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INTRODUCTION

The story of humans is a story of discovery. No matter which planet, which timeline, in whichever

branch of the multiverse you might find people, they'll be busy improving their lives. This is our great

gift and our curse, depending on which way you look at it. We can never stop and be satisfied with

what we have achieved — we'll keep sprinting faster, getting stronger, and growing bigger until we fall.

The story of civilization is a story of failures and rebirths. When one world is destroyed, a new one

rises in its place. This is auniversal law. Though I have tried many times, I’ve never managed to save

a civilization from the fall. It is not in my power to salvage the old, but I can help the new grow and

prosper, shorten and facilitate the path from dark ages to renaissance. This is how this book came

to be — the ultimate guide to rebuilding civilization. I hope that it helps, that your civilization

will remain standing, and if not, well, then at least you can add a few beautiful pages to the book.
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DISCLAIMER

This book is designed to provide general information only.This information is provided and sold with
the knowledge that the publisher and author do not offer any legal or other professional advice. In the case

of a need for any such expertise, consult with the appropriate professional. This book does not contain all

information available on every subject. This book has not been created to be specific to any individual’s

or organizations’ situation or needs. Every effort has been made to make this book as accurate as possible.

This book should serve only as a general guide and not as the ultimate source of subject information.
This book contains information that might be dated and is intended only to educate and entertain.

The author and publisher shallhave no liability or responsibility to any person or entity regarding

any loss or damage incurred, or alleged to have incurred, directly or indirectly, by the information

contained in this book. Youhereby agree to be bound by this disclaimer.
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"MAKINGFIRE FIRST THINGS

defining moment in history was when we tamed the first flame, And so mankind has learned to harness fire’stransformative powers.

and fire is behind much of what we do ina civilization. Suddenly, This arouses an insatiable desire to subjugate nature’s most powerful forces.

the darkness of night becomes manageable. Tribes gather near, food | When put in the hands of the people, this balance between creative and

can be prepared and items and materials that were previously inaccessible destructive forces will determine the potential splendor and lifespan

are now within reach. of the new world.

BOW METHOD

All you need to make fire is a bow.

Don't have one on hand? Make

a substitute with a flexible rod and

a length of string. Sharpen the end

of a hardwood stick and stand it

upright in a hole carved into a plank

of wood. Wrap the bowstring around

the stick and move the bow back and

forth — the stick will begin to rotate.

The more intense the movement,

the faster the stick rotates. This heats

the wooden plank, which will soon

begin to smolder. The easiest types

of wood to ignite are walnut, cedar,

willow, aspen and pine.

TINDER

Place tinder at the contact point between

the wooden plank and the stick to increasefriction

and produce flames.Dry moss or tree bark chips
are not the only option. Cattails,palm tree husks,

flaxfibers and cotton bolls will quicklyignite.

Gently blowing on the firewill also provide
a continuous supply of oxygen, and once

the tinder catches fire, you have a few seconds

to feed it with wood chips and underbrush.

Look for pine, which will supply you with dry

branches even in the rain. If there are only palm

trees around, you'll have to climb — the bark husk

at the base of the crown remains dry.



FIRST THINGS MAKING FIRE

BONFIRE

Rationingyour resourceswiselyis a good habit to developfrom the very start.

Youcan, of course,just pile wood onto your fireand it willburn brightly.
But not for long.It’sbetter to pile the ends of the logson top of each other
so that they form an asterixand, as they burn, push the unburnt material

to the center.Thisfirewillburn brighter and longer.

A great way to save fuel is to make a log candle. Split a pine log (preferably

pre-dried) into 4 pieces with an ax or a saw almost to the base of the log.

Lay wood chips in the grooves split by the axe and ignite. The fire and heat

will last for many hours. The wood burns and leaves behind charcoal, which

also carries large amounts of energy and contains a ton of carbon.

TORCH

Wrap dry bark, moss and wood chips tightly around

a large branch usinga strip of cloth, then saturate

with resin, which can be obtained from the outer

bark of coniferous trees. If there is no cloth, use

rope (page 18).You'llbe guaranteedseveralhours

ofbright light.



ater is one of the most critical natural

resources to secure for yourself.

Without water, you can only survive

a maximum of about seven days.Dehydration

clouds your common sense, quickly depriving you

of the will to live — a compelling reason to start
your search for water as soon as possible.

FIRST THINGS

The most obvious solution is to collect rainwater

or dew. But unless you have a shaman on your side

willing to perform a rain dance every morning,

you'll eventually have to find a more sustainable _

source.Yournext movewilldepend on the local
climateand landscape.

FILTRATION & DECONTAMINATION

Findingwater doesn't mean that your problems are over.Not everysource
is potable (suitable for consumption). Ifyou succumb to your thirst and gulp

down the firstwateryou come across,you may end up dying even faster than

you would from dehydration. Almost all sources found in nature will need

If fate finds you in the tropics and you have a steady supply of bananas, use

the slightlyporous peel in place of a charcoal filter.Even ifyou don't have
a water-tight container that can be placed over a fire, you can still boil water

using the materials around you. Construct a container out of birch bark

to be filtered and decontaminated, especiallyif they're stagnant or murky.
The main danger with natural water sources is biological threats, from bacteria

and their spores to parasitic larvae. Larger parasites can be filtered out

by drainingthe waterthroughsand (2), wood charcoal(1) or finegravel(3).

and fill it with heated rocks or, even better, river pebbles. You can also try more

complex water purification systems, such as the distiller (page 118), but you'll

have to advance your society a few steps forward first.



FIRST THINGS HOW TO FIND WATER

Clay
Sand = SDS

. Surfacewater
Groundwater

. Interstratalunconfinedaquifer
Interstratalconfinedaquifer
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WHERE TO LOOK FOR WATER

The easiest place to find water is where the soil is loose. Closest to the surface

is groundwater,which you can sometimes see gathering in the deepest parts
of a valley,at the bottom ofa steep incline or in places covered in verdant plant

life. Ifyou're in the mountains, seek out sources in fissures at the base of cliffs

and near areas of lush vegetation. Try digging under dry river beds; there may

be water under the layer of gravel. In the desert, midges and mosquitoes tend

to swarm around groundwater. To stave off thirst until your search is successful,

drink the juices of trees or plants. Justmake sure you know which ones are
poisonous (page 16).

NATURE’S HINTS

Takenote of largecoloniesof insects (especiallybees and ants), locationswith

thick, juicyplant life,the flightpath ofbirds and localizedfog — these are all
signsthat water is nearby.Ifyou'reneara clifffaceor rockwall,look for cracks

near a largeaccumulationofbird droppings.This couldmean a hidden source
that's easilyreachablewitha straw.

DEEP GROUNDWATER

If you can't manage to find a natural water source, your best option is drilling
a well. The hole should be sufficientlydeep (around 10-15 meters), and with

some luck, you'll be provided with clean drinking water for some time

to come. When finding a suitable location, look for alder, birch, spruce

and pine trees. If there are no trees around but a lot of sedges, this is

also a good sign.A large claypot will help determine the exact

location of your well.Dry it in the sun and set it upside down.

If aftera while the bottom of the pot begins to "sweat,"this is agood spot

to start digging.



it takes strength to bring your plans

~DIBLEPyANTs

hile hunger maystimulate creativity, Although cooking helps releasenutrients, many

to fruition. The answer: plants. energy cooking.

SAFE PLANTS

In forest, river or swampy environments with a cool climate,

you can eat the bast — a thin layer underneath the bark — of many

trees. It is better to look for berries in peat bogs. Blue ones

are more likely to be edible than red, yellow or white ones.

But don't confuseblueberrieswith Raven'sEye (Parisquadrifolia),
which causes paralysis of the heart muscles.

Sweet herbs are safe. Plant tubers are nutritious, as they contain

starch. Cereals are a good source of protein and are better when

crushed and mixed with water. You can eat pollen and chew

the needles of conifers.

In arid regions, the best place to look for edible plants
is near water. The flesh of sugarcane stalks will satiate your

hunger. And cacti will save you from extreme thirst if you

wring out the liquid from the pulp.

Water can also be found within the fruits and petals

of the prickly pear and saxaul bark. Just make

an incision in the lower branch of the date palm

and liquid will begin to flow out of it. Experiment

in the same way with other deciduous trees.

~

plants can be eaten raw, so there's no need to waste

FIRST THINGS

But to make sure your first bite won't be your last,

you'll need to be able to identify edible

and poisonous plants.



FIRST THINGS EDIBLE & INEDIBLE PLANTS

THE S-15 RULE

1. Rubasmall amount of the plant between your fingers

and wait 15 minutes. If this causes no adverse reaction, then:

2. Rub the plant on the inside of your elbow. If this causes no reaction, then:

3. Hold a piece of the plant between your lips. If there is no irritation,

burning or numbness, then:

4. Chew ona smallpart of the plant (do not swallow).Wait 15 minutes.
If there is no burning sensation or bitter taste, then:

5. Swallow this small piece. Wait 15 minutes. If you experience no nausea,

dizziness or other symptoms of poisoning, you can eat a small quantity

of the plant. Ifyour condition hasn't worsened the next day, the plant

is safe to use in food.

DANGEROUS PLANTS

Umbrella plants, which thrive in damp and overgrown areas, are often inedible.

Do not touch the umbrella fronds with your bare hands — this is the most

poisonous part.

Evenplants that are predominantly edible maypack a poisonous punch.
Apple seeds, leavesand pits of the cherry,peach, plum, almond and apricot
trees contain cyanogenicglycosides,while green potato tubers and leaves

contain the alkaloidsolanine.

But beware of burning poisonous plants in an attempt to destroy them,

as inhaling the smoke can be just as poisonous. If you do end up poisoning

yourself, flush out your stomach by drinking at least 2 liters of water and

inducingvomiting.
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FIRST THINGS

a good substitute for rope itself.The ability to braid a rope greatly fishnets and wild game traps.Youcan build a dwellingwithout tools, drag

R ope can often make a good substitute in a pinch, but it’shard to find If you are weaponless,rope makes it possible to obtain food through weaving

increasesyour survivalprospects. heavyloadswithout wheels and even staunch bleeding without medication.

MATERIALS

Rope can be made of wool, animal sinew, hair, silk or whatever you can find

underfoot. Plants are the best rope-making materials. Nettle, hemp, jute, flax

and willow will do just fine. But don’t gather them in an open area — dry plant

fiber is less elastic. Remove the leaves from the stems. Mash them until you

are left with long, strong fibers. By the way, a rolling mill makes the process
much easier.

BRAIDING

Now to show you the ropes of rope

braiding: The secret to strong rope

is twisting the fibers.

1. First, take a bundle of fibers and fold it into a loop. Don't fold

exactly in the middle or you'll run out of material on both ends

at the same time, and you'll have to add new fibers to both

sides. This will create a weak spot at the connection, which

is where your rope will start to fray. Press the fibers against

any flat surface with your palm and slide your hand forward

to twist the fibers together.

2. Repeat the process and twist several

bundles into a rope.

3. Then twist several smaller ropes together

to create an even thicker rope.



FIRST THINGS ROPE

PROCESSING WILLOW BARK

Willow bark is a good material to produce extra strong rope.

The elemental forces of fire and water will help you along the way.

Heat the wood, bark side down, over the fire until you hear a faint

hissing sound. At this point, the bark will separate easily from the

wood. The only part you need is the stringy, leather-like inner layer.

\ Boil it in a mixture of wood ash and water until it turns red. Hang

: the bark out to dry. Split the strips down into finer strings of fiber.

Wf
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KNOTS

Believe it or not, tying a knot

will actually loosen the rope. Here's why:

Ina knot, the fibers on the outer and inner

curve of the rope are under different

amounts of tension and the fibers

deform unevenly. The strongest knots

are those with alternating left

and right bends.

Ifyou'rehavingproblemsuntyinga tightknot,rollit onaflat surface
withyourpalm. Youcanalsowettheropeto makethefibersmoreflexible.
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omeday,you will construct massiveskyscrapersand drill deep into
the bowels of the earth. But first you need to master the basics.

Make simple tools first to act as a foundation for more complicated

instruments. You already have everything you need to get started: sticks,

stones, ropes, bones and animal sinew.

PROCESSING STONE

Stones that you find in nature rarelycome pre-sharpened, so you'll have

to create cutting utensils yourself bysplitting a largerock into thin shards.

Flint works best and will produce a glassyshard with a razor-sharp edge.

Larger shards become kniveswhile others may serve as cutters, scrapers,

pokers or arrowheads.

FIRST THINGS

SPEAR

Hunting spears require hardwood shafts such as oak, ash or walnut. To make

the wood even harder, smoke it over a fire. As the water inside evaporates,

the structure of the wood becomes denser. Fishing spears for shallow waters

are best made from bamboo. But skewering a fish on a single point is a skill

few can master. Increase your chances of catching dinner by adding two more

prongs to create a trident tip.

KNIFE

Flint makes for a sharp and durable knife,while obsidian, or volcanic glass,
is more suitable for scalpels. However, instruments made from these materials

are quite fragile. That's why you shouldn't be using them to hack away

at an animal carcass. Set them aside for tasks that require a finer, more

meticulous touch.



FIRST THINGS SIMPLE TOOLS

AXE

To fell and turn trees, you need a tool with a working surface made from heavy,

sharp stone and a transverse handle. Find a straight, thick, broad branch. Wrap

rope (page 18) around the branch 15-20 cm from one end and split this section

down the middle until you reach the rope. Insert a stone between the split halves

and cross the rope around it many times to secure it, connecting the two ends

of the branch and fixingthe stone insideas tightlyaspossible.

DRILL AND SAW

One of the hardest tasks to accomplish is drilling a neat hole. You need a solid

tool. But where can you find a sturdy material if you haven't yet discovered iron?

Pour quartz sand into your drill hole. The coarse grains will cover your drilling

instrument (a sharp piece of stone honed to a point), creating an abrasive

coating. This will help you drill a hole in a hollow bone to produce

a needle or hook. When the only thing separating the rich from
the poor is a few animal pelts and a warm meal on the table,

gemstones lose some of their value. But this

doesn’t mean they're completely useless.

Diamonds are the hardest material

in nature and so can be used for very

durable cutting and sawing tools.
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ew people are ever in a position where they must build their house

from the ground up with their own two hands while understanding all

the technologicalintricaciesnecessaryfor the job. Start with something

simpleand masterbasic construction principles.
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HUT

Use the terrain to your advantage. A hillside can easily become the back wall

of your hut. Dig out the center of a log and line it with stones for stability (1).

This will become the main support structure of your roof. Now you need

a cross beam, Attach one end to the central support post and rest the other

end against the slope of the hill. Now you have a T-frame. Laybranches across
the frame to form a sloping roof (2), which simultaneously acts as a ceiling

and two walls of your domicile. The entire frame must be secured with ropes
(page 18) or wire. From above, the roof can be covered with spruce branches,

palm leaves,reeds or just straw mixed with clay (page 136). For your fireplace,

dig out the main body of the hearth (3), and then dig out a wind box (4)

to one side for stoking the fire. Ifyou place your hearth within your dwelling,

make sure that the main body is inlaid in the wall or placed outside of the

walls of the home altogether. The difference in air temperatures inside and

outside the hut will create a draft, forcing exhaust fumes outside through

the chimney(5).

LEHOUSING& FIRST THINGS

Later, you can move on to more complex structures that will help elevate your

civilization to the next level of development. In the beginning, at least, your

environment will dictate the best design and building materials for the job.

LOCATION AND ORIENTATION

Payattention to the waythe sun moves across the sky.Orienting
your house south to north will saveenergy on heating and cooling.

In the Northern Hemisphere, the southern side willheat up

quickly;in the Southern Hemisphere, it willbe the northern side.

The movement of the sun through the seasons is also an important

factor to consider.An overhangattached to the roof will saveyour

lifeduring hot summer dayswithout blocking sunlight during
the winter. The best place to put your front door is on the side

«best sheltered from the wind.
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If the draft is not strong enough, these combustion byproductswill
accumulatein your home,which is dangerousaswood smokecontains
poisonous substances.Insulateyour fireplacewith rawbrick (page 148).

Thismaterialretainsand slowlyreleasesheat overa longperiod of time.
Incidentally,ifyou're lowon firewood,you can use dried animaldung
instead — it burns welland givesoffa lot ofheat.
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FIRST THINGS SIMPLE HOUSING

TIPI

Make the poles for the frame from branches

left out in the sun and wind to thoroughly dry.

Damp poles will cause the material covering them

to sag, leading to folds that allow water to leak

in when it rains.Use treated animalhides (page 78)

foryour covering.Youcan evensewallyour hides
together into a singlecanvasusinganimal sinew.
Soakthem in an alkalinesolution (page 24),
and then stretch to obtain the desired thickness.

Ifyou've alreadyused or gotten rid of the animal;

sinew,poke holes alongthe connecting edge
of the animalhide and join the two pieces together

by stickinga strong twigthrough holes in both
piecesof fabric (1). Create pockets (2) in the top

ofyour hide canvasto hold the poles (3) in place.
Bindthem together at the top with leather straps A

or steamed spruce roots. Tie a heavyanchor fe
belt (4) around the connection point to firmly

securethe structure.Attach it to a peg driven pace :

straightdown into the ground. The anchor
willhold the tent in place during strong winds.

The upper part of the structure should contain

Ye ©/ a smoke hole. This consistsof two flaps (7) that act

Punch holes along the bottom of the hide and Weoy as smokevents. Open and closethem using either
drivepegs (5) through them and into the ground a Va straps or poles (8). When it rains, coverthe hole

to secureyour hide canvas.Make sure to leave ra with an “umbrella”— an additional piece
asmall gap (6) for air circulation. Ne e- of leather (9).

ie Bat

IGLOO

‘The secret of constructing an igloo dome is that the snow blocks are laid in Your body heat will be sufficient to heat the igloo, but you must make sure

a spiral. To do this, the bottom layer of blocks must be shaved down at an angle that the main entrance is a tunnel below floor level. This will allow for carbon

to create the tilt that makes the dome shape possible. Don’t forget toleaveagap dioxide and oxygen exchange while preventing heat from escaping. Light

between the blocks at the very top of the dome for ventilation, The inner walls enters the igloo directly through the snowy walls, but you can also make

will melt slightly due to the heat emitted by your body, but the cool ambient windows and cover them in stretched, dried animal intestines. For a night-time

temperature outside will prevent the blocks from melting. In fact, this process light source, insert a wick (page 84) into a bowl filled with fish or seal oil

ofmelting and refreezingthe inner wallsmakesthe igloo evenstronger. and ignite.
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hey say cleanliness is the keystone of health. Not just for individuals,

but for society on the whole. And where there is physical cleanliness,

spiritual purity will follow.So develop a good hygiene routine.

Clean hands start with soap. To wash the grease and dirt from your hands,

you ll need to start with a mixture of grease and ash. Rebuilding civilization

is hard work. Sometimes you have to get your handsa little dirty. And

dirty hands mean battling an army of viruses, fungi and bacteria that live
on the surfaces you touch everyday. So it's time to make soap! First rule

of soapmaking: Don't talk about soapmaking. And the second: Mix grease

and ash to get rid of grease and dirt.

SOAP PREPARATION

The base ingredient of soap is fat. Any vegetable oil will do. A tangy olive oil

or sweet coconut oil will give your soap a pleasant aroma. The oils should first

be heated in a water bath.

When the lye is ready and the oils are heated, mix them together. Work slowly

and carefully — the quality of the soap depends on it. As you boil the mixture

down, it eventually reaches the consistency of sour cream. Adding a dash
of salt to the pot causes the soap to bob to the surface. Now you can skim

the soap ball off the top and repeat the process several times to purify it

of all lye and oil residue.

POURING INTO MOLDS

Pour the liquid soap into the molds. A wooden box works well. Just line

with wax paper to prevent the soap from soaking into the wood. Depending

on the weather and the size of the mold, it can take anywhere from a few days

to a week for the soap to harden and dry. Afterwards, it can be cut with

a string or wire into smaller, palm-sized pieces.

FIRST THINGS
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Ironically, the foundation of all soaps is a mixture of fat and lye — that is,

an aqueous solution of ash (mainlypotassium carbonate). When processing

the ashes of plants that are found in salty semi-deserts or on the sea coast,

soda solutions are obtained — sodium carbonate. Pass it through hard lime

(limestone burned in a kiln) and you get a solution of caustic sodium —
sodium hydroxide. To make lye,you'll needa filter.Wood shavings (1) make

for a finebase, covered in a layer of straw (2), and finallytopped with a layer

of ash (3). Pour boiling water (4) over the top of the barrel and the lyewill

start to drip out(S) of the tap in the side of the barrel (6). Do not store
the lye in aluminum or tin containers, as it will corrode them. And make sure

the lye/water mixture doesn't come into contact with your skin or mucous

membranes — you may suffer chemical burns.

Ail Hi}
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SCENTS AND COLORINGS

While a bar of soap is an effective weapon in your fight against germs, it can

also be luxurious — both in content and form. Add interesting scents and

pleasing colors. To do so, first melt the freshly made soap again in a water bath.

It will be easier to do this if you grate the bar of soap and add a little water.

When the soap becomes liquid, add essential oils (page 282), aromatic

herbs or infusions and natural dyes. Beet juice will give the soap a pink color;

cherry and pomegranate, red. If you add strong coffee, the soap will look like

chocolate. Pour the liquid soap into different molds and let it harden.

Soapisnotonlypractical,it'salsofun. Dip thebottomofa tubeinsoapywaterandyoucan
f i) na Wy { blowbubbles.And ifyou ditchthetubeand usea longpieceofropetiedintoa loopinstead,

tld youcanblowbubblesofgiganticproportions!
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hroughout millions ofyears of evolutionary struggle,plants have
developed substances to protect them from diseases and parasites

and even to manipulate insects and other animals. Severaladvanced

civilizations have medical traditions based around the unique healing

properties of plants and have done research into the active ingredients

that may prove useful to humans. If you're not a shaman and haven't mastered

the art of communing with plants, you should try to develop a pharmaceutical

industry. But beware — often the only difference between a remedy

and a poison is the dosage. Below are a few of the most effectivemedicinal

plants to start with.

A tincture from the red flower tips of Pericarium tarnosis (2), or blue

wortweed, helps with dizziness, limb cramps and earlobe numbness.
When dried and crushed, the red flower stems make an excellent laxative.

Young burdock leaves (1) boiled in milk are used as a treatment for

rattlesnake bites, The burdock plant's deep roots have great healing power. Crush fresh broadleaf plantain leaves (3) to release the healing oils then apply

A burdock root tincture can reduce high fevers and cleanse the blood. It also the oil to wounds, sores or insect stings. The astringent properties of the leaves

works as a diuretic. Use an oil extract of the root to treat rashes and burns. help clean the area and reduce inflammation.
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Medicinal herbs grow not only in mountains, prairies and forests

but even in puddles and swamps. For example, duckweed floats

on the surface of still-moving ponds, lakes and wetlands (4). June

orJuly is a good time to harvest the duckweed because it produces

flowers.Youcan use fresh duckweed or dry it in the sun and

grind it into a powder. People use duckweedto relieveswelling,
inflammation and painful urination. Thisherb can help reduce
the duration and severity of flus. It’s also used to promote wound

healing.

Nettles (5) are tricky plants. The leavesand stems are covered in a multitude

of hollow, stinging hairs called trichomes that act like hypodermic needles,

injecting histamine and other chemicals that produce a stinging sensation

upon contact. But ifyou break through its prickly exterior, you'll open up
a whole range of remedies. Nettle juice will help with purulent wounds. And

a strong tincture is used as a folk remedy for treating rheumatism. Nettle leaf

tea will relieve headaches, lower blood pressure and protect the liver from

damage by toxins and heavy metals.

The rebirth of civilization will not be without its trials and tribulations.

So search for the stress relieving arctic root (6). Arctic root stimulates

the body's resistance to physical,environmental and emotional stressors.
An extract might help protect cellsfrom damage and regulateheartbeat.
It's also a great natural energy drink. It grows on the banks of cold mountain

streams and rocky slopes in areas with low temperatures and high humidity.

When you have insomnia, use Valerian root. Prepare a hot infusion

of 2 teaspoons of crushed roots per 1 cup of water. Take 1 large spoonful

3-4 times a day or drink half glass before going to bed.

"Natural" does not necessarily mean "safe." Even medicinal herbs can be

potentially harmful if not used correctly. Therefore, you should not mix herbs,

or you may end up with a poison instead of a cure. So make sure to stay

on the good side of your herbalist.
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umans love to experiment. Thisparticular quality allowsthem
to get as much use as possible out of their environment and

take advantage of all available resources — even natural forces —

to achieve their goals. One example of this is the sauna. By combining Earth, Air,

Wind and Fire, humans learn not only to cleanse their body but also to heal it.

The rapid temperature changes (such as occurwhen the body is doused with

coldwater or rubbed with snow) fortify the immune, cardiovascularand

nervous systems, open your pores, promote lymph drainage and improve

metabolism. Because of this, steam baths are used medicinally.Saunas are also

a good place to givebirth and can alter one’sstate of consciousness, putting

them in a trance-like state. This is facilitatedby a change in a person's hormonal

background. The relaxed atmosphere, aswell as the nudity of the bathers,

promotes an atmosphere of sincerity and vulnerability,which helps build open

communication within the community. The central figure of the bathhouse
is the steam room attendant. His expertise transforms the bathhouse from

an ordinary room filled with hot air to a space of healing and experimentation.

MEDICINE

Saunashave an interesting effecton the body. The steam and heat increase

circulation and change the hormone cocktailbeing produced in the body.

Serotonin and endorphins flood into the system. Serotonin regulates sleep

cyclesand improves mood, while endorphins dull pain, reduce stress and

induce a feelingofpleasure.

The attendant must study how the sauna affectsthe mind and body and

which plants and their extracts enhance this effect.Steaming herbs should be

harvested as they’re ripening, when they contain the maximum amount

of nutrients and antimicrobial compounds known as phytoncides. Dried

bunches of herbs are hung in the corner farthest from the stove. The steam

releases the aroma and, with it, the phytoncides. Lightly swatting the body

with small branches (birch, oak or pine) improves blood circulation, massages

the muscles, opens pores and promotes sweating. The essential oils secreted

by the leaves revitalize the body. To soften the branches, they must be first

soaked in warm water for 15 minutes then steamed before using.
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You can construct the simplest of bathhouses by erecting a tent or digging

an earth lodge. You'll need a stove or, for portable bathhouses, a bonfire lined

with large stones. It’sbest to vent the smoke outside to prevent soot from

accumulating. You can also experiment with humidity and temperature,

as well as the steam production method to alter the effects of the steam bath.
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The more you heat the stones around the fire, the lighter and more finely

dispersed the steam will be when water is poured across them. This steam

is easy to breathe in, even at high temperatures — it does not burn the mucous

membranes or skin since there are no large water droplets.
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ven the most well-honed body is vulnerable to damage. A single If the burn or fracture is serious enough, it can affect more than just soft tissue

misstep or fall can lead to multiple fractures, a simple piece of paper and bone. Resulting infections may spread to the bloodstream and can cause

can slice through human skin like the blade of a knife and a careless life-threatening gangrene and blood poisoning.

attitude towards fire or poisonous plants can cause serious burns.

SPLINT

Any sort of force trauma can lead to breaks

or fractures in the bone. One good way to figure

out exactlywhat's going on beneath the surface
is to take an X-ray (page 46). If this isn’t an option,

you'll have to draw conclusions using indirect

indicators. If the area is puffy, extremely painful,

cold to the touch or numb, then the bone is most

likely broken. When treating a fracture, the most

important step is resetting the bone so it regrows

in the proper position. To do this, you need to hold

it in place. In a pinch, you can create a splint by

securing something hard and flat, such as a plank,

to the injured limb so that it doesn’t move. This

means you must affix the splint to two joints —

one above and one below the injury. Attach

aparallelboard to eachsideof the injuredlimb (1).

GYPSUM CAST

Evenbetter thana splintis a cast (2). Gypsum
is a sedimentary mineral that can be found at

the mouths of dry riverbeds. You'll need to crush

the rock into a powder then roast it in an open

cauldron for 1.5—3 hours. Once it has cooled, it's

ready to be used in your cast (I). Mix water into

your roasted gypsum. Soak strips of fabric in this

solution (II), squeeze out excess liquid (III) and

wrap around the fracture site (IV). Start above

the fracture and end below it (V). The gypsum

will harden in about 30 minutes (VI).

Youshould only apply a cast to a bone that has

alreadybeen reset.If it's acomplexfracture
(where the bone breaks through the skin) or

broken into multiple small fragments, do not try

to reset it because you'll most likelyonly cause

more damage and riskblood poisoning and
gangrene. In this case,it's easier,and healthier for

the patient, to amputate the limb,
Fractureswithnobonedisplacementorfragmentsheal
quickly— around2 weeksin childrenand 3-10 in adults.



MEDICINE BREAKS, BURNS & WOUNDS

CLASSIFICATION OF BURNS

The treatment plan forburns depends on the degree of the damage.If brief

contact with a flameor prolonged sun exposureleads to redness and pain
but no blisters (1), all you have to do is apply ointment to the affected area

and cover it with an antiseptic bandage. It should heal within a week. Our

friends the bees can help us make an antiseptic burn ointment. Melt beeswax,

mix with honey and aloe vera juice and let cool. When the wax hardens,

the ointment is ready.

Severeburns make the skin bright red and shiny (2). Blisters crop up later.

To prevent the spread of infection, it is important to avoid rupturing

the blisters. Apply an ointment and bandage.

An affectedarea that has turned black signifiesseveretissue damage (3).
This kind of burn won't hurt because the fire has damaged the nerve tissue.

If the burn coversa largearea of the skin,you mayhave to performa skin graft.

Otherwise, the wound will not heal,bacteriawill multiply and the site
will become infected. Instead, a patch of healthy skin is taken from another

area of the body and transplanted onto the wound site.

PUNCTURE WOUNDS

AND LACERATIONS

Clean cuts with even edges heal quickly,leaving

only a thin scar.Things get more complicated with

deep or jaggedwounds, which take much longer

to heal and produce more scar tissue.Any wound

must first be cleaned in order to avoid blood

poisoning. Wash out the wound using soap and

water or an alcohol-based antiseptic solution.

Youmay also want to try your hand at healing
herbs (page 28). Ifthe wound contains gravel,

splinters,glassor shrapnel, such as from a bullet
wound, the foreign matter must firstbe removed

using tweezers. Clean the wound from the center
out towards the edges then treat with an antiseptic.
Youcan apply crushed medicinal herbs or spread

honey,which contains hydrogen peroxide and

is slightlyacidicto help fightbacteria.Dressings ne |
need to be changedregularlyto prevent abadodor “4” Ly os 4
and increasedor pulsatingpain, allofwhich are "ee 7@. 33

signsof infection.

Ideally,a cleandeepwoundshouldbestitchedup,but ifyou
don’thavetheresourcesfor this,youcanmakea bandage
from a spiderweb.It worksas a powerfulnaturalsuperglue.
Thewebstaunchesbleeding,makesit easierto seesores
and abscessesandpreventsbacterialandfungalgrowth.
Justmakesurethecobwebiscleanofdead insectsor bird
droppings.And notfrom a poisonousspider.
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illionsofpeople maydie from otherwiseinsignificantinfectionsif | Thismedicinalfunguskillsdangerousbacteriaso smallthat only the largestcan
M you don't findawayto fightback.Certain types of friendlyfungi be seen under a microscope (page 184). Butobtainingenoughpenicillinfor

secrete a secret substance that could save lives: penicillin. even one person is a lot of work, and every step must be followed to the letter.

GROWING THE MOLD

Place a citrus rind, melon or piece of bread in a container with

a small amount of water, cover it loosely and leave it in awarm,

dark space. Within a week or so, a gray mold will begin to grow

on the surface. The main ingredient is ready once it turns a bright

bluish-green color.

All containers,toolsand materialsmustbeclean,preferably
sterilizedin boilingwater,beforeuse.

EXTRACTING THE PENICILLIN

Cut a couple unpeeled potatoes into thin slices, submerge the slices in boiling Heat a wire loop over an open fire then make sure to let it cool off so it doesn’t

water (1) and leave for half an hour. Strain the mixture using a clean cloth (2). _burn the mold. Then use the loop to pick up some mold and flick it across

You'll need to add another liter of water, as the liquid will be quite thick after the surface of the nutrient substrate (5). Cover the containers and wait

cooling. Also add two tablespoons of sugar and agar (3). Make the agar a week (6). Drops of yellow liquid will begin to form on the substrate —

by freezing red algaeand letting it thaw. Pour the mixture into flat-bottomed that’syour penicillin. There isn’tenough of it yet, however.

containers (4), quickly cover them and let the mixture thicken.
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RUNNING CLINICAL TRIALS

Before ingesting the medicine, make sure it’s penicillin and not another mold

in the jars. The concentration needs to be correct as well. Place some pus

or sputum from a sick patient into four jars, adding your mixture to two

of them and water to the other two. If the mucus in the water grows larger

while the mucus in with the medicine does not, it means you managed

to make penicillin and got the proportions right.

ADMINISTERING THE MEDICINE

Treatment should last ten days.Sinceyou can't store penicillin,you need to use
it right after it’smade,which means your only shot at successisbuilding and

scalinga smooth production line for the future.

Remember that using antibiotics too often acclimatizesbacteria to the harsh

conditions, causing them to develop immunity. This will make the battle

exponentially harder. If it’sa viral infection, don’t waste your precious

drops — penicillin will be powerless. You'rebetter offusing medicinal
herbs (page 28).

PREPARING THE MEDICINE

Makea loop, heat it and let it cool. Then take an empty glass

container and sterilize it as well. Using the loop, gather the yellow

liquid into the container.

Heat up some milk in a flat container until you get powdered milk.

Add this, sea salt and 100 ml of clean water to the container with

the penicillin then close the lid and shake the container until

the mixture dissolves.

Aweek later, strain the liquid through

a sterile cloth and add the right

amount of acid.

You have 100 mg of solution you can

inject. All that’s left is to make sure

the correct mold was produced.
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hile your top alchemists are still working round the clock

to produce the Elixir of Life,you may need to resort to surgical
intervention to save lives. Surgery is away to sew up serious

wounds, reattach missing limbs or even remove problematic vestigial organs,

such as the appendix.

SURGICAL INSTRUMENTS

Yourmain tool is a sharp scalpel (1). Ifyou can’tfind one, you can get away
with using a thin, well-sharpened blade (12). Retractors (2, 3, 8) pry open

the incision, givingyou accessto the organs underneath. Strabismus scissors
(4) cut through vessels,ligaments and tendons, while a needle and thread

(5) paired with suture forceps (9) help you sewthem back up again.These

can alsobe used to grip and tie offblood vessels.But make sure not to sewup
vesselswithout a good set of magnifyingglasses (6). Amask (7) protects the

surgeon from liquids spurting from the wound and protects the patient from

microbes emanating from the surgeon’smouth and nose.A syringe (11)
is needed to administer pain relievers.Tweezers (10) are useful for applying

and removing stapleswhen suturing incisions and wounds.
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APPENDECTOMY

The appendix is a finger-sizedsac that grows from the cecum in the large

intestine. It helps the immune system and digestion. But when it gets inflamed,

it causes severepain. Youcan easilylive to a ripe old agewithout an appendix,

but once it becomes inflamed, you've only got a few days to get it out before it

causeswidespread inflammation throughout the abdomen or ruptures
and infects the blood, resulting in death.

I. Under a good light source and with antiseptics, antibiotics and pain

medication close at hand, make an incision deep enough to transect

the abdominal muscles and the dense, translucent film covering

the abdominal organs, known as the peritoneum.

You'll notice the cecum immediately. Grasp it and

carefullypull it upwards and out through the incision,

along with the inflamed appendix. This must be done

slowlyand carefullyor the appendix may burst
Y

in your hands.=Wyn
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III. Pull the appendix to one side, tie offthe large

artery running underneath it and cut through
the ligament holding it to the cecum.

IV. Tie off the appendix at the base and remove it.

Cauterize the wound with a red-hot knife blade.

V. Stitch up the wound in layers — first

the peritoneum, then the abdominal muscles

and finally the skin. You should start your stitch

before the edge of the wound in order to anchor it

to healthy skin. When stitching up the peritoneum

and muscle layers, be sure to use dissolving stitches,

and submucosal tissue layers of a sheep's intestine.

The outer layer of stitches should be removed one week after

the operation. It is important that the wound remains clean

and not inflamed. Dressings should be changed regularly.

such as catgut sutures. They can be made from the muscle
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he human body is a universe unto itself.Everything is interconnected,

energy and nutrients flowingfrom one place to another through
the body’s supply system — blood. Hopefully,your blood

generally stays inside your own body, but in certain life-threatening

situations, it can be shared with another person. And luckily,finding

someone witha similar blood type is easier than finding someone
with shared interests, political views or musical tastes.

CIRCULATORY SYSTEM

Blood flowsthrough a network of vessels that

close, through the heart, in two circuits of blood

circulation. This red, viscous liquid delivers oxygen,

nutrients, hormones and vitamins to every corner

of the body; it also picks up waste and dispatches

it for disposal. Some elements in blood protect

the body from infections, while others can

plug holes in blood vessels and prevent leaks.

1. Braincase

2. Brain

3. Thyroid
4. Trachea

5. Heart

6. Lungs
7. Diaphragm
8. Liver

9. Stomach10.Gallbladder(12)
11. Large intestine

12. Small intestine

13. Bladder

14. Muscular structure



MEDICINE ANATOMY & BLOOD

BLOOD TRANSFUSION

Suspend a glassbottle with a rubber cap (1) upside
down on a bar high above the patient. Two thin

rubber hoses with needles at the end are then stuck

through the rubber cap.Blood drips slowlyinto
the drip filter (2) — a collapsibleglasscylinder
with a mesh (3) inside (used to filterout blood

clots, or lumps that quicklyform in the blood
once it is removed from the human body).
The blood then flows through another rubber

tube to a needle inserted into the patient's vein.

The needle must only be inserted once blood

has flowed to the end of the tube, so as to avoid

air bubbles, which can cause embolisms. Use

an adjustable clamp (4) to regulate blood flow.

The second rubber tube (5) acts as a pressure

vent, allowingblood to floweasily.An air filter (6)
is attached to the end of this tube to prevent dust

from entering the bottle.

BLOOD TYPE

Crush lima beans (Phaseolus limensis). Dissolve

1 g of salt in 100 ml of condensate obtained by

evaporating water. Mix 5 ml of this solution with

15 g of seed powder. Shake every 10 minutes for

an hour. Next, spin the mixture very quickly

to separate the liquid from the sediment. Save

this liquid. Mix a couple of drops of blood with

60 drops of saline solution.

Express testing
Ifyou havetimeto determinethe bloodtypein advance,great.
But in emergencysituations,you can mix two bloodsamples
togetherin transparent containers.If no clotsform, it’ssafe
toperforma transfusion,but if the bloodbecomesvisibly
lumpy,the bloodtypesare notcompatible.

ilunNN

ANTIGENS

Blood gets its color from

microscopic red cellscallederythrocytes.
The cells have distinguishing markers called

antigens that stick out like pins from the surface

of the cell. The main antigens are A, B and

the Rh factor.People have differentcombinations

of these "pins,"i.e.,differentblood types. Ifyou give

apatient a transfusionwith the wrong blood type,

the erythrocytes willbegin to clump together,

turning the blood into jelly.This iswhy blood

transfusions should onlybe performed with

compatible blood types. Complicating the matter

evenfurther is the Rh factor — people who lack this

marker cannot receiveblood in which it is present.

Spinfor S minutes. Drain the liquid and keep
0.2 ml of the red precipitate. Add 10 ml of saline

solution. Mix a drop of the blood mixture with

a drop of the seed extract. If afewclots appear,
the blood is type A. If there are a lot of clots,

it’s type AB. If there are none, it’s type B or O.

Viewing the clots is much easier with a microscope

(page184).
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smile is a contract of goodwill between two people. The wider They're also the marker of a good quality of life.Learning good dental

the smile,the stronger the sense of security.But strong, healthy teeth hygiene habits earlyon can prevent heart, nervous system and spine problems

en't just the keyto a thriving social life. down the line.

TOOTH STRUCTURE

The top layer is the enamel (6), which makes your teeth

more durable and guards against germs. Beneath that

is the dentin (1). The pulp (2) protects the core and contains

the tooth’s“vitalorgans”: the veins (3) and the nerve (4),

which is the culprit behind the terrible pain you feelwhen

you have a toothache. The root (5) holds the tooth in the jaw.

The light pink tissue surrounding the tooth is the gums (7).

This covers the base of the tooth, preventing food particles

from penetrating inside the body.

DRILL

The mechanism behind the dental drill is similar

to the one used in a sewingmachine(page 170):
The pedal (8) transfers the rotational energy through

the cable (9) in the hose to the turbine (10) built

into the handpiece, which makes the drill

v bit (11) rotate. The more rotations

per minute the drill is able to obtain,

the less painful the treatment is for the patient.

That's why it’sbetter to make the drill electric.

The high number of revolutions makes it easier

VOIVA:AXING
ea 4

\

to gently remove the afflicted areas from

the surface of the tooth without destroying

the lower layers. The tooth can now be filled.
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DENTAL PROSTHETICS

If you break a tooth, you can insert a short post directly into the jaw bone

to serve as the root of your dental implant. This post is threaded so you can

install a prosthetic tooth. Instead of extracting the tooth, you can attach

a porcelain cap and secure it with springs and braces. When the damage is more

extensive and multiple teeth need to be extracted, you can make a dental

bridge — usea light,durablemetal — to which the faketeeth are attached.

DENTISTRY

Affixthis bridge to the crownsof the abutment teeth, or two anchor teeth

adjacentto the gap.Beforeplacingthe bridge,these teeth must be ground
down so that a crown canbe placed on them.A full-jawprosthesiscan be
made using ivory.

FILLING

Any holes or other damage teeth sustain must be filled to prevent the tooth

from crumbling awayfurther. During this procedure, the vessels and nerves
are also sealed off, relieving any pain the patient may be feeling.Fillings
can be made ofa silver,copper and tin alloy or from dental cement made

by mixing zinc oxide powder and a binder. The tooth must be very clean
and dry before applying the filling; otherwise, the coating won't stick.

ANESTHESIA

Drilling into a bare nerve will cause a hellish
amount of pain. That’swhy you'll need something

to take the edge off.The simplest anesthesia

to make is laughinggas (although makingit isn’t
nearlyas fun as takingit). Allyou need to do
is heat ammonium nitrate (1), an ingredient also
used in gunpowder and fertilizers(pages 124
and $8). The vesselyou use should be a beaker

closed offwith a cork and small glass tube (2).

Heating ammonium nitrate releases nitrous oxide,

otherwise known as laughing gas. This gas

must be bubbled through water and collected

in an inverted jar (3). Make sure this jar is air-

tight and sealed immediately after collection

or the gaswill escape instantly.Give the patient
a huff of the stuff,and they'll forget all about

any pain. Givethema little more,
and they'll fallfast asleep.

The material should reach into all the nooks and crannies of the cleaned

tooth hole. Check the height of the filled tooth against other teeth nearby

to ensure that the filling won't interfere with the patient’s everyday life.

Try to work with the natural shape of the tooth and remove any excess
material before it hardens.

When heated, ammonium

nitrate releases nitrous

oxide, which can be used
as an anesthetic. Heat

to nomorethan 250°C;
otherwise,thingswillget
explosive.Sincelaughinggas
isheavierthan air,it can
be collected in a jar or other

container.



our civilization will be under threat if the new generation is insufficient

to replace the old. One way of tackling this problem is by reducing

infant mortality rates during labor. Childbirth is a natural process

that has been programmed into humans.

LABOR

Childbirth is a natural process. In most situations, everything runs smoothly

on its own. The child grows and develops within a fluid-filled sac in the womb.

When it’s time to be born, this sac ruptures and the amniotic fluid is released

through the vagina. A woman is ready to give birth when the opening

of the cervix reaches 10 cm. The baby’s head should be the first thing

through the vaginalcanal.As soon asit does, clearthe baby’snose
and mouth so it can breathe.

MEDICINE

Every step has been honed and perfected over millions of years of evolution,

and the female body already contains all the resources necessary to protect and

nurture the fetus. But what if something goes wrong during this process and

the mother and child are in danger? Luckily, there are ways to address many

of the common problems so that the child can safelybe born.

After the head, the shoulders and body should soon follow. Cut the umbilical

cord as soon as you stop seeing a pulse within it. But the birth process is not

over. Now, the new mother needs to push out the placenta, which provides

the fetus with nutrients and oxygen during pregnancy. During birth,
it detaches from the wall of the womb and must be expelled.

C-SECTION

If something goeswrong — for example,the baby isbreech (positioned feet

first), has become tangled in the umbilical cord or the mother's birth canal

is too small —a cesareansection maybecome medicallynecessary.Make

a horizontal incision abovethe pubis (or in case of extreme emergency,

averticalincisionfrom the navelto the pubis). Cut through the layer
of muscle, push the bladder aside then make an incision in the uterus and

rupture the sac containing the baby. After carefully removing the baby and

cutting the umbilical cord, extract the placenta and pull out the uterus.

Stitch up the incision on the lower and outer layers of the uterus and put it

back in place. Then stitch up the muscle and skin layers,

G3)
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EMERGENCY ASSISTANCE

In case of complications in childbirth — if the child isn’t making progress

through the birth canal and it is too late for aC-section — there are two

options. The first requires a vacuum plunger. Use a small pump to create

a weak vacuum. Attach a rubber-lipped suction cup to a solid glassbottle.

As the air is pumped out of the bottle, it generates negative pressure and

the rubber lip seals firmly to the baby's head. All that remains is to gently

tug on the other side and help the baby through the birth canal. The second

method involvesforceps —a large pair of tongs that clasp the child's head.

The doctors assisting the woman in labor must work together with the new

mother, only lightly pulling on the child as she pushes. Overly forceful use

of forceps may lead to fatal consequences for the child.

Aphonendoscopewillhelpyoudiagnosepossibleproblemsbyallowingyouto listen
to the internal organs. Thehead of the device,which isplaced on the skin, must consist

ofa thindiaphragm(an elasticconvexplate,whichactsas amembrane)and an amplification
cone.Thistransmitsa broaderrangeoffrequenciesthan a stethoscopeand ismoresensitive
tofetal heart tones.
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1, Exhaust vent

2. Sealedhatches
for babyaccess

3. Thermometer

to monitor the constant

temperature within

the incubator

4. Scalesto monitor
weight

5. Heating element

6. Filtered air duct

. Fan

INCUBATOR
If the baby is born prematurely, you can simulate It is important that the baby has warmth from Place a scale on the floor of the incubation chamber,

the conditions within the mothers womb all sides. Install a fan to circulate air. Remember then cut two holes in the side and install rubber

in an incubation chamber. It ensures constant to add a cotton filter to the air duct to prevent gloves.These can be hermetically sealed into

temperature, moderate humidity and proper contamination by harmful microbes. Youalso the wall of the chamber so that you can access

oxygen levels.Make the box out of metal and glass __ need to be able to constantly monitor the weight and manipulate the baby without disturbing
to make it easier to sterilize. To maintain consistent | and temperature of the child so that you don't the microclimate.

temperature, use a heating element or warm water —_repeatedly compromise the sterile environment
bottles. by pulling the baby in and out.
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he more your civilization thrives, the greater the risk of it falling.

Dense urbanization, trade and emigration between cities (page 406)

create the perfect conditions for an epidemic. Close contact between

people from different places can lead to cross contamination: Viruses that may

be harmless to a community with herd immunity could wreak havoc among

populations that haven't yet been exposed. Stop-gap solutions simply

won't do — you'll need to resort to radical methods in order to keep

your civilization afloat.

PROTECTIVE EQUIPMENT

1. Goggles protect you from microbes penetrating through

the mucous membrane ofyour eyes,allowingyou to safely

observe patients with pustules and ulcers.

2. A mask prevents pathogens from getting in through your skin

and mucous membranes. When coughing, sneezing or even

having a simple conversation, tiny droplets from your nose and

mouth flythrough the air and are aspirated by people nearby.

These droplets contain microbes responsible for terrible

diseases. Atwo-ply mask witha filter traps these microbes,

preventing them from travelingthrough the air and infecting

someone. Everyone,not just those displayingsymptoms,

should wear a mask during an outbreak becauseno one
can be certain that they aren't a carrier.

3. A cane will help you stay clear of contaminated surfaces.

It can be used to open doors or measure a safe distance

of 1.5 meters — this is the best way to slow the spread

of infection.

4. Along hooded robe to cover the whole body. After you get

back home, it’ll need to be disinfected.

5. Gloves protect your hands and keep germs out of your

face and mouth.

6. High heels help keep your shoes from getting dirty

in contaminated runoff water. This way, you don’t have to clean

the dirt from your boots, which means one less opportunity

for transferring germs to the skin.

One to two cases a week is manageable, but 15-20 is considered an outbreak. (6)

These waves of infection occur when a microbe or virus is rapidly passed

from one person to another, who then continues the chain by infecting others But when this cycle isn’t broken, the disease can spread like wildfire across

around them. If you infect someone but they are able to prevent themselves the whole civilization. If the outbreak starts to affect several different

from infecting anyone else, they will interrupt the transmission cycle, and settlements, it becomes an epidemic. If the epidemic goes global and starts

within a year or two, there will be no more new cases of the disease. spreading even to remote areas, it’sclassifiedas.a pandemic.

(44)



MEDICINE EPIDEMIC

ISOLATION

Diseases often originate in forests, spread by wild

animals. Some animals can be wellsprings

of pathogens — although they themselves may

not fall ill, they can still carry the disease and

transmit it to humans. Bats, rodents and primates

are the most common and dangerous culprits.
Try to avoid building your settlement near aswamp,

as mosquitos breed in stagnant water and carry

numerous diseases. You may run into the same

problem near rivers.

Animals can transmit to humans, who then bring

the infectious agents back to their communities

and set off a chain reaction. Send your hunters

out in shifts and make sure they live in a camp

slightly separated from the main population.

This will reduce the risk of disease outbreak.

Water is as much a breeding ground for infection

as forest thickets. All your water must be purified

Quarantine is an essential precaution against

outbreak. Infected individuals must be separated

from the rest of society. Symptoms may appear

several days after initial infection, so anyone

who has been in close contact with a known case

must quarantine even if they feel healthy and

are asymptomatic. Quarantine should last

a minimum of 7 days and a maximum of 14-21.

beforeutilizing(page 14). Most microbes

are quicklykilledby boiling.

VACCINATION

Your best bet in the battle against disease is vaccination. It’s a way of introducing

the immune system to the pathogen in advance, giving it the opportunity

to fightback without getting infected. Thisway,when the vaccinated person -

comes into contact with the pathogen, they have either developed a complete

immunity or have drasticallyreduced symptoms.

Vaccines use a weakened form of the microbe. But if your civilization lacks

the technology necessary to create vaccines, there is a simpler but far more

risky method. Check to see if house animals experience similar symptoms

to humans when infected. If the disease produces ulcers, scrape the dried crust

or scab off the top. When the infected tissue dries out, it makes the pathogen

weaker. This weakened form is exactly what you need.

Crush the scabs into a powder. Make an incision on the person's hand, sprinkle

some crust powder in and wrap it with a cloth. If the patient develops small

sores and blisters after a couple of days,the vaccination has worked.

Another dangerous but effectiveway to teach the body to recognize and

fightpathogensin advanceisvariolation.If there arepimplesand pustules
on the patient's body, pierce them with a sharp needle. Some pus will remain

on the tip. You must then use this needle to puncture the skin of a healthy

person in several places. The most convenient location is the shoulder. The risk

of developing complications after an intentional, controlled infection is lower

than the risk of dying from a severe illness, so you have an important choice

to make.



MEDICINE

e’reoften told that it’simpossible to know what's really going Despite its seeming technical complexity,you can build an X-raymachine
on inside another person. But it’snot entirely true. X-raysreveal using an incandescent lamp (page 198) and a photographic plate (page 187).

things invisible to the naked eye. Bone cracks, swallowed metal objects and even bullets are visible at a glance.

X-RAY APPARATUS

The entire mechanism must be covered with a thick lead casing

to preventX-raysfrom flyingout in alldirections.Leavejust one

small,unprotected window angledtowardsthe tilted anode.

Therayswillescapethroughthiswindow.Connect the machine
to ahighvoltagesource,preferablyconstantvoltage(page 196).

COPAULITH,P77Fess11

COOLING SYSTEM

Toprevent the cathode from overheating,

X-RAY TUBE

Blowa tube out of quartz glass(page 114).

Thisglasscanwithstand extremetemperatures.
Placetwo electrodesinside— the cathode and
the anode. Choose a metal with ahigh melting

provide a constant supply of cold, flowing

water and place the entire tube
in an oil bath,

point for your cathode. A tungsten filament, used

in regular light bulbs (page 192), will do. Suck

out as much air as possible from inside the lamp.

A vacuum will allow the electrons to fly across

from the cathode to the anode. When heated,

the cathode emits electrons.

Make the anode much larger and from a metal

with a high thermal conductivity, such as copper.

Cut the anode stem at a 45—70-degreeangle and
attach a platform made from a heavymetal, such

as tungsten or platinum. When the electrons hit

this platform, they slowdown and lose some
of their energy. This energy is released

in the form of X-rays.
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MEDICINE X-RAY

RADIATION PROTECTION

Not all threats are visible to the naked eye.X-rays

are a form of ionizing radiation. They are absorbed

into body tissues and can cause radiation burns

and, in high doses, even cancer. That’swhy people

shouldn’t undergo X-rayprocedures too often.

Protect the parts of your body that aren't being

examined with lead plates. But don’t createa full

suit of lead armor — it would weigha ton.
It’s better to sew a vest or apron with many

pockets and fill them with lead plates.

CONTRAST AGENT

When doing medical imagingof the stomach
or intestines, you can highlight them usingZ UyYj
a contrast agent. It will improve the image

quality and allow you to see the organs in more

X-RAY IMAGE

As X-rayspass through your body, they are absorbed to different

detail. You can prepare a contrast agent from

barium salts. To do this, you'll need to find

the mineral barite (also known as heavy spar),

which is similar to limestone but heavier. Grind

extents by the internal structures. For instance, soft tissues such

as muscles and fat absorb very little, while dense materials like

bones or metal objects absorb much more. That’s why the image it into powder. It doesn't dissolve in water so you

will have to add an algae thickener. Add flavoring

to make drinking it more pleasant for the patient.

X-raysleave on the photographic plate looks like a set of lighter

and darker shadows.
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PLANTS

xotic fruits can be a puzzle. It’snot always immediately clear which

portion is edible and how to extract it. Many plants have acquired

surprising adaptations that force us to admit the truth: No matter

what heights our civilizations may reach, nature will alwaystake the prize
for the most innovative inventions.

Cashew
Thisisnottechnicallya nut but a seedformedona softyellow,

greenor red “apple”— thefruit oftheplant. Thiscan alsobeeaten
raw (it’sjuicy with a sweetand sour taste) or by boilingit into a compote.
The“nut”itselfis encasedwithin a doubleshell.Theouter layercontains

compoundsthat irritate the skin,so it should not beremovedwith
the bare hands. Heat neutralizes the caustic resin. Toss the cashews

in boilingwaterfor half an hour,afterwhichtimetheoutershell
willbecomeharder and easierto remove.Thenfry thepod

and remove the inner shell. The cashews are now ready to eat.

Cashews are both a food and a medicine. They contain anacardic

acids that kill bacteria. Chewing on them is a good way

topreventtoothdecay(page40).

Banana

Thebananaplant isnotactuallya treebuta giant herbaceousplant, or herb.Thefruiting
bodyistechnicallya berrybut isgenerallyclassifiedas afruit. Bananascanbeeatenraw,
dried,boiledorfried. Thetreetakes 10monthsto maturebeforeformingan intricateblossom
head.Theblossomsarearrangedin tiers,eventuallyformingsmallfruits. Onetreecangrow
200-300 bananas,whicharealwaysbunchedveryclosetogether.Afterharvestingthefruit,
thestalkshouldbechoppeddownand a newoneplanted in itsplace.
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Helix Bean

Thisisn't a bean but afruit. Whenthefruit
ripens,theskinburstsopento revealjuicy
berries.Theberriesslidedownthespiral

structureinsidethefruit, acceleratingas they
do,andfall to theground.Whentheyhit

theearth, theybouncelikerubberballsin all
directions.Thehigherin thespiraltheberries

are located,thefarther theybounce.Thisis
howtheplant multiplies.Youmustharvest
thecropbeforethishappensand theberries

scatterallovertheplaceand eithertakeroot
or areeatenbybirdsand othersmallcreatures.



Coconut

A coconuthas threedistinctshells.All ofthemhaveusesin agriculture.Dry theouter
hulltouseasfuel orfertilizer.Thefibroushuskcanbeusedfor upholstery.Thethird,
internalshellcanbeflakedand usedindessertsor mixedwithcoconutwaterto make Coco de Mer

milk,Theoutermostshellhas threesmallgroovesin it. Waitfivemonthsfor the coconut Thefruit resemblesthe hipsof acurvywoman.
to ripenthendrilla holeinoneofthesegroovessoyoucandrain theliquidfrom thenut. Thepalm treeonlybearsfruit aftertheageof20,
It isan excellentsourceofelectrolytesand addsdepthofflavor toyourcooking. but it willlivefor a longtime— up to 800years.
Usetherootsofthepalm treefor dye(page122) and theleavesfor weavingmats. Cocodemercontainslesscoconutliquidand has a more
Thesyrupfrom theflowerheads,whichcanbeevaporatedto makesugaror left tenderfleshthan a plain coconut,It canbeeatenraw
toferment,producesa refreshing,low-alcoholwine. or usedtopreparea varietyofdishes,beerand softdrinks.

Peanut

Thepeanut isactuallya beanthat growsunderground
in light,sandysoil.Culland trim thebushesfrequently,
as peanutflowersbloomfor justa singleday. Thefruit

can beharvested90-150 daysafterplanting,depending
on thevariant.Thisnearmiraculouslegumehas as many
usesasyour creativitycanmuster.A verynutritiousfood,

it can beeatenraworfried, turnedintocookingoil
andgroundintomeal.It canbeprocessedintohand

lotion,laundrysoapand shampoo.Medicinally,
peanutscan beturned intoa laxativeor rubbingoil.

* Youcanevenusethemto makeglue,dyeand ink.

Mangosteen

Theinteriorofthefruit consistsofsegmentedpulp withseeds.Open
theripefruit carefullyso that the inkysecretionsleftbytheshelldon’tstain
your clothesand skin.Thepulp isa sourceofmanygoodmicronutrients.
Youcan eat it raw, make it into juice, add it to pies or make jams and sauces.

Youcanfry the seeds and make curdfrom the peel. :



PLANTS

ushrooms are among the most mysterious organisms

in the multiverse. Neither plant nor animal, mushrooms

are a type of fungus, which also includes microscopic yeast

cellsand molds. They surviveby breaking down organic compounds
in the environment — unlike plants, which use sunlight for photosynthesis —

and reproduce by releasingspores.

Mushrooms are vital to maintaining healthy forestland. The caps and stems

you see aboveground are just the visible portion of a massiveunderground

network that rivalsthe span of even the largest metropolis.

FOOD AND MEDICINE

Mushrooms aren't particularly satiating but do contain fiber,antioxidants,

vitamins and minerals.They can be boiled, fried, cured or dried. Even
poisonous mushrooms can be put to good use: flyagaric,for example,contains

antibiotics, analgesicsand antihistamines. But be careful: Some mushrooms
cause hallucinations and other mind-bending symptoms that can changeyour
perception of the world. In some societies, this may or may not be considered

a positive attribute. :

FERMENTATION

Yeast and mold are also a type of microscopic

fungi. Certain species can be used to kickstart

the fermentation process when making

bread (page94) or alcohol(page 118).Some
moldsareused to makecheeses(page 104),
wines(page62) and evenmedicines One
particularspeciesproducesa powerful
medicinalsubstance:penicillin.

CLOTHING AND PACKAGING

Mycelium, which is the mushroom equivalent of a root system,
can be used to make biodegradable, moisture- and fire-resistant materials

for clothing and containers. Inoculate waste byproducts such as oat hulls

(page 54) with mycelium and place in a mold. The myceliumwill growto fill

the empty space and you'll be leftwith a dense block of material.When ready

to use, dry it out to prevent further growth.
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nce you start growingyour own staple crops,be prepared for your

life to change drastically.You'llbegin to depend on agriculture and

willbe able to settle in one place.Yourcommunities will grow into

villagesand, eventually,large cities.

Wheat — depending on how you process it, you can

getsemolina,bulgur,couscous,wheatgermandflour.
Thegrains themselves contain starch, which is used as a base

in ointments and adhesives. Wheat is also needed to make

beer, vodka and whiskey,
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LE CROps PLANTS

Corn isa staplegrain, as it willprovidefoodfor bothpeople
and livestock.Theunrefinedkernelsareusedin sidedishes
and soupsor eatenrightoffthecob.Theflour can bemade
intopancakes,cornbreadand tortillasor refinedfurther
to makecornstarch.Superheatthedriedkernelsin a closed
pan withsomeoil togetpopcorn.Thedriedhusksand stalks
oftheplant aregoodfor buildinghuts andfences.

Both cereals(e.g.,wheat,rice,corn) and pulses(e.g.,chickpeas,lentils)make

good staplecropsandwillplayan important role in shapingthe food,life,
culture and even worldview of your civilization.

Chickpeas area goodplant-basedmeatreplacement,
as theyare richinprotein.Twoeasydishesto makeare
hummus,mashedchickpeaswithtahini (groundsesame
seeds),andfalafel,groundchickpeasformedintoa ball
and deepfried.Afteryou'veharvestedyourchickpeas,
therestoftheplant canbeusedas livestockfeed.



EEE nnnnnn,,

PLANTS STAPLE CROPS

Cereals can be processed in several ways: Sow your seeds at different times of the year to ensure a steady food source

« Mill the grains to produce flour (page 234). allyear long. Springcereals,as the name suggests,are sown in spring,while
+ Remove the hard outer shell (bran) from the grain using a mortar winter crops should be planted in autumn. Winter crops germinate during

and pestle, moisten and steam to remove any impurities and dry the cold months, and because of this, they ripen much earlier than the spring

to produce cereals. crops. Winter crops produce higher yields (due to moisture reserves in the soil

e Soakand germinate the seeds to produce malt, which is used to make in earlyspring), but they can be grown only in areaswith high snow coverand
beer (page 106), whiskeyand other alcoholicbeverages. mild winters, are more demanding on the soil and are less drought-resistant.

Wheat, barley and rye can all be sown in winter.

Oats toleratefrost and droughtverywell,so they'llguarantee Lentils are drought-resistantlegumesthat are high Barleygrains,afterhulling,leaveyouwithdeliciousbarley
yoursurvival.Crushthegrainstogetflourfor breadorflatten in carbohydratesandprotein.They'rethebasisofsalads, grits.Polishthosetoproducepearl barley.Barleyworks
themintoflakes to makemuesli.Infusealcoholwithoat earthysoupsand stews,vegetariancutletsandpaté, as well wonderfullyfor thickeningsoupsandstews,It isan essential
grainsandyou'llgeta sedative.Brewthemfor a pick-me-up as sweetdisheslikepancakes,muffinsand even"mockolate" ingredientin beerand whiskey,It alsomakesgreatanimal
coffeereplacement.Bytheway,babyfood andjellycanboth truffles.Additionally,theyfix nitrogenand soreplenish fodderfor keepingyour livestockalivethroughwinter.
be thickened using oat broth. the soil in which they are grown.

es



ature movesin cycles.Aftereachblossom comesa period of decline,

and over time, eventhe most fertilefieldsstart producing increasingly

meagerharvests.The soilbecomes depleted as the plants suckall
the nutrients from it. But don't pack up the family and leave the farm yet —

you canhelp your fieldsrest and recoverwhile continuing to producea yield.

Barleyand oats (page54) producegoodyieldsbutquicklydrain thesoil.Therefore,grow
a perennial cloverat the same time.It willgrow under the canopy of the cerealsand isgood
for feeding cowsand goats. Cloveraccumulates nitrogen in its roots,which willmaintain soil
nutrient levelsas the cerealsgrow.
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Theyearafteryouplant wheat,growrootveggiessuchaspotatoes,beets,turnips,rutabagas.
Thesearea greatsourceoffoodfor bothpeopleand livestock.Animalswillgainsignificantly
moreweighton rootcropsthan iftheyweregrazinginpastures,Yourrootcropfieldsactas a sort
ofcaloricstoragesystem:Theycanbeleftin thegroundand harvestedas neededfor thenexttwo
years.Rootcropsaren'taffectedbyweeding,sousethisopportunityto ridyourfieldsofunwanted
weeds.Bytheway,youcanutilizethisextrapasture landbygrowingmorecereals.

PLANTS

To do this,you must changethe plantsyou growannuallyaccordingto the rules

of crop rotation: interchangesoil-depletingcerealswith legumes,which saturate

the land with nitrogen,and growroot crops forboth animalfeed and personal

consumption. Thisapproachwillprovideyou and your livestockwith food,

which in turn willprovideyou with milk and meat.And livestockmanure even

rejuvenatesthe soil.An added bonus is that crop rotation disrupts the lifecycles

ofpathogens and plant pests,preventingthem from flourishing.

Thenextyear,plant legumesiin thesesamefields— peas, beans,lentils,annual clover,
soy,peanuts.Theywillrestorethefertilityofthenutrient-depletedsoilbysaturatingit with
nitrogen.Thecropcanbeusedtofeedlivestock,and ifthereisa surplus,plowit intotheground,
whereit willfertilizethesoilfor nextyear’scrop.

Wheatand rye (page54) areyourmaincrops.Theyshouldbesownimmediatelyafter
thelegumes,whenthesoilisat peak nutrientdensity.Thesecropshavewintervarieties,
whicharesownin winteras opposedtospringsotheygerminateearlier.Plant them
inpreviouslyharvestedfieldssoyourlandwillnotstandidle.

$2



PLANTS CROP ROTATION

Good fertilizersproduce largeharvestsand sustainableyields.Yourbest fertilizer

factoryisa compostpit. Food waste,harvestbyproducts and evenexcrement

(asourceofnitrogen,phosphorus andpotassium)canallbe addedto the pile.

Butit isimportant to processthem correctlyor the cycleofpathogenicorganisms

willbe a closedloop,which can causean outbreakofdiseases.Coverthe feceswith

sawdustand straw,leavefor sixmonths or ayearand stir regularly.Decomposed

sawdustincreasessoilfertility,improvingits airpermeabilityand moisture capacity.

To speedup the decompositionprocessin the pit, dampen everythingwith water

and turn it into a slurry.

Fertilizersappliedinearlyfall willdecompose
moreslowly,whichisgoodfor improvingsoil
fertility.Peat mixedwithlimewillimprove
thesoilstructure.

Plants need certain substances at different stagesof their lifecycle.During

the germination period, they need phosphorus; during the active growth

period, nitrogen; and in preparation for winter, potassium. Sludge containing

the rotting remains ofvegetation and marine organisms will act as a powerful

growth stimulator, and manure and bird droppings will act as a source
of nitrogen. Plants will receive phosphorus and calcium if you sprinkle

them with powder obtained from boiled and ground animal skeletons.

Many of these elements are also contained in common ash, which can be

used as a compound fertilizer, as it also contains magnesium, sulfur, boron,

manganese and other elements that plants need.
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athering grainsis allwelland good, but to feed a largenumber

ofpeople,you'llneed to growyour own cereals(page54) and other
crops. The most important step in this process is preparing the soil.

If you try to do this on your own, you'll be left digging from dawn until dusk.

Youneed a plow. It can transform a dry patch of overgrown weeds into

an excellent crop field in the blink of an eye. The plow allows you not only

to eliminate weeds by severing their roots and turning over the soil but also

introduce nutrients into the soil and improve drainage and aeration.

WORKING PRINCIPLES

The basicprinciple of the plow is that it cuts both verticallyand horizontally

through the ground and rolls this whole sliceof topsoil over upside-down.

This allowsyou to get rid of weeds, distribute fertilizersthroughout the soil

and improve aeration. The sock (1), or share,of the plow cuts through the soil

layer.The degree of rotation depends on the shape of the bent upper part
of the share, known as the moldboard (2).

\
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PLOW STRUCTURE

The plow frame (3) is equipped with handles (4) and a drawbar (5) to which

a support wheel (6) can be attached. It will simplifythe plowingprocess.Iron

plowsharesare triangular and attached with bolts.Afterplowing, levelout
the furrows and ridges, scatter the seeds and wait for the harvest! Remember

to weed, watch out for pests, fertilize the soil and water your seedlings.

\
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PLANTS PLOW & TOOLS

To cultivateand harvest the land, you need more than a plow.

COMBINE

Workinga fieldrequiresa whole varietyof tools.
Most of them will be rendered far more effective

if you attach a power source. Mechanize the process

by creating a base structure onto which you can

install various pieces depending on what job you

need done. Let's say you are out of luck: The soil

is full of stones, and the plowis constantlybreaking
and becoming dull.-Thesolution is a chisel (1).
It is attached in front of the plowshareand prevents
damageto the cutting edgeof the blade.

Try combining severaldevicesinto one super-machine,perhaps
one that runs on steam (page 242).

|
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Youcan evenmake it retractable, slidingforward

and back asyou sewyour seeds.The skimmer (2)

chops offthe top soil layerwith the plants and

places it in the bottom of the open furrow.Thiswill

facilitatethe work of the plowshare and extend its

life.The harrow (3) will allowyou to levelthe soil

afterplowing and coverthe seedswith dirt. Youcan

also opt for wooden plankswith protruding spikes.

To coverlargeareas,use the seeder (4) —

a mechanicalseedspreadingdevice.

ee

Take a wheelbarrow with a grain box and connect it,

via a gear system (page 162), to one of the wheels,

which will rotate the roller in the bottom of the box

so that the seeds fall evenly. Add the thresher (5) —

a rotating drum with soft blades that separates

the grain from the chaff and straw during

harvest time.



a te aa

he circle of life exists in delicate balance, and one ill-conceived action

could have unforeseen consequences. Remove a single grain and the

whole pile comes toppling down, sendingripplesthrough time and

changingthe world beyond recognition.Birdsstealingthe fruits ofyour labor?
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TR PLANTS

Be wary of scaring them away,lest your fields be overrun with rodents and

insects that cause even more damage to your crops. When waging war against

pests, you must be careful not to upset the natural ecosystem. Maintain balance

by learning about the lifestyles, habits and fears of the critters crunching on your

crops and use this information to develop an action plan.



PLANTS SCARECROW & MOLE TRAPS

If you have a source of running water near your field, carve a rocker arm

out of a segmented bamboo stalk pivoted slightly to one side of the balance

point. The back end should rest on a hard surface, like a rock.

As the hollow bamboo stalk fills with water, the tube's center

of gravity moves past the pivot point. As the tube topples over

to dump out the water, the heavier back end smacks against

the rock, creating a loud cracking noise that scares away birds.

SCARECROW

Everyoneknowsthat nature'smost frighteningpredator isman.
Takeadvantageof this reputation by placinga human figureona pole
in a field. You can decorate it with all sorts of trash that moves or rustles

in the wind or shiny objects that glint in the sun. Moving mechanical elements

willmake your scarecrowevenmore intimidating. Move the pole to different

locations around the fieldto keep the birds on their toes. Or make more

scarecrows.But the main predator birds have to contend with is other birds.
If you haven't had the chance to train a pet falcon to chase away the smaller

birds picking at your crop, you can make a serviceable imitation using a kite.

And humans aren't the only creatures prone to superstition. Scatter fake dead

birds around the field and the living ones will want to stay far away.

FIGHTING MOLES CHEMICAL TREATMENTS

Set the trap by threading the catch ring (4) through the opening in the end Powderymildew(a type ofmold) is the scourgeofmanyplants.Spraying
of the metal firingarm (2) then mount the arm on the catch (3). In this with naturalantifungalscanhelp.Crush limestoneand burn the powder
position, the tension spring (5) keeps the arm under tension. When the mole at 900-1200°C. The substanceyou're leftwith is calciumoxide,otherwise
sticks its head through the entry ring (1), its nose willpush againstthe catch known as quicklime.Carefullydissolvea kilogramofquicklimein 50 liters
ring, sliding it to one side and releasing the catch. This presses the mole’sneck —_of water. Then take a kilogram of copper sulfate,which can be obtained

against the bottom of the entry ring, rendering it unable to move. by treating copper with concentrated sulfuric acid heated to 60°C. Dissolve

this in a small amount of hot water then add cold water to 50 liters.

1. Entry ring 4. Trigger Mix this with the quicklime solution.
2. Firingarm S. Tensionspring
3. Catch

Pe3:



fine beverage that warms the body and

heals the soul. Although every drop

f wine is made from fermented grape

juice, not just any grape is worthy of becoming

wine. A bottle of wine combines a winemaker’s
skill with the spirit of a location.
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RAIN
Grape vines can’t survive on groundwater alone.

They also need rainwater, which gives the wine

the necessary acidity fora fine, balanced flavor.

Therefore, the drier regions of the world produce
heavier wines.

SOIL

The type ofwine you produce is heavilydependent
on the soil you have to work with. Brown soils (I)

are good for sparklingand table wines. Podzolic,

or ash gray,soils (II) are good for light tablewines.
Humus-carbonate (II), a shallowsoilformed

over limestone, is awinemaker's dream. Thissoil

produces high-quality sparklingwines, aswell
as thin vodkas, brandy and armagnac.

The grape is a tiny miracle, a secret haven for

nature’spowers. Once poured into a glass, these

powers reveal themselves in a deep, complex

bouguet of flavors,delicious and distinct.

PROTECTION

FROM THE ELEMENTS

Locatingyour vineyardon the side of avalleyor hill

willoffergood drainageand protect your precious

vinesfrom frost and wind. But makesure you pick
the correct side (towardsthe equator) formaximum

sunshine: a south-facingslope in the northern

hemisphere and a north-facingslope in the southern.

In order toproducewine,thevinemustsufferfor itsart.
Ifyou don’tprune (trim the topparts of theshoots),the bush
becomeslessfrost resistantand thegrapeswillwitherand
die.Themostimportant thingto considerhereistiming,both
byseasonand byyear.Youngbushes(1-3 yearsold) should
bepruned in thespringwhenthereisnosapflow.Vinesfour
yearsand olderare readyto bearfruit. Thevineshouldbe
pruned whentheshootsare longerthan 1.2-1.5 m.

Sandysoil (IV) allowsthe vine to accumulatesugar,

imbuing lightwines with a delicatebouquet and
makingthem easyto blend. Sierozemicsoil (V), —

white-greydesert soil,makesstrong sweetwines.

Barrossoil (V1),rich in gypsum and carbonic lime,
is used for fortifiedwines. Pink soil (VII) is for

dessert and liqueur wines.

PLANTS
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SUNLIGHT
The warmth from the sun’s rays creates a sweet

and spirituous wine. The more sunlight a grapevine

absorbs, the more sugar is packed into its fruit.

During fermentation, this sugar turns into alcohol.

1800-2000 hours of sunshine per year will make

for a harvest of beautiful, fully ripened grapes.



PLANTS WINE

MAKING THE WINE

To make wine, start with a hand-picked selection
of ripe, dry grapes. Crush them and leave the resulting

juice to ferment. The yeast fungi that thrive on the grapes’

skins turn the sugar into alcohol and carbon dioxide.

Once the alcohol concentration reaches 15-18 percent,

the yeast dies and the process of fermentation

comes to an end.

Then, with great care and without lifting the sediment, the wine

is poured into oak barrels and left to infuse for up to two years.

A less patient winemaker may choose to immediately pour the wine

into any vessel of his choice that is corked with oak bark.

Both wine-making and wine-drinking are artforms in their own right.

Wine is the drink of the gods, created to stimulate the senses. But too much

wine will throw your body out of balance, and instead of highs, you'll start

to experience crashes. Your emotional state will take a nosedive,

and you'll fall into a depression.

Wine can be slightly acerbic. This tartness comes from

tannins, a substance contained in the grapevine, seeds

and skin. Tannins bind to the proteins in our saliva,

causing a feeling of dryness in the mouth.



nsome societies, the availability of tea makes or breaks a civilization.

Tea is an incredibly valuable herb, and entire empires have built their

economies around the tea trade. The theine (caffeine in tea) acts

as a strong stimulant. But tea is a lot more than just an energy drink.

The full range of tastes and characteristics is revealed only to the most

seasoned connoisseur.
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PLANTS

A sensitivity to subtle nuances in flavor can

be developedthrough training.Thispractice
of mindful tea consumption is called a tea

ceremony. While the rituals and level of ceremony

may vary, the underlying principles remain the

same: a respect for the drink, care in preparation

and special attention paid to the aroma and taste

during every step of the process. Unhurried and

precise movements. Silence and full concentration

on the present moment. Tea ceremonies may last

over an hour, giving you time to pause to break

the cycle of everyday life. In the end, rebuilding

civilization can wait because the journey is far

more important than the destination.

For blackand oolongteas,thefirst batchoftea isoften
discarded,and the beverageisonlyenjoyedafter thesecond
steeping.Forgreenteas,thefirst steepisoftenlighterand
morearomatic.Toexperiencethefullflavor of the tea,you
needto roll it around onyour tonguebeforeswallowing
so that it covers all of your taste buds.

Oneof the biggestsecretsto makinggoodtea is timing.
Thishas the biggesteffecton the taste,Tealeavesharvested
at thepreciserightmomentarepriceless,but ifyouwait
afew days,you'releftwitha mediocreproduct.



Black

Water100°C
Steep3-5 minutes.

Black, green, white... all these teas are varieties

of Camelliasinensis.Differencesin aroma, taste and
effecton the body depend solelyon the way
the leaves are prepared. Your timing must be exact!

Without cultivation, the tea bush grows up to 10

meters. Don't let this happen. For the perfect tea,

the top two leaves and a bud between them will do.

The rest produces tea of a lower quality.

I. DRYING

Spread the leaves across a cloth in awarm room

for 6 hours so that they wilt (lose part of their
moisture and become softer).
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White

Water80°C
Steep1-3 minutes.

II. FERMENTATION

Fermentation is a biochemical reaction and

involves oxidation of the tea leaves. The type

of tea you get depends on this step of the process.

A long fermentation produces black; green has
a short fermentation period that is stopped
forciblyby heating; white is not fermented.
Roll leaves in the hands until they become sticky

and curl up into a tube. Then stack 7-10 cm high

in a container and cover with a damp towel. Wait

about 8 hours, making sure to keep the towel

moist. The strong smell of tea is a signal that the

fermentation process should be halted using heat.

ee

Green

Water75°C
Steep1-3 minutes.

III. ROASTING

Roast the tea in an oven at a temperature

of 90-95°C for about an hour, and then lower

the temperature and allow it to dry completely.

IV. DRYING

Place the trays of tea in the sun. For white tea,

this is the only step in the production process:

The leaves are wilted and immediately dried

to prevent the tea from fermenting.
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uman memory is structured in a curious way — certain aromas Fill your home with the scent of fresh coffee, and no matter where you are,

arouse intense emotions connected to past experiencesassociated _ everytime you brewa cup, it willbring up all the good memories and feelings
with that scent. Bypreserving your happiest, coziest and most associated with home. Every sip will fillyour body with a sense of well-being

comforting memories in the form of a scent, you can pull them offyour and peace.
memory shelf and enjoy them at any moment.

LOCATION v @)
The ideal location for growing coffeeis warm and humid, yy

with dappled sunlight and a stable temperature (17-23°C).
Coffeeplants prefer loose, fertile,well-wateredsoilwith good acidity. Q
High-altitude coffees taste complex and acidic, while lower altitudes

produce more aromatic varieties.

COFFEE SHRUBS

Sprout your coffee seeds in a planter. After a year, transplant

the seedlings into the ground in an area with low wind.

Find an area surrounded by larger trees to provide shade

from direct sunlight. The tree will bloom in the third year,

and by the fifth year, it will start producing red berries.

Don’t forget to prune your shrubs to keep

them no taller than 2-3 m

for easier harvesting.

PROCESSING THE BEANS

Wash-processed coffees tend to have a pronounced sourness,

while dry-processed beans are sweet. For wash processing (1),
you need a depulper (1), an iron box containing a roller with

teeth. The berries are squeezed between the wall of the box and

the roller, freeing the coffee beans from the pulp, which then falls

through to the bottom of the container. After this initial cleaning,

soak the beans in water (2). Any excess pulp will be removed

during the fermentation process.

For natural or dry processing (II), leave the berries to dry

in the sun (3), periodically turning to prevent mold from

forming. This takes more time and sunlight than the usual

method. Once dry, separate away the pulp and roast the beans
in a rotating drum (4) over a fire. The roasting process affects

three key characteristics of the coffee: acidity, sweetness and

bitterness. The darker the roast, the less acidity will remain

and the more bitter the coffee will be.



PLANTS COFFEE

Coffeeisa stimulantusuallyconsumed
for itsenergy-givingproperties.Ifyouwant
tomaximizeitsrevitalizingeffects,take
a 20 minutepower-naprightafterdrinking
yourcupofjoe.You'llbenefitfrom thesleep
beforethecaffeinekicksin.Caffeineblocks
theactionof thesignalingmoleculeadenosine
in the brain,whichmakesyoufeelfatigued
and drowsy,and socaffeineinvigorates
themindand helpsyoustayawake.Caffeine
alsocausesincreasedlevelsofdopamine
in therewardcentersofthebrain,which
meansthat it deliversa mildhigh,
but it’salsoaddictive.

MOYKA POT

If you're too groggy in the morning to even make a cup of coffee, you can Now, place the kettle on the fire. As the water boils in the lower tank, it turns

entrust the process to a coffee maker. You'll need a container with two into steam, increasing the internal pressure and pushing the water up through

detachable parts and an air-tight seal. Fill the lower tank (1) with water. Hang the funnel. It then passes through the coffee in the mesh filter, absorbing its

a funnel (2) from the top of the lower chamber. Pour the ground coffee into flavor and aroma, and shoots out the upper funnel (4) to collect as an espresso

a mesh compartment (3) between the two tanks and attach another inverted shot in the upper chamber (5S)ready for pouring.

funnel (4) on top.



PLANTS

flavors. It can unify two otherwise incongruous tastes: sweet and salty, Plant the shoots in the shade of tall trees to protect the cacao from direct

a he secret to chocolate’s power over people lies in its ability to balance Collect ripe seeds from the wild cacao tree and sprout them in bamboo tubes.

bitter and spicy. Chocolate creates harmony and is an excellent way sunlight and wind. Trim the ripening buds off the plant until it reaches the age

to store energy. Plus, it makes people happy, which is valuable in and of itself. of five so the tree will be heartier.

)

Peel ripe fruit away and extract the seeds, otherwise known as cacao beans.
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Dry them in the sun then roast them over a fire or in an oven. The outer hull

Remove the pulp, spread the beans out on a sheet of banana leaves and leave of the seed will burst and can then be peeled off. Grind the beans into a thick

covered for a few days. Shuffle them around regularly, and after two weeks,

the cacao seeds will darken and gain flavor and aroma.

cacao paste.

(68)
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Cacao paste is the base of any chocolate but white (which uses cacao butter

but no cacao solids). It needs to be stirred continuously while being cooked

for about five days at a temperature of 85-90°C. This will make the mixture

homogeneous, evaporate excess moisture and get rid of any extraneous odors,

allowing the pure chocolate aroma to shine through.

Here's how to make chocolate bars:

1. Melt the cacao paste until it becomes a liquid at 42-45°C. Youshouldn't

raise the temperature too high, or the paste will lose its elasticity.

2. Cool to no more than 31°C and bring out your cacao butter (obtained

by squeezing cacao paste under a press). At temperatures up to 25°C,

cacao butter is hard and brittle, but at 32°C and above, it becomes a liquid.

You want to use the solid version.

3. Break your cacao butter down into small granules and mix them into

the cacao paste. Dip a knife into the mixture. If you did everything correctly,

within one and a half minutes the chocolate mass on the knife

will become dull and harden.

CHOCOLATE & CACAO
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4. Pure cacao paste is aromatic but very bitter. Add powdered sugar.

Pour in milk or cream to make milk chocolate.

5. Pour the finished chocolate into molds and refrigerate.

You can change the ratio of bitter to sweet or mix in other ingredients such

as nuts, fragrant flowers and freeze-dried berries. Or spice it up with cinnamon,

vanilla pods, cardamom — even pepper and sea salt. Substitute almond, coconut

or rice milk for animal milk or honey for sugar.

Thanks to the cacaobutter, the mass crystallizesand hardens but melts upon

contact with your tongue, releasinga fullbouquet offlavorsand aromas.

Youmight alsogrind the roasted beans into a powder and add hot milk,

sugarand spicesfor a fortifyingpick-me-updrink.
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ifficultieswith the geography,soil quality,climate,weeds and pests It’spossible to have large-scaleproduction of cereals,tea, grapes,vegetables

can all complicateyour work in the fields.But this is no reason and herbs without fieldsstretching out as far as the eye can see.Economize
to forego agriculture altogether. on valuable crop space by setting up hillside terraces or buildinga vertical farm.

If the terrain is hilly,place mini-fieldson the slopes in the form

ofbroad steps. Construct claybumpers around each terrace,

or the layerof fertile topsoil will quicklybe washed away.

While you're at it, dig irrigation channels with openings
for drainage.Growa differentplant everyyear to avoid soil

depletion. Switchout tea for grapes then grapes for corn

and so on. Periodicallyplant Azolla,an aquatic fern —
its roots host a bacterium that can absorb nitrogen from

the air and convert it into a form suitable for plants.

It is an excellent natural fertilizer.

FLOODED FIELDS

Growing rice will require that you havea river or lake nearby to irrigate your

crops by gravity via canals or hoses. Rice shoots must be protected from strong

direct sunlight and weeds. This crop requires a lot of water, but the water level

should still cover less than half the plant. To avoid unnecessary waterlogging,

drain water from time to time through a canal system.

Threshthehuskfrom
thegrain.Tomakebrown

Keepthefieldfree ofweeds ricewhite,sand thegrains
(suchas reedsand sedges). Ricewillripen byrubbingthemtogether.
Youcan eitherwadeknee- in 3-4 months,When Thiscanbedoneina mortar

Soakyour riceseeds deepthroughwaterall day it reachesabout40 cm ora rotatingbarrel.Justkeep
Beforeplanting rice,flood in water,Youcanplant them _ gettingyourfingerspruney, in height,drain thewater in mindthat whilethiswill
yourfieldpreemptivelyto in thegroundafter12 hours __ oryou can introduceducks or let it evaporate.After Riceearscan becut improvetheappearanceand
washawayany unwanted ofsoaking,but it isbetter andfish into thewater.They _acoupleofweeks,the rice orpluckedout whole digestibilityoftheproduct,
seedsandpreventweeds towaituntilsprouts willeat harmfulinsectsand __ willturnyellow,a signthat withthe roots.Dry it willreducethenutrient
fromgrowing. are around2 cmhigh. weedsandfertilize thesoil. it’sreadyfor harvest. theearsfor 2-3 days. content.

RICE

Rice can replace bread and other grains as the basis of your diet. The grains can The bran — the stuff that remains after the grain has been cleaned — makes

be used to make starch, flour, alcohol or wine. Rice germ makes oil, and rice good feed for livestock and poultry. By the way, the ducklings and fish you

straw works well as paper pulp or mattress filler. Rice flour can also be used raise in the paddy fields can also become the protein in your meal.

as the foundation of many cosmetic products, such as powders, blushes

and oils, which in turn can be made into creams and scrubs.

ee ee lL le
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PLANTS RICE & HYDROPONICS

VERTICAL GREENHOUSE

Fear neither inclement weather nor nutrient-scarce soils by creating your own

ideal ecosystem. Arrange the plants on a moving carousel that raises and lowers

the plants to ensure that each one receives an equal amount of light and water.

1. Substrate

Instead ofsoil,you can use coconuthusk or shredded tree bark and immerse the roots directly

in a substrate solution containing all the necessarynutrients. This way, theplants don’t need

to expendenergydevelopinga largerootsystemand caninsteadfocusonripeningthecrop.

2. Water

Placeyourwatercontaineraboveyourplantsand usegravitytopush thewaterthroughyour

irrigationsystem.Drawthewaterintotheirrigationcontainersusingapump (page162).

3. Light
Ifyousetupyourverticalfarm in a roomwithglasswalls(page114),youcanget by

withnatural light.Installmirrors(page182) to reflectlightontotheplantsfrom all directions.

Installa wiregrid to redirectgrowthhorizontallytopreventplantsfromgrowingtoobroad

and shadingtheirneighbors.Thisalsohelpsstimulatethegrowthofnewbuds.

4, Air circulation

Ventilationisrequiredtocontrolhumiditylevels.Thatbeingsaid,plantsdon’tlikesudden

temperaturechanges.Toensurea comfortableenvironment,makea waterheatingsystem

(page156).

Glass covering

Mirror system

Water cistern

Well

Irrigation pipes

. Ventilationshafts

Plant carousel
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ANIMALS

ime management is vital in extreme conditions, and a single second can _Themain concept behind any trap is the same: There's an entrance but no exit.

make the difference between survival and demise. Instead of crafting No complex tools or materials are required — nature already has everything

weapons and spending hours (or even days) on the hunt, you can set you need. The most important part is deciding where to place your trap.

traps and complete other important tasks while you wait, such as chopping

wood, fetchingwater or building shelter.

WOLF PEN

To catchpredators who havebeen attackingyour herd, drive long stakes into

the ground, creating two circularfences.The diameter of the inner ring
should be 3-4 meters and should be solid and unbroken. The diameter

of the outer ring should be around 45 cm larger.Install a gate in the outer ring,

one that swings only inward. The wolf willbe able to move forward freely down

the narrow corridor but unable to turn around. Lure the predator into a trap

with livebait — a goat kid, a goose or a piglet.

X NY NAN
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ANIMALS TRAPS

Are fliesspoilingyour food? Start by making abox. The bottom wallof the box

shouldn't be flatbut should rather form a pyramid stickinginto the box with
a hole at the top. Insects will be able to flythrough the hole but won't find their

way back out again. Place some sort of meat in the box as bait, preferably
not too fresh.

aN
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GROUSE PIT

Dig an angledpit with an opening wide enough that a grouse can crawlthrough.

On the bottom, placebait such as rowan berries, lingonberries or cranberries.

The grouse will crawlinto the hole after them but willnot haveenough space

to turn around and spread itswings,and it’sincapableof walkingbackwards.

KULEMA TRAP

This trap works for catching any foxes or weasels that may be stealing your

chickens. The trap consists of two parts. The main technical components

are the stick that keeps the upper part of the trap suspended, the notch it

fits into and the bait. Grouse meat makes for a particularly tempting treat.

As the animal tries to snatch the meat, it nudges the stick, releasing the upper

long, which then falls and crushes the prey. Many different kinds of traps can

be made using this basic principle. For example, instead of using a stick to hold

the log, try using a rope. Just be sure that the animal will nudge Wy
the trigger as it tries to take the bait.

TENSION SNARE

Set a trap for foxes that are raiding your garden and killing your rabbits and hares.

Drive a peg into the ground and make a notch somewhere in the middle.

Tie a self-tighteningloop (page212) to a flexibletree branch (or long stick).

Bend thisbranch downward,cut a smallnotch in the end and latch the branch
into the notch in the peg.Placethe loop in a spot that you suspectgetshigh fox
foot traffic.As the foxsprints alongthe trail,it runs through the snare,triggering

the spring-loadedbranch and tighteningthe noose around its neck.

MOUSE TRAP

Dig a hole about 30-45 cm deep. The bottom should be wide and the entrance

narrow. Make a "roof" over the entrance from a piece of bark or wood on

supports made of small pebbles. The mouse will try to hide from danger under

the shelter and fall into the hole. Since the wall of the pit is at such an extreme

angle, the mouse won't be able to scale it.

CB)
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ans ofhearty and nutritious food should master the art of the quiet hunt: _ But be carefulyou don’t get hooked yourself —on dopamine. The thrill

fishing.Only in rare casesdoes it become truly dangerous,asmost often _ of reeling in your reward can turn fishingfroma necessity to a pleasurable

the fishermansitson the shore and waitsfor the fishto bite. pastime.

To crafta fishingrod, you'll need a long stick made ofbamboo or flexiblewood,

such as birch,willow,bird cherry or maple.Attacha fishingline of interlaced
silkthreads (2) to the rod (1). Fasten the barbed hook (3) to the end of this

line.The hook can be made from bone or metal.Now bait your hook. You'll

alsoneed a sinker (4) made of pebble or iron that willhelp the hook sinkbelow

the water’ssurface.Tie a bobber (5) made of bark or cork a short wayup
the line from the hook. When the fish tries to take the bait, the bobber

will begin to move, giving a signal that it is time to reel in your fish.

a

REEL

If you want to fish far from shore, add a reel (6) to your fishing rod. Wind a silk

fishing line around it, tie ahook to the very end and attach your bait. When you

cast your hook, the drum spins, releasing the wound line and making it easier

to propel the hook over a long distance. To prevent the line from tangling when

the bait splashes down, install a brake lever. The lighter the reel and the lower

the friction force on the axis of rotation, the farther you can cast the bait.

You can rotate the handle to retrieve, or slowly reel in, the baited hook

to attract the attention of fish.

LURES

Predatory fish feed on smaller fish, so using a small metal plate can imitate Mix live bait, such as bloodworms or maggots, with clay.The fish will be

the flash of scales. Lures (7) can also be made to imitate water beetles, leeches _ lured in by the scent. You can add vanilla, cinnamon or dill to the clay. It is

or crustaceans. You may also want to use real food as bait. Tie a small cage important to practice moderation and not overfeed the fish. The task of bait

filled with bait, known as a feeder (8), next to the hook. If you're fishing is to attract the attention of the fish and lull them into a false sense of security.

in stagnant water, you can use bran, bread or steamed cereals. If you're fishing You can also attach the bait ball directly to the hook. Bend the metal wire into

in a river, you'll need something denser and stickier. a spiral (9) and mold the ball around it.

Oiew),
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TRAPS AND NETS

Ifyou need to catch a lot of fish and feed a large Lay half of the lengths of thread in a line parallel Thebesttimetocatchsquidisat night.

number of people, you'll need bigger traps. Make to each other, and then lay the other half on top Theyrespondverywelltoluminousobjects,

a simple version using a woven basket (10) filled perpendicularly. Secure each intersection with soyoucanhighlightthebaitbypointing

with bait and immersed in water. Nets (11) willhelp a knot. Construct levers (12) out of wooden poles aflashlightat it.
you catch even more. To weave them, you need to make it easier to raise the net.

to cut wound thread or rope into long pieces.
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ta certain stage of development, you will be faced with a difficult

question about the ethics of eating livingbeings. Fortunately, the need
to survive makes some decisions easier. Enjoy the advantages of being

at the top of the food chain, but treat the animals you kill with respect and

don’t waste any part of the body.

1. Hollow horns can be used to make musical instruments

and wine goblets.

2. The brain shouldn't be used for food, as the risk of contracting disease

is too high, but it can be used for tanning leather.

3. The guts and veins aregood

for makingbowstrings
(page 258) and strings

for musicalinstruments
(page338). To do this,

thoroughlywash

the intestinesand veins,

scrapeoffthe external

membrane and anyexcess

fat,soakin coldwater and cut
into longstrips.Then stretch %

and twist them until you get strings

of the desiredlength and thickness.

4. Boilthe bones to makeglue (page 140)

or grind into bone meal,which is
an excellentfertilizer(page 56). Ifyou burn

the meal,the resultingash canbe added
to white clayto obtain bone china — an extra
thin and durabletype of ceramic(page 136).

f=

5. Hooves make for a rich stew, and the hard outer shell,

or sheath, can be carved into small trinkets such as buttons,

combs and ornaments. To remove the sheath, immerse

the hoof in boiling water for an hour. Drain and place a weight

on top of the hoof and let it cool, and then remove the remnants

of the skin and soft tissues. Treat the sheath with a knife,

fine-toothed or coarse files.

6.

ANIMALS

Fur is an excellent heat insulator

and produces fur coats that

can withstand severe frost

(upto -60°C).

. Leather is not only useful for shoes,

pants, bags, gloves, raincoats and

furniture. It is a strong, very durable

material and can be used to make

drive belts for various mechanisms

(page 242). The skin of young lambs,

goats and cows can be used to make

parchment. It can be used in place

of paper or stretched into a skin for

percussion instruments (page 332).

8. Blood is a valuableraw material. It’srich

in protein, vital amino acids,phospholipids,

iron and other substances that playan important

role in how our body functions. Youcan use it
to make smoked (page 98) blood sausage.



ANIMALS LEATHERCRAFT

After you have removed the skin from the carcass of the animal, you need

to thoroughly clean it of any meat and blood remnants. Soak the hide in saline

first to make this process easier. After that, the skin needs to dry as quickly

as possible, so stretch it between two poles and leave it to dry in the sun.

Remove the hair using a process known as liming, during which the hides

are treated with lime and sodium sulfate. It is the reaction product

ofsodiumhydroxide(page24) withsulfuricacid(page192).Lime
is obtained by roasting calcium-magnesium rocks — chalk or limestone.

You can also use a saline solution at a ratio of 20 grams of salt Suet "

to 1 liter of water. Soak the skin in the solution for several days, asp)

turning it over from time to time. After this procedure, any ri \ \

hairs and residue of subcutaneous tissue can be easily

removed. After curing, many substances will remain

in the skin that must be disposed of. To do this, rinse

the skin in a soda solution (10 g per 1 liter water).

Then rinse your skin with clean water several times.

Ifyoudo not haveaccesstoanyof thesourcesoftannin
below,stretchthehideacrosspegsand rub withit amixture
ofurineand clay.Leaveitfor a whilethentreat withfat
or oil, scrape and smoke it over a fire.

= EEESS e™
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Leather becomes more wear-resistant, heat-resistant and resilient if tanned.

Extract tannins from oak, willow, spruce and larch woods or from the growths

formed on oak leaves. Another option is the fats of various marine animals.

Fill a rotating drum with a strong tannin solution and soak the hides.

Then squeeze out to remove excess water and repeat the process.

Now the leather can be rolled out, dyed, sanded, varnished and sewn

into the items you need.
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Makesureyourpigstyhasgoodlightinginthefall/winter.
he domestication of wild animals is a transformative step in any Pigs needregularsunexposurefogain weight.Tojormfar

civilization’s history but carries with it an ethical dilemma. Livestock and improvethetasteofmeat,add lakesludgeto thefeed—
will provide you with food, materials and clothing, but you have it containsthenecessaryelements:copper,

F sea calcium, zinc, sulfur, magnesium.
to restrict the animals’ freedom of movement, suppress their natural instincts y Bin,sulle rhage

and even artificiallyalter their birth rate and life expectancy. It’shuman nature

to seek as much profit as possible. But it's only humane to create the most

comfortable conditions for those who spend their

entire lives (and beyond) working for you.

Many diseasesin livestockare caused
byinsectbites.Themostvulnerableplace
ona cow'sskinis theudder.Treatit
with a creamoflaurel,menthol
and eucalyptusessentialoils.
Thiswillrepelinsectsand soften
theskinoftheudder,whichwill
keepitfrom cracking.Thatmeans
yourcowwillhavea consistently
highmilkyield.

Standinginoneplacefor a longtimemakes
thehorse'shoofsoft.Becauseofthis,thecornified
hooftissueisquicklygrounddown,whichcauses
pain.Strengthenthehoovesbynailing
horseshoesto thebottomtoprotecttheliving
tissue.Theinnerlayerofthehornywall
ofthehoofisdelineatedbya clearlyvisible
whiteline.Thistissueis insensitiveenough
to drivenailsinto.

Each barn must contain drains for urine that lead to an under- A mud pit is a necessity for anyhog farm. Pigs don’thave
ground container surrounded by concrete.Youcan make organic _ sweat glands, so they need to wallowin mud to effectively

fertilizerfrom manure and water the fieldswith urine. The feed regulate their body temperature. Chickens need an ash pit
storage room must be protected from moisture. Most livestock to clean their skin and feathers of parasites. But make sure

can eat hay, silage, legumes and grains. Feed birds birch branches __ to dilute 1 part ash with 2 parts river sand and 100 grams

and nettle leaves in the summer, which will save them from of sulfur, as concentrated ash contains potash and soda

vitamin deficiency and allow them to fly faster in winter. that can irritate the skin and mucous membranes of birds.



ANIMALS LIVESTOCK

Sheepcan bequiteskittish.Graze themtogetherwith horsesorgoats to make
SELECTION suretheydon't run offat theslightestrustleof abush.Sheepcopythe behavior
To maintain your herd, you need to ensure it contains both males and females of otheranimalsand willfeel moreprotected.Sheepare quitehearty and can

of reproductive age. An effective way to raise animals with good meat, wool liveoutdoorsin temperaturesdownto -15C°. Any lowerthan that and they
and milkis to selectively breed them. Select the best members of your herd needa heatedroom.Sheephoovesare quitefragile,so thefloor must beplanked

with wood forthe flockto stay healthy.
and breed them using artificial insemination: collect semen and inject it into dle p

the female'scervixduringovulation.Alargesyringewilldo the trick.Share

biomaterialwith neighboringfarmersto help avoidinbreedingand make

—

the stock healthier. Vaccinate herds against rabies and other diseases.

If one animal falls ill, isolate it immediately.

Toensurea steadysupply Thewoolof thegoats willbethickerand
ofeggs,supplementyour ofbetterquality,and themilkyieldhigher,
chickens’dietwithsalt and ifyou treat thegoat'sskinwitha solution
chalkto maketheeggshell ofsodaat leastoncea week.Thisprevents
denser.Sourmilkand herbs parasitesfrom nestingin thewool.
makegoodfeedfor laying
hens.



ven during their short span of life,the fragilemoths are capable
of altering the course of entire civilizations. This is all thanks

to the unique threads created by a particular moth’scaterpillar stage:
the silkworm.Each thread is 40 times lighter than a human hair but has nearly

the same tensile strength as a length of steelwire of the same diameter.

ANIMALS

These threads can be woven into the finest fabrics with applications in

many different fields, from medicine to music to electricity. But producing

this material means cutting the already brief life of the silkworm short and

devoting your own life to the craft.
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SILK THREAD

To start, mate your silkmoths. They'll lay eggs around 2-3 days later (1), To keep the threads intact, place the cocoons in boiling water (6). Thiskills
and the larvae will hatch after 8-10 days (2). Move them to a well-ventilated the pupa and dissolvesthe protein sericin,which iswhat binds the silkthreads

area and keep them fed regularlywith fresh mulberry leaves.Around 30 days together. Now carefullybrush the cocoon to find the end of the thread. Once

later, the larvae turn into caterpillars.When they turn yellow and slightly you've done this with 6-8 cocoons, gather the threads together, pass them

transparent, they're ready to pupate (3). Provide them with a tray equipped through a hole in the middle of a plank ofwood and wind the threads around
with pegs at the bottom (4). Within 3-4 days, they'll start spinning their a spool.As you rotate the spool, the cocoons will unwind (7). Rinse the braided

cocoons around these pegs (5). A single thread can be up to 1.5km long! yarns in soapywater to get rid of any excesssericin and other substances then

At some point (usually around 15 days later) you'll have to interrupt this rinse againwith hot water.Now your silk thread is ready to use. It can be used

process; otherwise, a new moth will burst through the cocoon and render to make strings for musical instruments, thread for suturing wounds and

your efforts futile. winding for wire. You can also weave silk to make parachutes, sails

and even armor.

Thethreadofa silkwormhasa triangularcross-section,
causingit to refractlightlikea prismandgivingsilk
itscharacteristicshine.
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arge animalslike cows,sheep or chickensprovide many important
| products for us. But even some insects can be extremelyuseful too —

such as bees. Beesare the epitome of waste-freeproduction, and
everything they make can be put to use, including honey and wax.And they

do all this while also quietlyhelping surrounding plants reproduce by

pollinating their flowers.That’swhy a team of busy bees is amust-have
for any farm.

BEEKEEPINGPRODUCTS site
Wax can be used in the making of candles, cosmetics, = 3. Honeystomach

polishes, lubricants and even music (page 342). To obtain wax, a A4 4. Stomach

firstmeltthehoneycomb.Royaljellyisusedincosmetics.Itissecreted o Seni 0h
by the maxillaryglands of the so-called“nursebees,”which provide food 7. Stinger
for the queen and her young. You can collect the jelly from the frames where 8. Upperjaw withroyaljellyproducinggland

the larvae are being fed. The delightfully named “bee bread” consists 9. Waxglands

of balls of pollen and nectar stored in the honeycomb. An easyway to get

this delicious product is to freeze the honeycomb, remove the layer of honey,

grind the comb up and sift through a fine mesh. The frozen wax will fall away,

leavingbehind the hard granules of pollen. Bee pollen is the pollen not yet

stored in the honeycomb. To collect it, place a lattice with small holes
and a tray at the entrance to the hive. Some of the pollen will fall from

their legs onto the tray as they pass inside.

Propolis, or “bee glue,”has proven antimicrobial properties. Scrape

the propolis off the ceiling boards and frame attachment points. Bee venom

is used to treat the musculoskeletal system and the nervous system. In order

to obtain it safely,you'll need to annoy your bees. Expose the glassplates

under the beehive grates toa slight electrical current. These weak electrical

impulses will irritate the bees, and they will release their venom, which
I — workerbee

will remain on the plate. II — drone(fertilizesthequeen)

III— queen

CANDLE

Make a wick out of a twisted cotton thread and dip it into a bowl of melted wax. Another option is to make a candle in a clay or glass mold. To do this, fix

Pull it out and allow it to harden slightly then dip it back into the wax. Repeat the wick on the sides of the container and fill it with wax. This method allows

this process until you're left with a candle of the desired thickness. you to mix together different colors and scents.

(a)
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Make the back of the hive

out of transparent material

so you don't have to open it

to monitor its condition.

APIARY

You can search for hives in the hollows of trees and take what you need

from wild bees. Or dig artificial hollows yourself and wait for your apian

friends to arrive. But it’s better to build hives for your bees. Insert wooden

frames into the hive. The bees will use these as an underlying structure

to build the honeycombs in which the queen will lay eggs. Worker K yy

bees will bring pollen and nectar into these combs to feed their offspring. uf

In the lower section of the hive is the storage reservoir, where bees

keeptheir honey.

PROTECTION

Bee venom can also cause severe allergic reactions

TRAPS

Ideally, a colony will move into your hive on its own.

If it doesn't, place small hives with old combs cleared

of honey around the edge of the forest. Rub them with

mint or lemon balm — this will attract the bees.

When the wild bees settle into the trap, bring it to your

apiary. Don't forget to put a landmark near their new home,

and anaphylacticshock in some people. You'llneed

protection: glovesand a suit with a hood or a hat

with a veil.Bees can alsobe pacifiedwith smoke.

This instinct, developed to savethe colony in
the event of a forest fire, causes the bees to collect

such as a large branch ora stone on the roof, so that the bees honey in their honey sac. As a result, the abdomen

don't get lost during their first outing. If it's alargecolony, move them loses its mobility and the bees cannot sting.

into new hives or place new frames; otherwise, the bees will get crowded \ The smoke also masks the pheromones released

and leave.Only take the combs after the bees seal them with a layer of wax.
Never take the hive’s entire honey store all at once, as they need it

by guard and injuredbees.Therefore,your invasion
of the hivewillgo unpunished.

for nutrition and reproduction.

—————————EE———————
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n terms of nutritional value, small insects differ little from large

crustaceans and molluscs. They are rich in protein, unsaturated fats and

micronutrients necessaryfor humans. You'llneeda lot of them to feed

a family,but luckily,this problem is easilysolvedby raisinginsects instead

of collectingthem.
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Lookfor beetlesand theirlarvaein decayingtreesand underfallenleaves.Butterfly
larvae,pupaeand caterpillarscanbefound in livewood,undertreebarkor underrocks.
It iseasiertocatchcricketsintheearlymorningor lateevening,as theyare lessactive
whentemperaturesare low.

ANIMALS

Theyrequire a lot less space,time and effort than traditional livestock,

especiallyifyou focus on colonyinsects. Just don't go for termites! They emit

even more methane and carbon dioxide than cows,and most developed

civilizationsalreadyhave enough problems with greenhouse gases.

Cricketslovesweets,soyoucancatchthembyleavinga containerofsugarinthefield.Locusts
areattractedbylight,sotheycanbeluredusingaflashlightat night.Manyantscanbecollected
byloweringa stickintotheirnest.Youneedtocookyourantsassoonasyoucatchthem;
otherwise,theyreleaseacid,whichwillruinthetaste.

Crickets and their close relatives make the best substitutes for beef Keep

crickets by constructing a cricket farm with separate modules. The insects live

in one room (1) and reproducein the other (2). Thetwomodulesareconnected

bytubesthroughwhichthe insectscanmovefreely.Thecontainermustbe kept
at a highhumidityof70%anda hightemperature(3) (about35°C).

It is important to haveventilation (4), aswellasblackoutblinds (5) to control

the dayand night cycles,Pleasenote: Don’tput open water containersin your

farmor the cricketsmaydrown.Usedamp cottonwoolor a dampsponge
as a drinkingtrough.

Once the cricketsare old enough, they need to be moved to the breeding
room (2). One male is needed to fertilize four females. Place three such groups

in a container. When the crickets start chirping, they are ready to mate. Crickets

lay about 300-800 eggs over 2-4 weeks. Wait 10 days, and you'll get a new crop

of crickets, which can be served for dinner.
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Insects come ina variety of flavors and textures, many reminiscent of other

food products. Experiment with your bug-based cuisine! Fried wasps can

be used in place of pine nuts; spiders also taste nutty; worms can substitute

for sunflower seeds; grasshoppers resemble sardines; ants are like beef jerky;

young bees can serve as a substitute for smoked fish or oysters; and June bugs

taste like lobster.

Grasshopper and beetle larvae,aswell asbutterfly and moth caterpillars,
arebest fried in oil over an open fireuntil crisp. AndJunebugs make

an excellentsoup.

If aninsectisbrightlycolored,chancesareit’spoisonous.Thesamegoes
for many slow-movinginsects. They take their time because they're unafraid

of predators due to the toxins they contain. And never eat an insect that you

find already dead. Whatever killed it may have a negative affecton you as well.
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delicacyor peasant food?With oysters,this question is meaningless. Oysters are rich not only in protein but also in many mood-boosting substances,

A The delicatetaste and nourishing micronutrients make for an exquisite givingyoua slight feelingof euphoria. Ifyou want to enjoy the benefits of oysters

dish that can be enjoyed rawby both the highborn and the low.Allyou _ without relyingon the tides, make your own oyster farm.

need to do is to collect oyster shells in shallowwater at low tide then crackthem
open and enjoy a fresh bite of umami that comes with its own serving dish.

Oysters prefer seawaterwith a low salt content, so they liveonly in the intertidal

zone near river mouths. Find a suitable area along the river for your farm.

It should be 15-20 meters deep, have a flat bottom and moderate

current strength and be protected from waves.This is important,

sincea temperaturechangeof even 10degreescankilloysters.

Build an accessdock on stilts or usebuoys to keep it

afloat.Secure old shells to a long rope or copper

wire. This will giveyoung oysters that

wash in during breeding season

a foothold, allowing them

to cling to the rope.

Oysters don’t need to be fed, as they filter

plankton from the water. At the end

of summer, move the young oysters into

fine mesh bags. Spread these around
the bottom of the bay on 30 cm-high

platforms or in tiered cages. This will

protect the oysters from sediment

pollution and their natural enemy —

starfish. Clean the cages at low tide.

PEARL

Gently pry open the shellof a 1-year-oldoyster without

Oysters are eaten live.The shell of fresh oysters completelybreaking the hinge and make a small incision

is tightly closed and "rings"when tapped. Open it in the flesh.Placea grain of sand or a bead inside.The oyster

by sticking the tip of a knife into the flat side where willbegin to secrete mother-of-pearl from the mantle, the outer

the two shellsmeet, then twist the knife 90°. layerof its skin,to envelop the foreign object and protect itself.

When the shell opens, trim the muscle Pearlsusuallygrowa couple of millimeters everyfewmonths.

and remove the top shell. Smallpearls take about 3 years to form, while largeones take S.

(35)
CLSOO
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o need to drill wells and wait for gas supplies to travel from far

away if you have cows. They can be used as a source of natural gas.

Organic waste can also be turned into biofuel, which allows you

to get more use out of your food products.

The center of the entirebiofuel systemis the reactor (1). Fillit with anybio

waste (2) you wish to dispose of,Now inoculate the mixture with methane-
producing archaea(simpleunicellularmicroorganisms).The process is simple:

just grind up the digestivetracts of a fewcowsand add them to the bioreactor.

The gasproduced will flowthrough a systemofvalvesand reducers (devices
that reduce and stabilizepressure) into a gasstoragetank (3). Youcan

use this to fuelgasstoves,spaceheaters or hot water systems(4)
or gasengines(5) that powerelectricitygenerators(6). But first
you must purify the methane of carbon dioxide and water.

To do this, pass the gasmixture overquicklimepowder
or sodium hydroxide(page 24).

ANIMALS

In an anaerobic environment with a microbial presence, the waste will

ferment and form carbon dioxide and methane, which can fuel gas boilers

and stoves.

Becareful!Methane
isextremelyflammable

and mayform
an explosivemixture

withair.Therefore,
thebioreactorshouldbe
buriedundergroundand

insulatedusingseveral
layersofbricks

orconcreteblocks.
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Mineral diesel fuel consists of paraffinic,naphthenic and aromatic

hydrocarbons. Biodiesel is made from methyl esters of fatty acids.

Fatty acids can be isolated from almost any raw fatty material but

are most easilyderivedfrom vegetableoil.The idealchoice is rapeseed
oil,which is almost completely(96-98%) converted into biodiesel.

Vegetableoils are an ester of glycerinand unsaturated fattyacids.
To produce biodiesel,you need to replacethe glycerinwith methanol. m
The reaction requires some sort of catalyst— ‘Ma
for example,sodium hydroxide. Zz

To obtain methanol, slowlyheat pieces ofwood
in a covered container overa fire.Use only

_ wood from deciduous, not coniferous, trees.

{2
DWNee

Collect the vapors released in the process and

condense back into liquid. Methanol can be distilled from this.

Mixwith sodiumhydroxidein the reactor(1) and add the oil ina ratio

of 10:1.Thenpump the solutioninto the decanter(2), acontainer
where the mixture will separate into layers.The heavier glycerin
will sink to the bottom, where it can be drained and used in cosmetics.

In the next decanter,the almost completelypurifiedfuel is cleaned
of the remaining ethanol using a dissolvedcatalyst (3), which is then
returned to the reactor (1).

Now the biodiesel is ready. You can use it to run your equipment.

Unfortunately,you cannot storebiodiesel too longfor future use.

The bacteria inside completelydecompose the materialwithin a matter
of months, whichis,by the way,a veryeco-friendlybyproduct.
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FOOD

inding food isn’t easy, and preserving it is an even more daunting task _ Learn to manage the natural decay processes in these substances —

various destabilizing factors within the structure of the food rapidly denaturation and fermentation — and you'll open a world of tasty new recipes

break down the organic matter. But you know what they say: Ifyou that are much less tied to the whims of the seasons and the vagaries of nature.

can't beat ‘em,join ‘em!

BREAD

The grain, which starts out tough and unappetizing, undergoes mechanical,

chemical and thermal processes that transform it into acompletely different

product. The chemical and thermal decomposition releases substances that

make bread more nutritious than just grain alone. You can bake bread

on coals, in a hole in the ground, ina clay pot or in an oven. You can mold it

into different shapes or add spices to taste. The possibilities are limitless.

ee



FOOD BREAD

DOUGH PREPARATION

The basic ingredients of any bread dough are flour and water, and salt can be

added to really enhance the flavor of the bread. However, you'll also need

to get your hands on the right strains of yeast or cultured lactic acid bacteria

(or a mixture of both). These consume the starch and fermentable sugars

in the dough and release carbon dioxide, the gas bubbles that make bread rise.

But where can you find natural yeast? It’s all around you! The air we breathe

contains the correct strains of both yeast and lactic bacteria. All you need to do

is create a favorable environment for them to propagate — for example, a mix

of equal parts rye flour and water. Place the mixture in a warm place, and

in a fewdays, the microbes will start fermenting the dough. You'llknow it’s

working when you see bubbles and noticea slightlyalcoholic fragrance.Youcan

also find spores on the peel of sweet fruits and berries. Chop the fruits or mash

the berries, pour warm sugarwater over the mixture and close the lid. After

a couple of days,the yeast water is ready.Mix it with flour to make a starter.

BREAD BAKING

After adding the starter, the dough should be

kneaded and set aside in a warm place for a couple

of hours to allowthe yeast to produce enough
carbon dioxide.Then place the dough in a cold
place for a fewmore hours so that the dough

becomes stifferand the gasis distributed evenly.

Almost immediately afterbaking, the bread starts
to become stale due to the loss of moisture, when

starch molecules in the crumb return to their

crystallized state. This happens even in humid

conditions, But the process can also be regulated —

heat the bread to 60°C and wait until the starch

and water once again become soft. You'll have fresh

bread once again!
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alt is something you definitely can’t do without. First of all, Secondly, salt crystals offer great defense against bacteria that spoil your

it’san important source of electrolytes, which play a key role in food, as well as weeds that ruin your buildings by sprouting between cracks

the transmission of nerve impulses and contraction of muscle fibers. in the brickwork. The good news is that salt is a plentiful resource.
There are many different ways to obtain it.

The easiestway to procure salt is from water. Searchyour local lakes — they The earth's crust contains layersof rock salt.Theywere formed as ancient

mayhavea thick salt deposit on the bottom. Can't find anything nearby? saltwaterbodies dried up. This salt is then extracted in a mine ora quarry.

Create an artificiallakeyourself. Ifyou livein a hot climateby the sea, dig

a few pools nearby. Pour seawater into the first and let it settle so that heavy
impurities fall to the bottom. Collect the liquid and move it to the second

pool. Allowthe water to evaporate,and you're left with pure salt.

In arid regions where the groundwater is close to the surface, more water may Wood ash may taste salty but be careful — this is not the kind of salt you want.

evaporate from the lower layers of soil than can be replaced by precipitation, The main water-soluble components of ash are potassium salts, carbonates,

in which case the soil becomes salinated and a salt marsh is formed. Pour water _ chlorides and sulfates, and you need sodium chloride, which is only present ©

over this soil to form a solution, then all you have to do is filter and boil off in very small quantities in ash. Therefore, it is better to use wood only as fuel

or evaporate the water. By the way, any wells you dig in this area will probably for evaporating water from a sodium chloride solution obtained through

also be salty. other methods.

EVAPORATION

‘Theevaporation point of salt is much higher than the evaporation point

of water. You can use evaporation to extract salt from brine. In hot climates,

all you need to do is pour saltwater into a wide, shallow container and leave

it in direct sunlight for several days then collect the dry salt from the bottom

of the container. If you're in a cooler climate, you can speed up the process ex?

byboilingit overa fire.Asthe waterevaporates,the saltsolution oe bee ai "i 3 P
willbecomesaturatedand the saltwillprecipitateand canthen be filtered C4 “a Ww ‘(i

out.And ifit’sjustbelowfreezingoutside,you cansaveyour fuel:Brinealso Cae ay
freezes at a lower temperature than freshwater, so if the ambient temperature

is between these two freezing points, the water will freeze by pushing the salt

molecules beneath the surface of the ice. Eventually, you're left with freshwater

ice on top and a concentrated brine at the bottom.



FOOD SALT & PRESERVATION

Moltensalt canbeemployedas an efficientwayofstoringthermalenergy.
It canbeusedto temporarilystoreheatenergy:First,electricityis transformed
intoheat,or heat energyisstoreddirectlyin moltensalt,whichisthenkept
in an insulatedtank until it isneededtoproducesteam
and convertedbackintoelectricenergy(page192).

Addingsupplementarysalt toyour
diet isn't alwaysnecessary.Therole

ofsodiumin bioelectricprocesses
isthesamefor all livingcells,meaning

that thiselementisfound naturally
in manyanimal and plant products.

Allyou needto do to replenish
your dailysodiumsupply

iseat 300 g ofmeat.

Shui

For some organisms, salt is life, and for others, it’sa death sentence. Many If you're lucky enough to find a salt cave,you can use it to store massive amounts

microbes die in 10% salt solution. This makes salt an excellent preservative. of food. But be sure not to ingest too much salt, as it could be harmful. Humans

Use it to store fish, meat and vegetables for long periods of time. Anything require 3-4 grams of dietary salt every day and no more.

canbe saltedand pickled,fromplant roots to mammoth carcasses.
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rying and smoking are two excellent ways to slow the process

of bacterial decay that spoils food. Drying removes the vital water

that bacteria need to reproduce and survive, and smoke contains

chemicals that slowbacterial growth. Sunlight and fermentation transform

the fats into an extremely energy-dense substance.

DRYING FRUITS AND VEGGIES

Fleshy fruits are best because their sugary juices thicken up easily.To prevent

tomatoes from rotting before they are fully dehydrated, place them on a mesh

screen so that there is airflow running both underneath and over the top and

coverwith a cloth to repel insects.Adda little sun and wind power and you
haveyourselfa tasty snack.

SMOKINGoy% FOOD

Smoking also partially dehydrates the food, creating an inhospitable

environment for bacteria while simultaneously permeating it with

bacteriostatic preservative chemicals. Now you can be sure you'll have
a steady source of food to last you on long journeys or cold, hard winters.

DRYING MEAT AND FISH

Remove any bones, tendons and excess fat (1). Cut the meat into smaller

pieces (2) and rub with salt and spices or soak in brine (3). You'll know your

brine is salty enough if a raw egg floats when placed in the solution. Hang meat

outdoors in a well-ventilated area at least 1.5-2 m from the ground to prevent

animal interference (4). Air circulation is vital to ensure that the meat

doesn’t start to rot. The temperature is not particularly important as long

as it does not exceed 40°C.

During the drying process, food is partially dehydrated and fermented.

Asa result, the juices inside thicken. If the weather is dry and windy, small

pieces of meat and small fishwill dry in just a couple of dee In less ideal

conditions, it may take more than 2 weeks.

al

Place the slices in a jar, fill to the brim with oil and seal to keep a small taste

ofsummerwithyouallthroughoutthewintermonths.Juicyfruitssuch
as persimmons, dates, plums, apricots or even melons can be cured in the same

way.Pears, apples and similar fruits should only be dehydrated and not cured,

as they are hard and their moisture evaporates quickly.
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FOOD DRYING & SMOKING

COLD SMOKING

For this process, the smoke must first be allowed to cool (20-25°C

or lower). The proper temperature can be achieved by passing

smoke through 2-3 meters of pipe. To ensure that smoke aeNeRe We)»))
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makes it to the other side of the chimney, use a closed vessel

with smoldering wood chips instead of an open firepit. Cold

smoking takes significantlylonger than hot smoking — about
S days instead of 1.Vent excess smoke periodically to regulate

moisture and prevent the buildup of carcinogens.When the food \\ 2g ard
» —— ZFis ready,hang it outdoors for a couple more hours. Cold smoked

meat or fish are less fattyand contain more natural preservatives.
Therefore,they are shelfstable for severalmonths. Youcan
evensmokecheese(page 104)usingthismethod.
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HOT SMOKING

Build your own smokehouse directly over

your firepit.Any structure with lattices

or hanging racks will do. Place this

frame on raised bricks above the fire,

then spread your food among the drying

racks so that the individual pieces aren't touching

each other. Pour wet fruit tree chips into your smoker.

These chips won't ignite but rather will smolder for a long

time. The more smoke they produce, the better, so make

sure they are slightly damp. Place a lid on the smoker

and wait a couple ofhours.

MAZEL



ariety is the spice of life. New experiences

stimulate the area of the brain associated

with feelings of wellbeing, so spice up plain

foods to add new life to old dishes. Herbs and

spices can be derived from various parts of plants

that producea particular smell or taste.

They can enhance the natural aroma, improve

the consistency or add a pop of color to any dish.

Some even have antimicrobial properties and can

extend the shelf life of your food.
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FOOD

UMAMI

Try to describe the flavor of a food

using just one word. What comes

to mind first? Probably something

like sweet, sour, bitter or salty.
But there’s one more flavor that can be

described as “delicious” or “pleasantly

spicy.’ This is umami, and it acts

as a flavor enhancer. One natural

source of umami is kombu seaweed.

Look for long brown algae in your

nearby bay growing at a depth
of S—10 meters. Soak the komba

in water for several hours, and then

use the strained solution to prepare

meals or make a sauce by adding

dried mackerel flakes and shiitake

mushrooms to the infusion.

Or you can dry your seaweed and use

its flavor long after kombu season

is over.Spread the kombu on the rocks

along the shore and dry it in the sun

for about 5 hours. Then grind it

into powder.



FOOD SPICES
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Pepper
Thisreferstooneplant,Pipernigrum,and thethreedifferent
varieties(black,whiteandgreen)representdifferentstages
in thefruit’sgrowthcycle.Theoiliswhatproducesthearoma,
and thealkaloidpiperineisresponsiblefor thetaste.After
a whileinstorage,thearomawilleventuallydisappear,
whilethepungent-bittertastepersistsfor a longtime.

lfy

Bay Leaves
Froman evergreentreeintheLaurusfamily.In addition
tofragrant essentialoils,theycontaineugenol,whichhas
an antisepticeffect.Theyretaintheirpropertieseven
whendried.Add thebayleavesshortlybeforetheend
ofthepreparationofthedishand don'tforgettoremove
beforeservingsotheydon’tadd extrabitterness.

Cinnamon

Thisisthe innerlayerofbarkfromyoungshootsofplants
in thegenusCinnamomum.It containsan essentialoilthat
has a strongwarmingeffect.Dry in theshadeand the bark
willcurlup intoa tube.

Cloves

Collecttheunfloweredbudsofthe tropicalcarnationtree
Caryophyllusaromaticus,Fortunately,it bloomstwiceayear.
Thebudscontaina lotofessentialoilsandshouldbedried
in thesunbeforeuse.If they'relefttostewfor toolong,they'll
becomebitter,soaddjust S minutesbeforethedishiscooked.

Cumin

Driedseedsof thespicyherb Cuminumcyminum.Thisspice
masksthesmelloffish and meat,soadd to dishesthat have
gameylambor riverfish witha muddyaftertaste.

Saffron
DriedstamensoftheCrocusflower.Eachflowerhas three
stigmas,whichmustbepickedonthedaythebudopens.
Youneedtoprocess80,000plants togeta singlekilogram
ofthespice.Saffrondoesnotmixwellwithotherspices.
It is better to use it on its own and in very small doses;

otherwise, you will overwhelm the other flavors.



hen you have no extra energy to expend and feel sluggish, you

haveno time for inventing.Yourmood is directly dependent

on your body’s energy stores. Sugarwill replenish your energy

in a jiffy.Your cells can easilyabsorb the glucose it contains and metabolize

it into energy.A good dose of glucose instantly stimulates the brain's pleasure

center and raises levels of serotonin, the "happy hormone." That’swhy sweets

are alwaysa good mood booster.

EVAPORATION

Sugarcan be extracted from plants. Sugarbeets, If using sugarbeets or cane,wash them, chop

sugarcane,sorghum and some types of palms and and boil them and strain the resulting syrup.
maples are allgood options. Allyou need to do Use a press or mill to grind largequantities of beets
is harness the power of evaporation. This requires or cane. If using sorghum, simply cut the stems

a small stove.Build the main body out of bricks and squeeze the juice out. Maple and palm sap can
and on top place shallowiron containers with also be directly harvested from trees by tapping

wide bottoms. The larger the surfacearea (making a deep hole or cut in the tree).
of the container, the faster the process will go.
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Make asmuch of this raw“sugarjuice”aspossible —
40 liters of juice will produce just 1 liter of syrup.

When the juice or syrup is prepared, pour it into

iron containers ona stove. Boil the liquid until it

is dark brown and as thick aspossible. (Use any

waste plant material as fuel for the boilers.) After

that, leavethe liquid in a cool place to harden and

crystallize.This can take up to 2 weeks. The resulting

crystalscan be ground to smallergranules.



@ FOOD SUGAR

COTTON CANDY

When heated, sugarturns into liquid

caramel.Ifyou continue heating,
the sugar starts to burn. Before this happens,

spin the sugar quickly and it turns into thin,

wispy threads. Wrap them around a stick

for a fun fair treat: cotton candy.

To make it, you'll need to build a simple

machine. It consists of amotor, a heating

element, a distribution head and a bowl.

1. The body of the machine is an iron container. The heat source (alcohol 4. When spun, centrifugalforcepulls the sugar out of the holes

lamp,fire) isplaced under it. in the distributor head and stretches them into thin threads.
2. The working part — the distributor head — will spin when connected 5. Wind the resulting strands of sugar around a stick by dipping it into

to any motor. Youcan even turn the pedals, which will be connected the bowl as it spins. Yourcotton candy is ready!

to the shaft of the apparatus through the gearbox.
3. The upper part of the appliance is a bowl with high walls. Adistribution

head (a small iron container with holes) is attached to the middle

of the bowl. Sugar is poured into it, and gradually,it heats up and melts.
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ilk spoiled again? Trying to combat lactic acid bacteria is a losing

battle — at most, it’llwin you a couple of days. It’sbetter to lean

into the funk and preserve the goodness in the milk by making

cheese. This product is a kind of milk concentrate: The proteins, fats and

minerals within occur in approximately the same proportions but are absorbed

much better by the body. And you can store some types of cheese not just

for months but for years.

ENZYMES

The enzyme chymosin used in the preparation

of rennet cheeses is obtained from the dried

and grated stomachs of newborn calves or lambs.

If this causes ethical issues for you, you'll have

to find a replacement either for rennet cheeses

or the enzymes.There are options: mold bacteria
(page 100); leavenedbread (page 94); berries

used to enhance fermentation in wines

(page62); leftoverwheyfromprevious
cheese or cheese curd production; figjuice
with the seeds removed; or a tincture of nettles

and salt. Feed the starter culture by adding

water, fruit, milk, etc., so that it grows.

Once it has developed, store it in a cold place.
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Wj

FOOD

Meanwhile, like a well-aged wine, they become even more delicious.

Cheese is a great travel food — a couple of chunks will give you a rich

complex of vitamins and minerals able to sustain you over a long journey.

And if you're running out of entertainment ideas, you can organize a cheese-

chasing competition: Who can catch the wheel of cheese before it rolls

to the bottom of the hill?

CHEESE

Cow, sheep, goat and even donkey milk can be used to make

cheese. Found a herd of buffalo grazing nearby? Fantastic!

If you can manage to tame them, buffalomilk makes an excellent

cheese.There are many waysto radicallychange the taste, color
and texture of cheese.Try adding spices (page 100), changing

the agingtime or using different enzymes and bacteria.

Makingrennetcheese
1. Allowthemilkto “ripen”:keepit at atemperatureof8-12°Cfor 12-24hours.

Thiswillactivatethemicroflora.
2. Thenpasteurizebyheatingthemilkto 90°C.Thiswillkillunnecessarymicroorganisms

that can interferewiththefermentationprocess.
3. Addyour enzyme(orsubstitute)and acid.Themilkwillseparateintosolidcurd

and waterywhey.
4. Cut the resultingcurd with a wide blade, separating itfrom the whey.Do not bealarmed

if it turns green — this means that it's ready.Add any spices,salt, nuts, etc.,and press
the cheeseinto molds.

5. Now,you mustwaitfor thecheeseto mature,butyou'll haveto checkin on itfrequently.
Onceevery2-3 weeks,thecheesemustbewashed(thiswillget rid ofunnecessary
microorganisms)andflippedover.

Youcan smoke the cheese,sprinkle it with spicesand evenrub it with alcohol.Themost
important elementis constantlymaintaining the humidity leveland temperature in the room.
Due to the releaseof carbon dioxide,which isproduced as the starter culturesferment the milk,
holeswillappear in the cheese.It usually takes about 2-2.5 months tofully ripen, but this
dependson the type of cheeseand storageconditions.How doyou know it’sready?
Hit the cheeseblockwitha silverhammer. If it rings,the cheeseis ripe.



UNRIPENED CHEESE

Add vinegar or lemon juice to milk that has been heated to 75°C. The

fattier the milk, the better. Once the milk has separated, place the solids in

a cheesecloth and hang until all the excess liquid drains out. Season with

salt, herbs and spices and store in a cold place. The process can be simplified

even further: just cook the milk and acid mixture, stirring occasionally, until

the curd separates from the whey.

TOFU

If you are avegetarian(or don’thaveaccessto dairyanimals),you canmake
a cheese substitute using soy. Making tofu is similar to making regular cheese

but you use soy milk instead. Magnesium chloride, citric acid or calcium

sulfate is used to curdle the mixture. If you can’t get your hands on any of these,

use seawater — it contains calcium and magnesium salts.

LIVING CHEESE

Thinkyou've alreadytried
everything and nothingcan ~~

surprise you?Why not try a slice
of cheese with liveinsects in it?
Add cheese flylarvae to a bucket

of sheep milk. These creepy
crawliesdigest the cheese,
producinga flavorthat many

consider gourmet.

BREAD CHEESE

Take the mass of cheese obtained after fermentation and

roll it into a cake. Bake it in the oven or flambé it by pouring alcohol

over it and setting it aflame. This forms a golden crust on the cheese

that makes it look like bread. You can dry this cheese and store

it with your grains for years. When you decide to eat, reheat

the stale cheese and it will soften again. Or you can

add cheese "croutons" to hot soup and make

a new hearty dish.

BLUE CHEESE

A little mold isn’talwaysa bad thing. Some cheeses are made by adding edible

molds, such as penicillin (page 34). To make this type of cheese, inoculate

the curd mass with mold spores before ripening and use long needles or sticks

to poke air holes inside the cheese mass. The air will allowblue mold

to develop evenlythroughout the entire cheese.

PROCESSED CHEESE

Want to spread cheese on your bread? Spreadablecheesesare made by melting

rennet cheesesand addingthingssuch ascottagecheese,sour cream,milk
or butter and spices and allkinds of other fillers(onions, mushrooms, nuts,

bacon, etc.). Make a dessert cheese by adding sugar,cocoa, vanillaor syrup.
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CARAMELIZED CHEESE

A light brown cheese with a caramel flavorcan be obtained

by boiling cream and whey for about 7-8 hours until the sugar

in the milk caramelizes.



ust four ingredients — water,hops, barley and yeast —
and you have a drink that will give people a reason

to meet up and relax over a frothy pint or two.

MMNaeCTT

Make malt. Soak and germinate the barley kernels to start

thefermentation process. Remove any sprouts and dry
with hot air. The moreyou dry the malt — or even better,

roast it — the darker the beer will be.Remember that dark,
caramelized varieties cannot be made without light ones:

the enzymes necessaryfor saccharification of the wort are

“burned out” in the dark ones; that is, they are deactivated.

Now comes the fermentation. Yeast is used to convert

thesugarsintoalcohol.Youalreadyknowhowtoprocure
yeastfrom thin air (page94). All that's leftto do isadd
the wort, set in a dark place and wait around 2 weeks.

Monitor the temperature, which should be between 15-25°C.

FOOD

Beerrequireshops,whichadds bitterflavornotes,supportsafrothyheadand helpspreserve
yourbeer.Harvestinearlyfall. Theslightlydryhopflowerhasapungentodor.Youcanmake
beerfromfreshhopsor dry themat a temperaturenotexceeding60°Cand usethemlater.

Mill themaltedbarley.Becareful,ifyouprocessit toomuch,
the beerwillturn out bitter.Make a mashbymixing1part
groundmalt with4 parts hot water.Duringthisprocess,
naturally-occurringenzymesin themalt breakdownstarch
intofermentablesugars.Temperatures,cookingtimesand
thenumberofcookingstageswilldeterminetheflavor
ofthebeer(seerecipesbelow).

Afterboilingthewort,it needsto becooledquickly
(ifyouwait toolong,bacteriawillmultiply,spoilingthetaste).
Stir thewortvigorouslyandpour itfrom a greatheightinto
anothercontainerto increaseoxygensaturation,which
willhelptheyeastmultiplyfaster.

Obtaina sugar-richwort bysqueezingandfiltering
theliquidfrom themashedbarley.Usea largepot with
a screened chamber—a strainer on stilts that catches

thesolidswhileallowingthe liquidsto drain to the bottom
wheretheycan beremovedvia a spigot.Theliquidwill
needto befiltered twice.Rinsethespentgrain with hot
water (75—78°C)— it stillcontainsa lotofwort.

Bringthefilteredwort to a boiland add your hops.
Boilfor at leastan hour.Thishelpsdeveloptheflavors
and sterilizesthewort ofany unwantedbacteria.Thisstage
isopento someexperimentation.Throughtrial and error,
you'll endup creatingmanydifferentvarietiesofbeer.

For storage,you can useeitherglassbottlesor woodenbarrels.
Dark glassisadvisable,as lightcan haveadverseeffects
on theflavor.Ifyoupreferafizzy beer,add a smallamount
ofsugartoeachbottlewhenfilling.Theyeastwillprocessthis
sugarandproducecarbondioxide,carbonatingthebeverage.
Storein a cool,darkplacebutdonotfreeze,shakeor turn
the bottles — this way, the frothy drink will maintain

itsflavorand strengthuntilhappyhour.



FOOD BEER

To produce excellent beer, you must start with good-quality water (page 14).

The hardness and mineral content of the water has a huge effect on the taste

of the beer. There is no one formula for success — different waters produce

different beers. But there is one vital element

of the process: All containers that the wort

comes into contact with after boiling

must be disinfected. Otherwise,

undesirable bacteria can

contaminate your brew.

Master a couple of time-tested

recipes, and then start mixing

things up. Experiment and see how

many different types of beer you can

produce. The sky’sthe limit!

Wheat Beer

A lightbeerwithpronouncednotesofspicy
clovesand banana.
Ingredients:60%lightwheatmalt,
27% lightbarley,10%caramelizedbarley,
5%sourmalt (pour themalt intoa container,
hydrateslightlywithwater,add a spoonful
ofyogurt andplacein a sealedcontainer
in a warmplacefor a week).
Mash stages:
1. Heat a mixtureofmaltand water

to a temperature of 45°C for.10 minutes.
2. Raise the temperature to S2°C

for 10 minutes.

3. Raise to 62°Cfor 30 minutes.

4. Raise to 72°Cfor another 30 minutes.

5. Increase temperature to 78°C tofinish.

Fermentation temperature: 20°C

Dark beer
Ingredients:85%lightbarleymalt
and 15% roasted malt.

Mash stages: .
1. Heat your malt and water mixture

to 65°C for 60 minutes.

2. Raise to 72°C for 30 minutes.

3. Bring the mixture to 78°C
then removefrom heat.

Fermentation temperature: 16°C.
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MATERIALS

etals are the most important materials of any civilization. Some

of them — silver, gold, platinum — can be found in nature in their

native forms. The rest must be separated from the other elements

in their rocky ore. The first step is finding ore, a mineral that can be refined

to obtain metal.

COPPER

Ores: sulfides(chalcopyrite),hydrocarbonates(malachite,azurite),
native copper

Metal extraction method: for sulfides, burn off sulfur and remove the iron

then reduce copper oxide with copper sulfide. For bicarbonates, heat to oxide

and reduce with carbon monoxide.

TIN

Ores: cassiterite (tin oxide). Has a strong diamond-like brilliance.

Method of metal recovery: heat with coal in a furnace (the simplest method

uses a shaft-type furnace with layersof coal and cassiterite).

ZINC

Ores: sphalerite (zinc sulfide)
Metal recovery method: burn off sulfur, heat the resulting oxide with carbon

to 1200°C in sealed containers with a drain and condense the zinc vapor.

MERCURY

Ores: cinnabar (mercury sulfide)

Metal recovery method: fire in a furnace. Cinnabar also contains

native mercury.

LEAD

Ores: galena(lead sulfide)
Metal extraction method: burn off sulfur to obtain lead oxide then reduce

the oxide with carbon monoxide in a furnace.



MATERIALS METALS & ORES

IRON

Ores: oxides (magnetite, hematite), sulfides (pyrite)

Metal extraction method: reduce oxides in a furnace with carbon, burn

sulfides to oxides, and then reduce using carbon.

TUNGSTEN

Ores: scheelite

Metal recovery method: treat scheelite with sulfuric acid to form tungsten

oxide. The tungsten oxide is then reduced with hydrogen at a temperature

of 1000-1100°C.

ALUMINUM

Ores: alumina (aluminum oxide) as part ofbauxite

Metal recovery method: bauxite is dissolvedin sodium hydroxide to purify it
(the aluminum oxide dissolves, but the impurities do not). Aluminum oxide

is dissolvedin a cryolite melt then subjected to electrolysis (the cathode
is the bottom of the bath, and the anode is carbon electrodes).

PLATINUM, GOLD, SILVER
Native metals (found in pure form in nature)

4
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mine. Every
the ore (1).

so you'll also need
The second shaft

ird is for ventilation (4)

miningThe first is fort have at least three passages.

The shaft will have platforms on multiple levels,

mine mus

To get resources that are located deep underground, you need aization reachesn the path to prosperity, every civil

a point where it must dig deeper, both figuratively

and literally, in order to find the materials to build
is for liftingined ore.(2) to transport the mpassagewaysand down,a better future. Take up your pickaxe and your canary,

Mines areThe th:

air ani

the mined ore to the surface (3)down we go.

flammable gases such as carbond toxic,filledwith a mix of atmospheric
found naturally around coal deposits.iswhich

it easier to expand mining operations, passageways between

monoxide and methane,

To make

(5).platforms (2) are connected by sloped ramps
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ists operate using a block system and

(8) (page 168)

The ho

breaking,Before loadiha winc!

the ore al

its, examine

into smaller pieces using raw materi

To find ore deposicrushers (9)

the geologicalstructure of the s Ngite (10), payi

special attention to natural bedrock outcrops.
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which will lead to a collapse (cavein). Therefore,

youIl need a system of channels through which
water will drain into the water intake (11) and

a pump (page 162) to pump it out to the surface.
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‘Theeasiestway to mine resources if they lie close to the surface is to dig Stickone end of the fuse into this charge,and run the other enda sufficient
a quarry (12). Make a quarry with the help of explosives.Create fusesfor your distance awayfor safety.Igniteyour fuse and wait for the boom. Youcan also
gunpowder chargesout of hemp cord (page 18) impregnated with resin break through largeslabsof rock by drivingwooden wedges into the cracks

or smeared with white clay (page 136). With a drill, make horizontal holes and flooding them with water — as the wood expands, it will cause the rock
in the rock and stuffthem with your gunpowder charges. to crack.

REINFORCEMENTS

Mines must be reinforced to prevent them from collapsing.

When cutting horizontal corridors through the rock, leave

vertical pillars as support posts to hold the ceilings up.

But even with these, the risk of collapse is still quite high.

Therefore, use additional reinforcement made from wooden

poles and beams and add flooring, which will bear the weight

of the stone vault of the mine.

TOXIC GASES

Getting poisoned by toxic gasesis a real dangerwhen working in mines.

Use canaries to help you determine whether or not toxic gases
are accumulating. They respond to carbon monoxide much faster than

humans do. If the canary loses consciousness, it means that harmful gases

have accumulated in the mine, and you need to get out immediately.

Equip the cage with an oxygen balloon so you can quickly resuscitate

your feathered friend.

SAFETY LAMP

With all the gases accumulating in the mine, it’s important to keep any open

flames far away so as to avoid explosions. Use a multi-chambered metal

mesh, which channels air into the lamp and combustion products out.

When the combustible gas-air mixture causes the flame to flare up, it won't

escape the confines of the mesh container and won't lead to an explosion.

By the way, this kind of lamp is a good way to monitor gas build up:

If the flamegets larger,there is more gas in the room.

f 113]
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lassisn’tjust good forwindows,bottles and other helpfulhousehold —_Afterall, the lenses of microscopes (page 184) telescopes and cameras

items.The invention ofglasswillgreatlyexpandyour scientific (page 186) are impossible to make without glass,so it's time to take
and technological capabilities, opening the potential for new a shovel and go dig up some sand. Glass is obtained from molten quartz sand

ideas and discoveries. Without this material, many fields, such as chemistry, or crushed quartz. It is better to use river sand, as it tends to be the cleanest

physics, biology and medicine, astronomy and optics and electronics and natural source, and the purer the material, the stronger and more transparent

communications will be unable to reach higher levels of development. the glass will turn out.

Glassproduction sites are giganticovens.First, the kiln (1) and the melting
chamber (2) aremade out ofbrick (page 148). Constant air supplyis required SPs
for good combustion.Therefore,it isbetter to orient the mouth of the kiln (3) bea fh esis rea

so that it alignswith seasonalwinds forgood air exchange.Thiswillcreate :
an air channel.

Therawmaterials(4) are then loadedinto the kiln.The three ingredients
for soda-limeglassare silica(sand or quartz), soda ash,which allows

the silicato melt at kiln temperatures, and quicklimeor slaked
lime (page 78), which makes the glassmore chemicallydurable

and givesit shine.

Once the kiln chamber is ready, build adome

and chimney on top. Set a fire in the air channel.

As it’s drawn through, its heat melts and combines

the raw materials. The melting process may take

from 10 days to 2 weeks. The temperature must be

kept at around 1100°C and maintained for long

enough for all the bubbles to escape the viscous

melt. Then allow the kiln to cool to produce

ablock of strong, transparent glass.

_—A giant multi-ton piece of glassis melted in the melting chamber.
Its dimensions can exceed human height. The top of the oven must be
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disassembled to remove the molten glass. Do this carefully so as to save

as many of the bricks as possible. They will be useful to you later,

as the structure will have to be reassembled to melt the next batch of glass.
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Theresultinguntreated blocksmake neither good microscopelensesnor
beautifulwine glasses.Thesecubes ofglassmust be broken into smaller
piecesand sent to glass-blowingworkshops.

Theseglassfurnacescanbeconstructedawayfromyourmain
settlement,nearsourcesofrawmaterialsandfuel.However,
glassworkshops,whereglasswareisactuallycrafted,should
belocatedin thecityto moreefficientlymeettheneeds
ofthelocaltownspeople.



ADD COLOR

To makea perfectly clear glasssuitable for lenses and other

scientific instruments, make sure the sand or quartz you use

is bright white. The impurities in yellowy sand will taint

the glass. But for decorative, colorful glass, you can add

different minerals to the raw materials. For example,

copper oxide gives blue-green, and iron oxide, yellow-green.

This is a great way to protect beer, wine and any other

photosensitiveliquids.

MOLDING

AND GLASS BLOWING

Youcan blow glassinto any shape you wish —

the only limit is your own imagination and lung

capacity.But first, the glassmust be melted again.

Then collect a ball of molten glass on the end
of a hollow tube. Blow into the other end as

if creating a soap bubble while turning the tube

continuously. Use the blown air and the force

ofgravityto mold the glassinto the desired shape.

There are two waysto produce a flat sheet of glass.

The easiest is to blow out your glassball, snip off
the top and, while constantly rewarming the glass

to ensure it remains pliable,start spinning your
blowtube rapidly between your hands, Centrifugal

forcewill graduallyshape the molten glassinto
a thin disc. Once cool, these discs can be framed

with metal and set into a window opening.

This technique produces glassthat will allowlight

to shine through but will prevent nosy neighbors
from peeping in due to the distortion.

Or you can blow an oblong bubble in your molten glassand let it cool slightly

then cut it lengthwise and roll it out into a thin, flat sheet. Thiscreates
something more closelyresemblingwindow glassthat can be used

in a variety of applications.



MATERIALS

ubber is an elastic material that can not only stretch to dimensions Therefore, rubber is suitable for a variety of tasks from improving

many times greater than its original size but also shrink back once wheels and electrical insulation to preventing unwanted pregnancies.

it's no longer under tension. It is also gas and water tight. You'll definitely find a variety of uses for this flexible material.
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1. Slice into the core of Hevea brasiliensis, also 2. Latex can be used in its natural form.

known as the rubber tree, until a milky liquid For instance, make a wooden model of a hand

starts to seep out. This suspension of polymer and dip it into a bucket of latex. Once it dries,

particles (which can also be found in other you ll have a set of latex gloves.

plants, such as the dandelion) is called latex.

Make cuts into a 6-7 year old tree that span 3. It can also be used to make rubber. There are

about halfway around the trunk at a 30° angle. several different methods. Dip a spatula into

Make each subsequent cut underneath the latex and hold it over the smoke ofa fire

the previous one. until the water evaporates. After that, a thin

layer of rubber is formed on the blade. Repeat

the process layer by layer until you havea large

piece of rubber. Another option is coagulation

using acetic or formic acid. By mixing them

with latex, you get acrumby substance that

resembles cottage cheese. Wash it, dry it and

press it into blocks.

4. Remove the raw rubber from the spatula

and cut into small pieces.

§. Add crushed sulfur (at a ratio of S-10%
of the total mass).

6. Press the resulting material into sheets. -

Now they must be dried in a special oven known

as an autoclave. During the heating process,
the soft, sticky rubber will become hardy and

elastic. The process of heating rubber with

sulfur to prompt this transformation is called
vulcanization.



MATERIALS Bie ee

If there are no rubber trees nearby, certain

species of ficus will suffice, and in dire situations,

you can experiment with dandelions. The rubber

in dandelion roots takes the form of both liquid

latex and solid rubber fibers. To extract the rubber,

vulcanize the plant materials using formic acid

or the sap of sulfur-containingplants,
such as cabbage.

During the vulcanization of rubber products,
sulfurbinds the long rubber molecules into

a kind of cross-linkednetwork. This can be done
by hot pressing, rollingwith heated rolls (A)

or by heating the material in an autoclave (B),

where the workpieces are treated with steam
formed when water boils at high pressures.

There's no such thing as bad weather —

onlyinadequateclothing.But that’sa problem
wecanremedy.Soakfabric withrubber
dissolvedin an organicsolventsuchasgasoline
to obtaina waterproofgarment.Youcanalso
makegaloshes,whichare waterproofcovers
wornoveryour boots,

i

1. Body
2. Heatingchamber
3. Moldscontaining

A unprocessedrubber
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onderingwhat to do with allyour surplusfood?Start producing

rectifiedor purifiedalcohol.The beginningstagesof the production
processare similarto distillation(page 390), but there’sone

important distinction: The final product is not intended for consumption,

so there's no need to select high-quality grains, potatoes or berries. Straw,

corn stalks and some kinds of weeds will also suffice. If you do plan to use

the alcoholfor culinarypurposes, however,start with qualityrawmaterials.

Thesimplestversionofa rectifierisaflaskfilledwithglassbeads,alsoknown
as a “fractionatingcolumn.”Youcanalsousea crumpledcoilofwire,metal
shavingsorsprings.Everylayerofglassbeadsisa differenttemperature—
the closer to the top, the colder they are. The temperature differencecauses

theliquidtoseparate:thelightestcomponents(A) riseto thetop,whiletheless
volatilecomponentssinkto thebottom(B).

MATERIALS

Everythingthat containssugarwill ferment on its own,but the resultingdrink

won't haveanABVexceeding14%.Anyhigher and the microbes responsible

for fermentationwilldie.That’swhyyou need a specialapparatusthat willraise
the temperature and remove any impurities. The process of rectification is like

distilling the alcohol dozens of times. By the way, this method can also be used

to purify other liquids, such as oil.

2
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The fractionatingcolumn with the glass

beads (2) is connected to a glassbulb

at the bottom. As the heated alcohol

vapors rise, they cool and condense

on the glassbeads.The lighter
components (A) then revaporize

and risehigherthrough the glass
bead column where they condense

again and the process repeats. Regulate

the temperature of your heat source

so that the alcohol vapors (A) rise

and condense at the level of the outflow

tube (3) and flow into the chilled part

of the apparatus (4). This way,you'll

obtain alcohol without any impurities.

The lighter toxic components such

as aldehydesand acetone will remain

vapor and flowback out through

the tube,while the fuseloilsand other
impuritieswith ahigherboiling
point (B) fall back to the bottom

of the container.

Oneimportant characteristicofthefinal
product isitsABY,or alcoholbyvolume.
A spiritwithan ABVof 70%isa concentration
of7partspure ethanolto 3parts water.
A hydrometer(5) willhelpyoudetermine
thealcoholpercentageofyourfinalproduct.
It consistsofa long,narrowglassstemwith
measurementmarksand a bulbousbottom
containinga weight.Thehydrometerfloats
loweror higherdependingon thedensity
of thewater-alcoholmixture.Youcan calibrate
your hydrometerbeforehandusingliquidswith
knowndensities.
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It is impossibleto obtain 100%alcoholusingrectification—
surgicalspiritsalwayscontainabout 4% water,which
doesn’tposea problemin the majorityof itsapplications
acrossvariousfields.

Alcohol Lamp

A burnerfilledwithethanolcan beusedfor bothlighting
andfor heatingfood, especiallyfor mealsthat need
to bekepthoton thetable.Alcohollampsgiveoffmore
heat than candlesand don’tsmoke.

Fuel
Add alcoholtogasoline(onlyin a concentrationof3-10%)
and it willincreaseyourengine'sefficiency.Youcaneven
createa motorthat runsentirelyonethanol.

Culinary uses
Ashotofrectifiedspiritaddedtoastewormarinade
willsoftenthe meat.A biscuitfortifiedwithstrongalcohol
has a specialtasteand ismoreshelf-stable.Grainalcohol
isalsousedto increasetheshelflifeofpreservedvegetables

Surgical Spirit

Whenusingethanolas a disinfectant,diluteit to 70%—
thesolutionwillpenetrateintodeeperlayersoftheepidermis
than a 96%solution.But ifyou needto examinetissue
samplesremovedduringan operation(page36),place

and in salt-pickling can be used to disinfectfish and make ee ap them in 90% ethanol topreserve the biomaterial.

cucumbersand mushrooms crisp.

Anti-freeze

96%ethylalcoholcanbepouredintocoolingor heating
systems,It doesn’tcorrodemetalandfreezesat -114°C.

Ink
Ifyouadd alcoholto dyeorpowderedcharcoal,youcan
producealcoholink.
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umans have severaldifferentmediums of self-expression,

H and clothing is one of them. Fashion is a wayto displayhow

you feelwhen words just aren't enough. Clothing can be made
from whatever animal hair or plant fiber you have on hand. Each material

will create yarn of a different thickness and density.

WOOL

The easiest way to do this with livestock is to shave or comb

a sheep,llama,goat, camelor something elsefluffy(evena dog).

Washthe wool and brush through it. Now you can use
a spinning wheel to start pulling it into threads.

LINEN

Flaxis a rather capricious annual plant that requires loads of sunlight but

moderate temperature and humidity. Soakand dry the flaxstalks.When

MATERIALS

Cut a deep groove into the entire length of a log and attach a handle at one
end that fits perfectly into this groove. Lay the stems across this groove

the fiber starts to easily peel away from the hard outer hull, transfer the stems perpendicularly and bring the handle down so that it crushes the stalks,

to an oven and dry until they crackwhen squeezed in your hands. Now rinse

the fibers.

FeOCCA

removing the outer hull and softening the inner fibers. Then comb through

the bundle to get rid of any excess hull and clean the thin linen threads.

COTTON

Growing cotton is very difficult. Only warm and humid climates are suitable

for growing cotton. So if you live in a dry, cold area, don’t waste your time.

You need to sow the seeds every spring in moist soil with good drainage.

In autumn, collect the light cotton bolls in open boxes. Use a cotton gin

to separate the cotton fibers from the spiky seeds.

A cotton gin is a box containing two rollers covered in spikes that pull the lint

through the slots of a grate at high speeds. At the back end, there are brushes

that rotate three times faster. Throw your cotton seeds in the front end and
the cotton gin will separate the cotton lint from the seed and transfer it

to the brushes, which pulls the cotton into fibers. These are then spun into yarn.



SPINNING

Spin threads from your cotton, flaxor wool fibers using

a spinning wheel. Make one continuous strand of yarn

by simply twisting the fibers onto a spinning wheel

or make a stronger yarn by repeating this process

then twisting several strands of yarn together.

The side struts of the top of the spinning wheel (1) support

the U-shaped rotating head (2). The arms can be moved

to remove or install the bobbin (3). Athread of cotton, linen

or wool fiber ispassed through the orifice (4) and fastened
to the bobbin. When your foot presses on the pedal (5),
the lever (6) turns the shaft (7), which rotates the drive wheel (8).

This spins the drive band (9), the rotating head and the bobbin.

This rotation is transferred to the fiber, twisting it into a thread.

The bobbin rotates more slowly than the head as the finished

thread winds around it. Move the thread from side to side across

the pegs (10) so that the bobbin thread lays evenly. A large spacing

between the pegs will give you loose yarn, while a smaller spacing

gives you a tighter structure.



MATERIALSPAINTS|&BRUSHES
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ot everything can be conveyed with words. Emotional realities Here, experimentation is key.Just try to avoid using any toxic substances

require something more expressive and colorful. Borrow some for your pigments. Start with time-tested ingredients.

of nature’s hues and use them to bring your masterpieces to life.

PIGMENT

Paint is either a dye solution or mixture of pigments

and binders. Thinners allow you to regulate

the density.Oilswork well—linseed,
fusel oils, turpentine and others.

Turmeric root yields a bright yellowcolor,while

the leavesof the Indigoferatinctoriaproduce

a bluish purple. Nettles giveyou green,while
cornflowerpetals boiled with vinegarmakea lighter

shade ofblue, and the seeds of the wild rue plant

can produce dyesfroma range ofyellowto red.

~ Cinnabar

The more lastingpigments come from minerals.

Ground charcoalgivesyou black,and limestone

or gypsum makewhite. Ochre powder, that is,clay
with iron oxide (page 110), produces yellowand

orangepigments, cinnabar givesyou bright red

and malachiteand lapis lazuliproduce green and

a palette from blue to gray,respectively.

Mollusks and insects can also be used as starting

materials. The ink gland of the cuttlefish

willproducea sepiatone, and ground seasnails
producepurple.Thedried carapacesof female
cochinealbugsgiveyou carmine—a scarletcolor.

MIXING PIGMENTS

For dry pigments, you'll need a substance that
will bind the particles into ahomogeneous

substance — paint. You can use eggs, oil or water.

If you want to use egg as the base, separate the yolk

from the white and mix the yolk into pigment and

mix. To make a matte paint, add a little wax, and

for a shiny sheen, add a drop of resin. To thin

your paint, add water or turpentine. The latter

canbe madeby distilling(page 122) the resin

fromsoftwoodtrees.
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PAINTING WALLS

Use paints based on mineralpigments.But keep in mind that colored minerals,
such asmalachiteand lapislazuli,cannot be ground into a finehomogeneous
powder, and because of this, they don’t mix well with fixatives and produce

a watery pigment that doesn’t fixwell. To avoid this, colored mineral pigments

must be diluted with egg yolk or casein — a milk protein.

BRUSHES

Boar bristle brushes work well for covering large surfaces.

First, it must be bleached: wash in warm, soapy water

then in cold water and leave it to soak in an aqueous solution

of sulfuric acid for 2-3 days. To give the bristles elasticity,

place the bound bundles in hot ash for 15 minutes. Ifyou want

neat strokes, sand the brush tips down: dip the bristles in clay

diluted with water and leave to dry for 1-2 days, and then

sand the ends of the brushes ona flat piece of pumice.

PAINTS&BRUSHES

DYEING FABRIC

Plant dyes work best for fabrics. Soak leaves, stems, roots, flowers, fruits, cones

or bark in cold, soft water for 12 hours (for every 100 grams of material, you

need a liter of water).

Then bring to a boil and soak over very low heat. Flowers and herbs need about

30 minutes, while bark, stems, hulls and roots can take up to 4 hours. Strain.

In order to avoid an uneven dye job on cotton and linen, boil them for an hour

in a solution of 2 g of soda and S$g of soap (page 24) per 1 liter of water. If the

dye is obtained from berry juice, add 100g of salt to 8 glasses of water and boil

for about an hour; ifit’s from vegetable juices, add one more part of vinegar

to four parts of water. Hold the prepared fabric in a vat of paint for 30 minutes

then soak for another 25 minutes in a vat of potash or metal salts: aluminum,

chromium, iron, copper (page 110). If they are not available, use natural

fixatives: formic acid or vinegar.

Thematerialyouusefor thehair ofyour brushdependson thedesiredstroke
thicknessand thetypeofpaint. Forfinestrokes,usebrushesmadefrom
thetail hairsofa squirrel,sableoryellowweasel.Thefinestsamplesare
harvestedfrom malesin winter.Youcanalsomakebrushesfrom thetails
of amongooseor badger,from behindtheearsofa ponyorgoat or hairfrom
theearsofcowsand buffaloes.



MATERIALS

fyou want to delight your friends, ignite fireworksto celebrateyour But there are far more interesting applications for this powder. Ignition

victories or fightyour enemies,you'll need an explosive— gunpowder. cartridges, for example,can be used to power a rocket engine or an ejection

When it burns, it quicklygenerates a lot of heat and gases that propel seat.
a rocket or push a bullet out of a gun barrel.

How doesa powder
booster work?
Sulfurand charcoalburn
in thepresenceofoxygen,which
isproducedbyheatingsaltpeter.
Thisensuresthat thegunpowder
burnsevenlyevenin anaerobic
environments,releasinglarge
amountsofhotgases.
Thisis whatpropels
a rocketforward.
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MATERIALS

SALTPETER

You can speed up the process with urine. Make a compost pile of manure, food scraps, straw and limestone. Cover with

It's a great rawmaterialand a breeding
groundfor thebacteriainvolved
in oxidizingammonia.

topsoil to reduce gasleakage.During the decomposition process, ammonia

is released,which accumulates in the straw,where bacteria convert it to nitric

acid. This reacts with the limestone to produce calcium nitrate.

After a year, soak the contents of the pile in water, and then add ash to the mix.

Calcium carbonate settles to the bottom, and potassium nitrate — saltpeter —

> remains behind in the solution. Leave this solution to dry. Now the saltpeter
\ crystals are ready!«
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CHARCOAL

Find wood with a low resin content (beech, oak, aspen, alder or birch).

Place in a sealed clay or metal vessel. Add an exhaust pipe fitted with a water

trap to prevent dangerous fumes from escaping. Make a fire under it.

The charcoalfor the gunpowder should be left slightlyunburned —

but onlyslightlyor the gunpowderwillburn too slowly.

SS

BRIMSTONE

If you are luckyenough to livenear
a volcano, look around for sulfur

(a soft and brittle mineral with

a distinctivecolor rangingfrom
bright yellowto grayishyellow).

If pure sulfuris not available,find
sulfideores (page 110).Taketwo pots. Allyouneedto do iscombinethree

componentsin therightproportion.
Thesearesulfur(10-25%),
charcoal(15-25%)
and saltpeter(SO-75%).

Make several holes in the bottom

of the upper pot and a drain tap

in the lower one. Place the ore into

the upper pot. Make a fire. Melted

sulfur will flow into the lower pot

and through the tap into whatever

vessel you have placed there.

Moistenwithwaterandform into
cakesthendryandgrinduntil
you'releftwithcoarsegrains.
Thisisgunpowder.

Be careful! You don't want

the sulfurous fumes to ignite.



iscovery of oil will start new engines of your

civilization, taking you into a new era. You will

be able to move much faster — drive, fly,swim

and conquer space and the depths of the oceans.

MATERIALS

But oil is adouble-edged sword — what improves

the quality of human lifecan also takea toll
on the environment. Try to strike a balance so that

in a few hundred years you won't be trying to find

waysto savethe planet.

Of course, discovering a petroleum seep is nice. But not much oil can

be extracted from the surface of the earth. More often, oil lies deep

underground in natural pockets. To reach them, you need to drill a well

and pump out the oil. You'll need a giant drill (page 144) to create a deep hole

(2000-4000 meters or more) in the earth. It will have to be periodically raised

so you can clear the crushed rock from the bore hole.

When you strikeblackgold,submergethe deep piston pump (1) into the well.

It willbe drivenby the pumpjack (2). It canwork on anydrive,from a steam

engine to electricity.

Oil isformedin deepsedimentarylayers,
whichcanbereachedbydrilling.But there
areplaceswhereoilshootsfrom theground
ingeysersofliquidandgaseoushydrocarbons.
Thisnaturalgas isflammable,Youwillneed
to combustit and usetheheatduringtheoil
refinementprocess(page118).

Oil oftenleaksinto bodiesofwaterdue
to erosion,soyoucan oftenfind oilsources
by the thinfilm on thesurfaceof thewater
in reservoirs.Viscousliquidmasses
that seepoutwardundergofurther
biodegradationand oxidation
at thesurface,eventuallybecomingthick
and resinous.Thissubstanceisnatural
bitumen.It canbeusedin construction.

OIL PUMP

When the piston moves from the bottom (A) upwards, a vacuum is created

in the lowerpart of the pump chamberand oil is suckedthrough the valve(B).
When the pistonbeginsto movedownwards,the suctionvalveclosesunder
the pressureofthe pumped liquid (C), and it beginsto flowthrough the hollow
channelofthe piston and dischargevalveinto the liftingpipes (D). During
the continuous operation of the pump, the oilpumped by it begins to fill
the internal volume of the lifting pipes and, as a result, is directed to the surface.



~MATERIALS OIL REFINING

OIL REFINERY

Oil is amixture ofsubstancesthat canbe separatedinto components, The lightestcomponentswith the lowestboilingtemperaturesrise to the top,

that is,fractions,usinga rectifier(page 118).At the firststage,the oil enters whilethe heavyones remainat the bottom. In the upper part of the column (9),
the tube furnace (4) through pipes (3), where it isheated by burning gas (5) gasoline,which condensesat 50°C,is removed;then naphtha (10) at 100°C;

to 450-500°C. At this temperature,it isno longer a liquidbut a vapor.Through then (11) keroseneat 200°C;and in the lowersection (12), fueloil at 350°C.
the pipeline (6), it enters the fractionatingcolumn (7), where the oilvapors

are cooledby refrigerationunits at the top (8).

Gasoline is highly flammable. Therefore, it can

be used asa fuel for an internal combustion engine Naphtha can be used asa diesel fuel

(page 244). It is also a good solvent that can be or solvent. And at high temperatures

used for extracting various substances from plant it can turn into gasoline through
materials — for example, rosin (page 200). a process known as cracking.

Oils can be used to lubricate machine parts, and tar
can be used in construction.

Ifyousoakpaperintar,youget
anexcellentroofingmaterial.
And ifyou mix tar with sand and
gravel,you get asphalt (page 150)

to cover roads. Clean tar is suitable
for waterproofing, for example,
the skirting around houses (page 158).

Ata

Kerosene burns just aswellas gasolinebut does
not explodeas easily,so it’sa good fuelsource
forlamps,burners or stoves,aswellas turbojet
engines(page 224) or metal cuttingand working
machines(page 144).

Fuel oil can be used to heat industrial furnaces

and water boilers. Or you can choose not to burn

it, instead sending it through a pipeline for further

refinement (13). The fuel oil is heated again

in a tube furnace (14) and entersa fractionating _—

column(15),wheremineraloils(16)andtar(17) T (5)
can be extracted from it.







ifeisunpredictable,andyou neverknowwhat it mightthrow atyou.

Thingsmaybreak,tear,comelooseorgoawryin someunexpectedways.
Amultitoolwillhelpyouapproachtheseproblemsfroma differentangle,

Ifyou don’tknowwhattoolto bringalongwithyou,simplybringthemall.



__ MULTITOOL

It takes a lot of tools to make one pair of boots.

Youcan’tcobble pieces together ona flat surface;
you need a model carved from wood. This will

allow you to give the shoes the desired shape.

Good boots only come from well-dressedleather
(page 78) — ox,buffalo,elk, alligator,even snake

or eel skin will do. In order to sewthis thick, dense
material,you'll first need to punch holes with
an awl or drill. Ordinary threads won't do.

You'llneed thick, rough fibersmadefrom hemp
or linen (page 54).

The sole can be made of durable rubber (page 116)

or severallayersof thick leather soaked in glue
and pressed together (page 140). All that’sleft

to do is attach the sole using copper nails and add

a tapered heel. There’sa reason they're structured

this way.Tapered heels won't get stuck inside

stirrups, allowingyou to quickly dismount
from a horse without breaking your ankles.

And don’t forget to add a thick leather insole

to protect the bottom of your feet from injury.

Now your boots are ready! A pair like this

will last you a lifetime.
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he world created by nature is balanced and harmonious. But in order This means coming up with measurement conventions for various physical

to maintain their own sense of harmony, humans need to agree qualities, such as time, length, mass and temperature.

ona standard paradigm for viewing and understanding the world.

TIME

You can measure time using constant natural processes, such as the rotation

of the planet around its axis. To build a sundial, take a flat circle and fix

in its center a pin, known as a gnomon, at a right angle.Angle this whole
dial so that the gnomon is parallel to the axis of rotation of your planet.

To determine what the axis of rotation is, find a fixed point in the sky at night

around which all the other stars revolve. Point your gnomon in this direction.

Place the gnomon standing up perpendicularly on a round dial then divide

the circle into any number of equal radial sections. One division will represent

one unit of time in your new system. Give it aname — for example, “hour.”

When the sun is at its highest point, the shadow of the gnomon indicates

the starting point for counting — noon. From this place, you need to divide

the circle into equal intervals: N hours in one direction, N in the other.

For practical purposes, it is better to divide the hour into smaller units.

The one drawback is that you can only tell the time during the day and
in clear weather.

WATCHES LENGTH

At first, the sun and the rotation of the planet around its axiswill help you So nowyou have a standard of time: a second. Using this, you can create

measure time. But this device is not entirely accurate nor very convenient for a standard for measuring length. Make a pendulum: take a rope or, evenbetter,

measuring short periods of time. You'llneed a watch (page 166). For longer a thin rigid rod and attach a weight to one end. Pull it back slightlyfrom

periods of time, use units such as “week,“month” and “year,”consisting its equilibrium position and release.Adjust the length of the rope or rod

of an integer number of days. Make one year equal to the period of revolution so that one full swing — the time it takes to travel all the way back to the release

of the planet around the star. point — occurs in two seconds. The length of this pendulum is one meter.

You can subdivide this into smaller segments for ease of measurement.
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TOOLS MEASURING TOOLS

VOLUME AND WEIGHT

Take your unit of length — the meter — and divide it into

10 equal parts. Forma clayvesselwith a cube-shaped inner cavity

with a width, height and depth of 1/10 of the length standard.

Fill the resulting cube-vesselwith water, and you'll have a unit
of volume, conventionally known as the liter. And the mass of this

volume of waterwillbecomea unit of mass — a standard kilogram.

;
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TEMPERATURE

Youcan measure temperature with the help ofathermometer— —_Youcan calibrate the instrument using a simple two-point

a thin glasstube with a small glassbulb on one end. Fill the tube method by taking two set temperatures and dividing the distance

with mercury then pump out excessair and seal.When the bulb between them into 100 equal parts.

touches the object you're measuring, the mercury expands and

rises up the tube, indicating the temperature of the object using
scale markers that run up the thermometer.

\
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VERTICAL

Use a plumb line to determine the vertical.

Tie a load to the end of a rope. The gravity

of the earth is pulling towards the center of mass

of the planet, so your rope will always
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be absolutelystraight and vertical.

HORIZONTAL

For your buildings to be stable, they need to be level: the supports vertical,

and the ceilings horizontal. An easy way to build a horizontal line is with

a transparent tube of small diameter in the form of an arc of large radius.

Fill it with water tinted for better visibility. When the liquid level in both parts

of the semicircle of the tube is at the same height, the line connecting them

will be strictly horizontal.



he orbits of the planets, the seasons of the year,even history itself move _Ifyou're reading this book, you probably alreadyknow that round objects roll

in grand circles.Thewheel of lifekeeps turning. With so many wheels more easilythan square ones. But sometimesa civilization’stechnological

all around us, there’sno need to reinvent one. regression can be so severe that they forget how to make a wheel by hand.



the challengecanbe overcome.Evena squareblockcanbe whittledinto a round
wheel.Glueseveralblocksofwoodtogetherinto a roughcircle(I), and then
whittleawayallexcessmaterial(II). Tokeepthe wheelfromfallingapartand
makeit morewearresistant,wrapthe outeredgeofthe wheelina steelstrip (III).
Heat up the steelrimbeforeinstalling,then slipoverthe wheeland sprayit with
coldwaterto coolit quickly(IV).Thiswillcausethe steelto shrinkandhug
the wooden wheel underneath. If you add a rubber sheath with an inflatable

rubber tube inside, you can create apneumatic tire (V). This will act as a shock

absorber, dampening any bumps in the road, and can be used on bicycles

(page164)orotherwheeledvehicles.

SPOKE LACING

Spokesallowyou to reduce the weight of the finalproduct without
compromising strength, They center the rim, redistribute the load evenlyand

provide stiffnessto the wheel.When the spokes are laced "crosswise,"each
of them crosses one another from one to four times. "Compacting" the lacing

cross patterns and increasing the number of spokes improve the wheel's ability

to absorb vibration from the road. The greater the angle between the spoke

and the radius of the wheel at its mounting point, the more evenly the load

will be distributed. In a perfect wheel, it’sat a 90° angle.

THE STRUCTURE

OF THE WHEEL

If this isyour firsttime makinga wheel,start

with a simplecartwheel design.The centralpart

of anywheel is the hub (1). Thisconnects

the spokes (2) to the rim (3). The hub connects

the wheel to the shaft,which iswhat makes
the wheel turn. Already made a pair of wheels?

Connect them by running a shaft through the hub

of each. The wheels will now spin in sync. This is

the first step in making a transportation device.

BUILDING THE WHEEL

Makingan evenand round wheelwith simpletools isnot easy.However,



ne ancient legend states that God molded man from clay.But why

clay?It’seasyto shape,widely availableand retains its form after

it hardens. Perhaps God had his own, more symbolic reasons,

but this iswhy wevaluethe materialso highly.

As highlysymmetricalbeings themselves,humans havean inherent desire
to make everythingeven.Of course,there are alsopracticalreasonsfor this.

The task ofmakinga perfectlyround claypot ismade significantlyeasier

with the help ofa potter's wheel.

HOW IT WORKS

The lower flywheel (1) turns the shaft (2), which holds the turntable

on top (3). The heavier the flywheel, the more even the rotation will be.

Use a dense wood or stone. To avoid having to turn the flywheelwith your
feet, you need an external drive (7). This turns the wheels through the drive

belt (6), transmitting the rotation to the shaft of the potter's wheel. In order
to ensure constant movement, usea clutch disc (5) controlled by pressing

the pedal (4) to regulate the rotation of the turntable.



POTTER'S WHEEL

OPERATING TECHNIQUE

Right-handedpotters spin counterclockwise;
lefies,clockwise.
1. Place the clay in the exact center of the turntable. |

Knead it by pushing the mass into the table with

the heel of your palm then folding it back over

itself. Repeat several times.

2. Begin rotating the wheel and, without stopping,

use the tip of one thumb to create a dimple

in the middle of the clay lump. Use your

dominant hand to shape the walls of the vessel

while the other wraps around the outside

of the wall for support.

3. You can widen the base of your pottery,

if necessary. Put pressure on the inside wall

of the cylinder, pushing it out from the center

and supporting the vessel with your other hand.

To narrow the vessel, use your outer hand

to press towards the center. Jiggering

is the process of shaping flatware, such

as plates. A similar technique, jollying, refers

to the production of hollowware, such as cups.

4. Work from the bottom up: Place the fingers

of one hand inside the vessel and provide

resistance from the other side with your other

hand. Slide your hands up, “lifting” the walls

of your pottery.

5. To smooth out your walls, use a scraper,

such as a thin metal plate, and wet the surface

of the vessel with a moist cloth.

6. When finished, remove the ware from

the wheel. To avoid damage, separate

the vessel from the turntable using

a thin metal wire.

THE CLAY

Dry the clay (red or white) collected in the quarry.Breakit up into smallpieces

and coverwith water.Wait until the clayhas dissolved into the consistency
of milk. Leave it for 10 minutes until the sand and other heavy particles have

settled to the bottom. Carefully pour the clay solution without residue into

another container. Wait a few hours until the clay has settled to the bottom.

Then drain the water and put the clay into a plaster mold so that it absorbs

the excess moisture. When the clay is ready, it will not stick to your fingers

but will remain soft and yielding.

DRYING AND FIRING

Place your pottery in the kiln. The most important part of the firing process

is graduallychanging the temperature without heating too rapidly,as this

will cause cracksto form. Graduallyraise the temperature to 1000°C—
but no faster than 100degrees an hour. Ifyou heat it in a fire,place it in sand

to avoid rapid heating. Firingwill make your pottery strong and durable.



he knifeis the kingof tools.It’sa universalweapon,at once a device The best material for making a knife is steel (page 240). In order to improve

for stabbing,chopping and cutting.The main component — the quality of the metal, you'll need to cast and shape it using a forge —

the blade — must undergoa seriesof trials,passingthrough both an oven that is able to rapidly reach very high temperatures.

flameand water,eachstep onlymakingit stronger.

FORGE

Meltingmetal requiresextremelyhigh temperatures.Bring
the heat with a forge.Makea fire-proofbowl for burning coal (1).
Placea nozzle (2) at the bottom to inject combustableair into
the system.To collectthe volatileproducts of this combustion,
make a cone hood (3) and connect it to the chimney (4).

FORGING

A forgedblade is more resilient than regularsteel.Start with two

layers (I), one ofhard carbon steeland one of soft,low carbon steel.

Heat in the forgeand strikewith a hammer (II). Fold in half,heat

againand strike.During this process, impurities in the steelare

removed and the layersarewelded together.Youcan make even

more layersby foldingit in half once again (III), reheating and

forging,As a result, the lower layerswillmove outward and

apattern willappearon the blade.Ifthere were 8 layerson
the initialblade,once it is reforged,there willbe 16,and then 32,
64, and so on. Themore layers,the higherthe qualityof the blade.
Theoptimalnumber isbetween 300 and 500layers.Thisproduces

a compositeknown asDamascussteel.Togivethe blade a zigzag
pattern, twist the platesintoa spiral.One twistwillproduce steel
with a diagonalpattern (A), twowillproduce an angular
pattern (B),threewillproducea zigzag(C).

Repeatedly heating the steel and then cooling it by plunging it into water Once the blade is cooled, it becomes much harder but loses some

hardens and fortifies the blade. Long, curved blades should not be immersed of its strength — hit it against stone and it will shatter. To avoid this, reheat

vertically but almost horizontally, with the tip down, and not in a barrel the blade for an hour, and then let it cool naturally.

but in a horizontal trough of correspondinglength.
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SHAPING

Bladeshave a complexshape. The crossguard (1) prevents the fingers
from slipping from the handle onto the knifeblade. It often takes the form

of a bar running perpendicular to the blade,which is sometimes curved
towards the blade. The handle may have a cross-haired surface for the thumb.

A deep groove (2) near the cutting edge (3) also protects againstslippage.

The handle, made of two wooden or bone plates, can simplybe fit over

the top of the blade using screws.Or carve a hollowhandle froma single

piece of material, slide the blade in and then attach with glue or by driving
thin wooden wedges into the spacebetween the handle and the steel.

BALANCING

An important characteristic of the knife is its balance, that is, its center

of gravity. Ashift of the center of gravity towards the tip increases

the chopping properties of the knife and facilitates throwing. If it’s more

towards the middle of the handle, it makes the blade a lot easier to handle

and maneuver. You can determine the center of gravity by balancing the flat

side of the blade on one finger.

Knifebladescan takemanydifferentforms.
Thebevelcan bestraightor concave,half
or a thirdofthelengthoftheblade.

ZS

TREATMENT

Grinding is finishing the blade to produce the desired size and

shape while removing any protrusions on the surface. Different

knife shapes are used for different purposes. Auniversal knife with

one cutting edge and one blunt edge is the easiest to manufacture.

The more rounded the blade, the better the knife will cut.

Polishing smooths out any remaining unevenness on the flat

sides of the blade. Use stones ofvarying coarseness:start with
the coarsest then work your waythrough to finer-gritstones.
For the finalstep, use iron oxidepaste (page 110) mixed with

paraffinwax (page 84).

You'llalso need to sharpen the cutting edge of the blade.

You can use the same stones as you did for polishing. Find a stone

of the right coarseness and lubricate it with oil or soapy water

then run it across the cutting edge of the blade with smooth

movements, gradually removing excess metal. It’s important

to maintaina consistentanglewhilesharpeningthe blade —
from 25-40 degrees.The anglemayexceed40 degreesforheavy
knivesor axesdesignedfor choppingbones or wood, aswell
as for swords that break through armor.
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ICTTAPE
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hat one man can create, another can break. Repairing such breaks Hunters and nomads make glue from the bones and sinews of wild animals

requires glue, which can be made using materials that we'd or cattle; seaside communities use fish scales; and those surrounded by forest

normally throw away. make it from conifers.

THE PROCESS

Crush your animal bones and cartilage and finely

chop any sinews, ligaments and pieces of skin. Pour

some water over this gory mixture and let it boil

for a few hours on a low heat. Do the same if using

the scales leftover after cleaning a fish. The adhesive

that is created by prolonged boiling of animal

connective tissue is known as “animal glue.”

When the mixture begins to boil, filter it first

Wait until the liquid cools.
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through a coarsesieveand then througha finecloth.

The collagenwill gradually turn intoa jelly-like

substance. Thisglue can be dried and crushed into

pellets. When you need to glue something together,

allyou have to do is rehydrate it in a small quantity

of hot water. Ifyou're using the glue for carpentry,

book binding, casts,etc.,glue made from animal

hides or fishscaleswill suffice. Ifyou need a more

serious adhesive,you'd better use glue made from

bones and cartilage— it contains more collagen.



GLUE & DUCT TAPE

DUCT TAPE

Take a piece of cotton, linen or hemp

fabric, preferably with a rib weave.

This is produced by using one heavier

and one lighter gaugeyarn, alternating

the weaveso that the heavyyarn creates

a ribbed pattern acrossthe fabric.Fabric

with this weavetears easilyin one

direction but is much harder to tear

in the other. Cut the fabric into long

strips and applyglue to one side.

Now,your “tape”is ready to use.

Youcanneverhaveenoughtape!Makean adhesive
applicatorso thatyou'llhavea steadysupply.Wrapa strip
ofclotharounda bobbinand run it throughtwometalrollers.
Placea containerofglueunderoneofthem.Whenthehandle
is turned,therollerpicksup theglueand evenlyappliesit
to the undersideof theclothas itpasses through.

PINE RESIN GLUE

Cut a shallow incision in the trunk of a pine tree and resin

will come out. Melt it until it becomes a liquid. Be careful —

pine resin is flammable. The best way to melt it is in a double

boiler or hot water bath. Add some ash from the stove

or pulverized charcoalfroma fire.Apply the resultingmixture
to whatever surfaceyou want to glue and let it harden again.

A good wayto savethis kind of glue is by dippinga stick into

the liquid glue and letting it solidify.When you need to use it,

all you have to do is heat the end of the stick to make
the adhesive soft again.

ie
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hen two metal parts are welded together,

the atoms of both intermingle. As a result,

the parts are essentially fused into one piece

with a connecting seam. To achieve this, the metal parts

must be heated to extremely high temperatures
and even partially melted. This can be done

in different ways.
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GAS WELDING

An oxy/gas flameburner generatesvery high

temperatures, especiallyifyou use a gaswith
a high combustion temperature in oxygen.

One of the best options in this regard is acetylene.

To obtain it, you first need to get calcium carbide:
heat limestone at a high temperature, and then

calcine (heat to a high temperature without fusing)

the resulting calcium oxide (quicklime) with coal

in a furnace.

Pour the resulting calcium carbide into a metal
container (1) with two compartments: one

containing water (2), and the other, carbide (3).

When water enters the compartment with carbide

through a tube (4), a chemical reaction will occur

and acetylene will be formed, which will then be

forced back into the water chamber by the pressure.

If the pressure inside is too high, the acetylene will

also displace water from the reaction zone.
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In the burner (5), the gas is mixed with oxygen
from the cylinder (6) and ignited. What you're
leftwith is aburner flame.Use valves (7) to adjust

the height of the flame and the ratio of acetylene

to oxygenin the fuel.To make the seam even and
strong, use a welding wire (8). The molten metal

will fillin the irregularities, creating an evenweld.



ELECTRIC WELDING MACHINE

Youcan also weld metal using electricityby creatingan electric arc,
In this case,electrical energy is converted into heat. The heart of the electric
weldingmachine is a powerful step-down transformer (9) (page 197),

which lowers the voltageand increasesthe current. Two coilsare placed
in the transformer to regulate the current. The primary (10) is made from

a thinner wire with a large number of turns, while the secondary (11)
is made from a thick wire with fewer turns. These coils are installed

ona closedmagneticcircuit (12) made of iron plates.Usinga rotary
handle (16), you canbring them closertogether or farther apart,
thereby adjustingthe weldingcurrent.

To weld a seam, connect the primary coil to the electric current and one end

to the part that needs to be welded (14). When the secondary circuit is closed

or broken between the electrode and the metal surface of the part, an extremely

hot electric arc is produced.

NIPRINTTNSIPOSCL WROTETINESS PEETERS

Touching the electrode to the workpiece (15) will close the electrical circuit.

of the secondary coil to the welding rod holder, the electrode (13) andthe other _Thisheats up the end of the electrode. After that, move the electrode back from

the part by around 3-5 mm. Thisproduces an arc of electricaldischarge,heating

the piece to extreme temperatures until it starts to melt. The end of the electrode

will alsobegin to melt, fillingthe gaps in the weld (15).



machine tools for the Industrial Revolution workshop. A set

5 athes, drills and millingmachines are three fundamental and crucial

of interchangeable gear wheels connecting a lead screw and chisel

tips of different shapes will allowyou to produce parts with a high level

of technical precision. Now you can develop all spheres of production.

Lathes are used for making radiallysymmetric

items. The workpiece rotates at high speed while
excess material is removed using a cutting tool

running along the side. This is a versatile machine

that is suitable for a variety of applications, from

the finest of watch gears to parts weighing

hundreds of tons.

CUTTER

A milling machine holds the workpiece still
and uses a rotary cutter to remove material

from the surface.It’scapable of filing,polishing,

engravingand carving fine details in practically
any design. But to make one, you needa rotating

cutting piece made of very hard metal.

The cuttingpiece of the drillmust be sharpened at an angleto effectively

removelayersof metal. It must be made ofhardened carbon steel (page 138)

with a carbon content of 0.7—1.3%.Thiskind of steeldoesn't dull easily.

A drilling machine can bore holes in different

materials ofvarious diameters. For drilling small
holes in wood, you can make a hand- or foot-

operated drill. For drilling through metal, you need

amore powerful drive such as, for example,a water
wheel (page 234).

Different drill bit designs serve different functions:

¢ Acircular bit (1) is used for drilling holes

with a large diameter. The cutting edge is either

lined with soldered teeth made from a hard

alloyor has a diamond chip plating. These

kinds of drill bits will serve you for a long time,
but if they overheat, you'll no longer be able

to sharpen them.

¢ Brad point bits (2, 3) are the more modern
version of the circular bit and are externally

threaded like a screw to remove excess material

from the drill hole.

« Conical bits (4) make holes of different sizes.

The shape of the hole depends on the diameter

of the upper and lower parts of the cone,

as well as on the bit’s penetration depts into

the material.

¢ Twist bits (5, 6, 7) havetwo longgroovesthat
spiral around the bit and remove cut material

from the drill hole while drilling.



MILLS, DRILLS & LATHES

LATHE

Thismachinehasa sturdybase (1), which holds the spindle — a rod equipped
with a device (2) for securingthe workpiece(3). The spindle rotates

the workpiecealongits axis,and the cuttingtool mounted on the tool post (4)
ismovedalongthe length of the workpieceusingthe handwheel (5). Changing

the cuttingdepth of the tool allowsyou to createthe profileof the workpiece.
Optionally,a drillbit canbe mounted in the tailstock(8) to bore-out

the workpiece.

Cast iron base — absorbs vibration well

. Spindle—for holdingonesideoftheworkpieceinplace

Workpiece— theitembeingshaped

Toolpost — the solid surface on which the cutting tool rests

Handwheel— movesthetoolpostalongthelengthoftheworkpiece

Beltdrive— transmitsrotationfrom themotorto thespindle

Gearbox— changesthespeedofrotationoftheshaftfor workingwithparts

madefrom softorhard metal

8. Tailstock— holdstheotherendoftheworkpiecefirmlyinplace

PeatCSOeeuSS
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uilding your civilization brick by brick is not as difficult as it may

sound. In fact, it’sa very simple and cost-effectivebuilding material.

All you need is clayand heat. But not just any claywill work —

it needs to be compacted and slightly frozen. The best time to BAER ‘tha DAS AUR ‘|

clayis in the fall,but ifyou have a strong need for bricks

in the spring, fear not: Youcan achieve the same effect

by weathering or carefullykneading the clay

BUILDING

for a long time.

MOLDING

Mixingclaywith a stickor your feetis alongand arduousprocess.Betterto build Dryingtakesabout aweek.Ifyou don't takethe time to dry yourbricksfully,steam

apugmill—a flat-bottomed,circularmixingchamberwith aweightedpaddle maycausethem to crackduringthe firingprocess.When buildinga frame,keep

attachedto somesort ofpullingforce.Once the clayismixed,youwillneed in mind that the brickshrinksby 10-15%in the kiln.

to shapeit.Themost convenientwayto do thisislayingthe clayout ona table,

slicingthroughitwith a wireand layingit inwooden frames.

FIRING

The best way to stack bricks in the kiln is in a herringbone pattern so that

the warm smoke will envelop each brick, and the whole batch will dry evenly.

This process may take up to twelve hours. Then you'll need to crank up the heat

and fire the bricks.

Regulatethetemperaturebyobserving

thecolorof thematerial:

Dull red glow — 450-500°C

Dark red — 600-650°C

Cherry red — 700°C

Red-orange — 850°C

Yellow — 950-1000°C

White — 1200°C!

Ceramic bricks go through an entire cycleof firing.

Theyhave lowwater absorption, so they’re frost

resistant and hold onto heat well.Unfortunately,

they’re also quite brittle.

Clinker bricks are obtained from a mixture ;
of refractory clay(kaolin) and feldspar fired ;
at higher temperatures (1100-1300°C). "

At these heats, the brick liquifiesand fuses together, _

completely eliminating any defects or air bubbles. j

Thesebricks do not absorb water and are extremely j

strong, durable and frost resistant.

Raw brick is not firedbut dried in the open air.

If you use the right kind of clayand dry it well,

it will serve just aswell as a red firedbrick.
You won't be able to build skyscrapers, but it'll

do for a small building.

Adobe brick is a raw brick fortified with

another material: straw, sawdust or manure.

Retains heat well.



BUILDING BRICKS&CEMENT

CEMENT MORTAR

Making mortar is a lot like mixing dough. First, a mixture of 75% limestone

and 25% clay is sintered in a kiln at a high temperature and then cooled.

The resulting granules of clinker are mixed with a small quantity of gypsum.

Add water and sand and your cement is ready. All that’s left to do is build your

brick wall using the mortar to stick everything together. After a few days,

the solution will harden and become water-resistant, meaning that
the structure won't wash away after the first rain.

Don't forget to stamp your special insignia

into your bricks before firing.That way,

everyone will know who to contact for such

excellent craftsmanship.

You can also chop straw into short pieces and add

this, other fibrous plants or dried manure to your

bricks. These additives fortify and improve

the thermal insulation of your building materials.

But beware: These bricks won't last as long as fired

bricks, as they'll disintegrate faster in the rain.

Use a hollow tube to create grooves in the brick

during the molding process. This will reduce

the overall weight of the brick, thereby reducing

the overall load on the foundation. These bricks

are also three times more effectiveat trapping heat.

Sawdust can also be added to produce the same

effect.During firing, the sawdust shavings

burn away,leavingpores that improve
thermal insulation.

The more bricks in the wall, the wider and more stable it is. But there’s a clever

way to conserve your bricks. Make the wall curvy. Even if you only lay one row

of bricks, it will be more stable than a flat wall.

INSULATION

The cold and biting wind of a harsh winter rolling in will always be a problem,

no matter how thick you build your brick wall — unless you use insulation.

To do this, make a brick sandwich using two layers of bricks as bread with

a layer of felt, sheep’swool, pressed flax,peat or hemp as filling.Make sure

the wall cavity has a little ventilation; otherwise, the insulation material inside

will get wet and rot.

. ,

1. Innerpart of the wall,composed 6. Cementfoundation
oftwointerlacedlayersofbricks 7. Blindarea,a waterproofingstrip

2. Thermalinsulationmadeoffelt laidat thejunctionofthewall
3. Anchorthat holdsthe inside andfoundation

and outsideofthewalltogether 8. Cornice

4. Outerbrickfacade,composed 9. Floorbeam
ofa singlelayer

S. Floor joists offer horizontal structural

support and transfer the load

to vertical structural elements

FOUNDATION

Load-bearing walls don’t rest directly on the ground but rather on a foundation

that redistributes the load. It is made of concrete or reinforced concrete

(page 158). Waterproof the walland foundation and coverthe areawith

earth. Without a waterproofing strip, the wall will become damp and mold

will develop.
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BUILDING

dvancingcivilizationrequiresbuilding public infrastructure.
And first on the list is roads. No state can exist for long without a well-

developed road system. Roads help reduce labor and transportation
costs, settle new areas and grow the economies in towns along the route.

They also facilitatecultural exchange,which can be a treasure more valuable

than gold. |

To mark out the path ofyour future road, usea vertical staffwith two horizontal _ Nextis a layerof largestones to act as a drainagelayer.Then come severallayers
cross-pieces mounted on top. Hang small weights from threads, also known of crushed granite: the mid-sized pieces followed by the finest layer on top.

as plumb bobs, from each of the four ends of the cross bar. Place the stafffirmly This ensures that any voids formed in the lower layer will be filled in by

into the ground over the starting point of your road. Align two of the threads, the smaller stones, creating a denser and sturdier foundation. But don’t mix

or plumb lines, with your line of sight in the direction you want the road different grades of gravel in one layer,which instead will lead to resettling and

to travel.When you reach an intersection, use the other two plumb lines sinkholes. Cover this base with paving stones. Large cobblestones should be

to mark perfectlyperpendicular lines.Aftermarkingout the course and width shaveddown on the edgesso that they fit tightly together.Fillthe gapsbetween
of the road, dig a deep trench. It’simportant that you dig deep enough to reach the stones with fine gravelor cement mortar (page 148).

rocky ground or at least a harder layer of soil.Next, laythe foundation of your

road like a layer cake.The base is a cushion of compacted sand.

=)



BUILDING ROADS

ASPHALT CONCRETE

To make the road surface smooth, use asphalt concrete,

a multi-component mixture that, when cooled, forms

a wear-resistant and moisture-proof coating. The basis

of the mixture is crushed stone and gravel, stone

chips and sand. Mix this with bitumen, a tar-like

product of oil oxidation. It should make up 5—7%

of the total volume. You can find bitumen in tar

sands, which are a natural conglomerate of sand,

water, clay, minerals and bitumen. To extract

the bitumen, you need to pour alot ofhot

water into the conglomerate, add an alkaline

component and mix thoroughly. The bitumen

particles will separate and rise to the surface. Before

mixing, bitumen must be heated to a liquid state

at a temperature of 140-170°C. If you need to make road

repairs down the line, simply crumble and reheat the existing

material, then re-roll on top. Youcan also layroads by mixing
tar extracted during oil refinement with sand and gravel (page 126).

Asphalt isprepared at a temperature of 140-170°C and must be laid
while still in its liquid state.That’swhyyour asphalt production center

will have to be located near your construction site.

and the road will be brittle. To ensure that the mixture is distributed evenly

across the surface, weigh a giant barrel down with sand and use it like

Ifthemixturecoolsprematurely,itwillbeverydifficulttopackdown, S 5

(
a rollingpin.

WOODEN PAVEMENT

Ifyou find yourself lacking in stone and sand, you
can use wooden pavements instead. Lay planks

of pine or spruce across a path like floorboards.

Paths like this will last 20-30 years. Planks and

small bridges made from wood will help you
traverse swampy wetlands.

CROSSWALK

To better control traffic, you'll want to make sure that all your pedestrians

are crossing the street in the same place. Create crosswalksusing stones that

protrude slightlyabove the main roadway.Thisway,pedestrians can cross

the street without fear of getting their feet wet or muddy in the rainy season.

Spread the stones out so that the gaps between them correspond to the width
GUTTERS of the wheelbase of vehicles in your city. This type of crosswalk will also help

Water erosion is a road’s worst enemy, so you'll need to dig drainage gutters. regulate traffic and prevent drivers from violating traffic rules, which will make

Make the roadbed slightly convex so that water will drain to the sides andinto —_your roads safer for pedestrians. Elevate and separate the sidewalk from

these gutters, which flowfirst to storm drains then into underground pipes the main roadway to create a curb, which will not only protect pedestrians

connected to the main sewer line (page 156). from collisionsbut also prevent soil from washing onto the paved part.
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hen there's a choice between beauty and reliability, architects often

favor the latter to ensure that their works will last for centuries.

But you can avoid sacrificing aesthetics by incorporating arches

into your design.Archesare not onlybeautiful; they're alsosturdy.

The sturdiest design is known as a catenary arch. You can construct

one without any mathematical calculations or complicated

blueprints. All you need is a chain or a rope. The chain will sag

under its own weight and form a catenary curve. Take a photo

of it or sketch it, flipit upside down and you have a designsketch

foryour future arch.

A catenary arch can withstand the weight of the material from

which it is constructed without collapsing. The catenary is the ideal

curve for an arch of uniform density and thickness that only has

to support its own weight. The reason they’re so sturdy is because

they redirect the vertical force of gravity into compression force

along the arch'scurve.Youcan modify the curve design to bear

a largerload by hangingsandbagsfrom the rope in the places

where you're planning additional structural elements.

CABLE-BRACED BRIDGES

Arches are also essentialin the construction of largebridges.

Theycan replace the pylon —a verticalpole to which one or more

cables are attached to support the horizontal roadway of the bridge.

The roadwayitself mayalso take the form of an arch.

BUILDING

Theycan support the load ofhuge,vaultedceilingsmuch better than straight

beams.The secretis in the waythe designevenlydistributesweight.Arches

enableyou to implement the most incredibledesignsand erect structures

asloftyasyour aspirations.



BUILDING ARCHES & BRIDGES

There are compression forces acting on the curve, but stone

withstands compression well. The arch does have one structural

weak point: The force at the bases is directed horizontally.

It tends to push the support pillars apart, causing the arch

to collapse inwards.

Therefore,an arch bridge needs very resilientpillars thatA4ie : \

: y , will hold the bridge'sweight and resist horizontal collapse.
kh \7a ,
ey) AY; 44 But how do you build a pillar smackdab in the middle

ofa largebody of a flowingriver?You'llneed to temporarily

pump the water out around the areawhere you're building.

Start by driving long, narrow posts calledpiles (1) into

the ground usinga largehammer calleda piledriver.
Use thin, sheet-likepiles fitted together to make a watertight
chamber, and then pump the water out (2). Youcan achieve

si——]} | thisusingawaterwheeldrivingapump (page234).

Once the water is pumped out, workers can enter the box

to build the foundation. Once the foundation is set,

the pillars can be built on top. The pillars should be shaped

into a point towards the direction of the flow of the water,

like the bow of a boat. This way, they’Il reduce water

resistance and break through blocks of ice during the cold

months. This underwater construction technology can also

be used to build dam locks and support structures| 2f : forunderwaterpipelines.
dd

ARCH BRIDGES

To build an arch, you need a special support frame, known

as shoring. In this case, it takes the form of a semi-circle

forminga relief of the bridge. The stones you use should

be wedge-shaped to fit tightly into a curve.As soon

as all of the pieces are in place on both sides, insert

the last “keystone”piece in the center (4). It locks

the arch into place, balancing the lateral expansion

of the curved slab and making the entire
structure stronger.

A ‘

Me After the keystone has been laid, the shoring can

be removed, as the arch is held in place by its own

weight. Now you can reinforce the sides with

severallayers of stones and add a cobblestone

or asphaltroadoverthe top.



nce you possess the technology to make flammable material

fireproofand transforma brittle material into something as strong
as steel, you'll be able to makea reliable roof out of anything:

reed, birch bark, slate,wood.

TILES

Clay used for tiles shouldn't be too greasy or gritty. There’sa good test to make

sure your material is sufficientlyelastic: Alump of claythrown on the floor

should flatten out like dough, without cracking. Spread the clayin rows
on the ground and let it sit for at least a year. The clay should get wet when

it rains in the fall,freeze in winter and thaw in the spring. The more times this

happens, the better the material will be. Before sculpting, the claymust be

soaked for 2-3 days then thoroughly rinsed (make a pugmill from

a wooden barrel or a box containing iron knives attached to an axle).

To make sure your tiles are all identical, make a specialframe — a shallow container with

a movablepart that willsliceoffexcessclayandgivethedesiredshape.Flat tilesare theeasiest
toproduce,but curvedtilesprovidebetterprotectionfrom waterand are ableto withstand
strongergustsofwind.

Poke a hole in each tile so you can fasten it to the roof sheathingwith a nail.

Dry the shinglesfor 10days and bake them in an oven at a high temperature.

To improvewater repellency,coat the tiles with a glazingsolution before firing:

dry an oilyred clay(a natural claywith a high iron content) and grind into

a powder then dilute with water until it reaches a thick, milky consistency.

After firing,the tiles will turn red.

Shinglesarelaidinan overlappingpatternstartingat thebottomsothat theendproduct
resemblesscales.Thistechniquepreventsleaksintheroof.Theslopeofa tiledroofshouldbe
at least25°(otherwise,thewaterwilldrainpoorly)butnomorethan60°.

BUILDING

Even turf will work: blanket your roof and collect bouquets in the summer

by simply leaning out of the window. What's most important is that you
5
Ecorrectly calculate the load and the angle of the slope.

cois

THATCHING

A thatchedclayroofischeapand easyto make.But it’salsoveryheavy,so it'sbetter
to work on a frame. You can also add additional supports and cover both sides

of the roof at the same time to avoid overloading the rafters.

Dig two pits then linethe bottom and sideswith wooden planks.Fillthe bottom

of the firstwith layersof oilyclay,around 130-150 mm thick.Pour water over

the claybetweeneachlayer(2 partswaterto one part clay).Let sitfor6 hours then

stir.Pour the resultingclaymortar into the secondpit (in a 10cm-thicklayer).
Tie threshed straw into smallbundles. Lay the first layerof sheavesacross

the bottom of the hole then lay the second on top facing the opposite direction.

Pour another layer of mortar and stamp it in with your feet so that the straw

is completely saturated. Repeat until the pit is filled to the top with sheaves.

The last layershould be mortar.Placeboards on top,weighthem down with stones

and leaveto soakfor three days.Positionsheavesalongthe edgesof the pit to drain

offexcessclaysolution. Oddly enough, thanks to the clay,your roofwillalsobe

fireresistant.

Lay the sheaves from the overhang (1) to the ridge (2). Place the sheaf

on the batten (3), untie and straighten. Overlap the second sheaf on top

of the first, then the third on top of the second and so on until you reach

the end of the row. Attach the straw to the batten using iron rods. Smooth

with a rake every 3-4 rows and pour clay solution over the top. Nail two poles

to either side of the ridge (2) and use them to hook the sheaves on the last row,

which should form a gutter.



BUILDING ROOFING & TILES
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has : CF te bonesoftheroofaretherafters(1).Ontopofthis istheunderlayandsheathing(2)
onwhichthecoveringisattached—for example,tilesorstraw.Fromthebottom,thecells
formed bytheunderlayarefilledwithinsulation(3) suchassheepwool.Thelowerends
oftherafterlegs(4) reston thewallplate(5). Thisbeamservesto tietheroofto thewalls.
Thefoundationbeamrunsalongtheentirelengthofthe roof(6) and redistributestheload
of theroofto theroofsupports.Theridge(7) closesthejoint betweentheslopes.

FRAME

The foundation of the roof is its frame.Nailtogether

logsand planks to create the desired shape.Make

the sheathing — the part where you laythe shingles.

The frame must withstand the weight ofboth
the roofitself andthe snow.Ifyou decideto utilize

this spaceby makinga flatroof,then it willhave
to stand up to summer barbecues, swimming pools

and all the other attributes of a happy life.

Position the rafters so that the weight of the roof

is evenly distributed between the walls of the house

and the additional support beams. Make sure

the lower ends of the rafters rest on a well-anchored

beam to distribute the load from the roof.

Don'tforgettoadd a lightningrodanda drain.
Gargoyleswillprotecttherooffrom being

destroyedbytherains.



SEWAGE|

good house is more than just four walls,sturdy doors and a reliable This means having a well-thought-out sewage system. If you don’t

roof.Thecommode is,among other things,aplaceof contemplation, (quite literally) get your shit together, it may leak into the soil and
where we sit and solve the world’s most pressing problems. contaminate nearby water sources. You don’t want your lack of foresight

So a warm and inviting washroom is a necessity in any civilized home. to cause the next epidemic!

HAND WASHING BASIN

A cylindrical vessel with an opening at the bottom,

into which a drainage valve (1) is inserted, which

closes the drain. Press the back of your hand

against the flap from underneath and the flap rises,

allowing water to flow out.

CISTERN

Works using a hydraulic accumulator. The tank

is equipped with an auto-fill system consisting

of a rocker arm with a bob (2) at one end and

a valve (3) at the other. When the tank is filled

with water, the bob rises and the rocker moves

and closes the valve of the supply pipe.

The drainagesystemconsists of a handle (4)

connected to a plug (S$).When the handle is lifted,

the plug is pressed firmlyagainstthe drain hole

and keeps the water in the tank. When the handle

is lowered,the plug is liftedup and water rushes

into the toilet.

TOILET

The toilet is made of a bowl (6) anda trap (7),

an S-shapedbend in the outlet pipe. Thewater

layerinside acts as a seal,preventing air (that is,
unpleasant odors) from entering the room from

the sewer.

Sewer pipes can be made of wood. Sequoia will serve for a very long time.

Create a flexible structure with short pieces of wood that are secured together

with rings and hardwood dowels. Coat the joints with hot animal fat or resin.

f 156 |
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WATER SUPPLY & SEWAGEBUILDING

warming it up andPipes carrying the hot water run underneath the floor,Providingyour home with heat and water might take some creativethinking —
heating the house in the process. Don't be in too much of a rush to vent yourcombine everything into one system! A tank on the roof accumulates rainwater
chimney fumes — excess heat energy from the stove and fireplace can alsothat can then be heated using a woodfire stove below the house.

be channelled through the pipes as another source of hot water!
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You'll need to install

a waste storage facilityYYLLINYep|hg
water sources. When

somewhere far from

it's full

your home and any

the top layera]

of waste must not reach

the level of the outlet

pipe, so as to avoid

backup. Collected

waste can be used

or biofuel (page 90).

as a wayto produce
saltpeter (page 124)

ittLn.Y
SILLSSSS

eeSy)
TEAeeaeZzpoemee=

%

ERELEI

4

SS——

|4
Y,



&

rchitecture as a science emerges at the very moment whena builder's

sky-highambitions meet the physical limitations of the materials

available.Concrete and steel can significantlyexpand the horizon

of possibilities. Only when you combine the two can you start building

structures as lofty as your aspirations.

i

|ORCED2.CONCRETE= BUILDING

Concrete holds up well under compression but cracks easily

under tension. Steel rods have tremendous tensilestrength
but bend easily.Combine the two into reinforced concrete

to create a supermaterial that holds up well under both.
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BUILDING

CONCRETE

Mix cement, sand, graveland water. Ifyou use Portland cement (page 158)

as a base, the concrete becomes even more resistant to cold and moisture.
Portland cement is made by mixing clinkerand gypsum (which should

composearound2-3%ofthefinalproduct).Clinkerisproducedbysintering ae eee eee"
(fusingthe elementstogetherwithoutcompletelyliquifying)amixture ~ we F ry SN
of 75% limestone and 25% clay at 1300-1450°C.

REBAR

Cross girders and other construction elements exposed to flexuralstress
are constantly acted on by the opposing forces of compression and tension.

Thus, you'll need a frame made from metal rods. Assemble a grid of steel rods

in the desired shape then pour concrete over the top. You'll end up with

a reinforced concrete beam that resists both compression and tension.

A
N »

iN

FORMWORK
To create huge monolithic slabs, you need a formwork — a temporary Youcan make separate slabs of rebar and concrete in advance. All you need

todo at theconstructionsiteisassemblethemlikebuildingblocksintoyourfinal
structure.Theresultingconcreteboxmustthenbeinsulatedand connectedto utilities
(page156).Justdon’tforgetto layafoundationfirst. Thisisa load-bearing
supportstructurethat evenlydistributestheweightofthebuilding.In mostcases,

or permanent mold used for cement. Place the rebar frame and pour your

concrete. The reinforced concrete will be more durable if you tamp

the concrete down firmly. The rebar can be pre-stretched so that when

the concrete hardens, the rebar compressesthe material,makingit even thefoundationallayercapableofwithstandingsuchloadsisburieddeepbeneath
sturdier.Waituntil the mixture is fullysolidifiedbefore removingthe formwork. theground.Sowhilea relativelyshallowfoundationmaysufficefor low-risebuildings,
Thisishow a building is constructed — floorby floor,from bottom to top. you'llneeda deeppilefoundationfor high-risebuildings.

[ 159]
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ILL MECHANICS
ay

ngines convert the energy from burning fuel into the to and fro What ifyou need a piece to be at a certain angle or you need to change

movement of pistons that is then converted into rotation of a shaft. the speed of rotation without changing the running speed of the motor?

An electric motor produces rotation directly.But how can youtransfer _‘ For this, you'll need gears — metal discs with intermeshing teeth,

this motion down the line while increasing the torque, using it to power, say,

a largemachine?
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1. Spurgears 6. Rollassembly
2. Bevel gears 7. Guillotine blade

3. Worm drive 8. Guillotine release lever
4. Rack and pinion 9. Rolling millpress drive

S. Rollers



MECHANICS GEAR & ROLLING MILL

Ina gear train, the driving gear engagesthe teeth of the driven gear and transfers

torque. Spur gears (1) can change the rotation speed of the shaft. To do this,

the gears must havea different radius. Ifthe driven gear has fewer teeth than

the driving gear, the rotation speed will increase,while if it has more, the speed

will decrease, creating a corresponding increase in the torque. Bevelgears (2)

transfer rotational energy at an angle.Worm drives (3) are used to significantly

increase the torque, while rack and pinion gears (4) are needed to convert

rotational energy into forward momentum.

Gears can take many differentforms, so try to comeup with your own type ofgear
to solvewhateverproblemsyou haveat hand.

ROLLING MILL

Thanks to the fact that gears can increase torque as they transfer motion,

they can be used to create a useful tool called a rolling mill. Running steel

(either hot or cold) between rollers can make a thinner metal sheet or shape

a bar, such as for a train track. This operation replaces hammer-and-anvil

forging for the efficient mass production of steel. Arack-and-pinion will help

you cut the rolled steel sheet by making it easier to lift the guillotine blade.

Gravity will take care of the rest afteryou trigger the release lever (8).

GEAR PUMP

Gears can be used to createa reliable and relativelysimple fluid pump.

This assembly can pump highlyviscous substances such as oil or even molten

glass(page114).

The pump consists of two gears mounted in a sealed casing. It is important

that their teeth mesh tightly with each other and that the gaps between

the walls of the housing and the gears are minimal. As the gears rotate,

they create a void on the intake side of the pump, which is filled with fluid.

The gearscarry the fluid to the dischargeside,where the gears once againmesh
together, displacingthe fluidand forcingit out the pipe.

It takesa lot ofeffortto cut throughdensematerial with a guillotineknife.Thiswork
can befacilitated with the helpofa gear,a rackand a releaselever.Theleverwilltransfer
theforce to the transmission,whichconvertsthe rotationalmovementinto translational
movement,the bladewilldrop and the knifeedgewillproducea straightcut!



MECHANICS

ome inventions happen naturally, as if spontaneously willing By connecting two wheels to a solid frame and throwing on a chain

S themselves into existence, such as the wheel. Others require and a couple of pedals, you're left with a fun and efficientvehicle suitable

a chain of happy accidents to come into being. But for the most part, for both transporting heavy cargo and carrying friends in tow. Using

discovery is a long, uphill road illuminated only by brief flashes of insight. the basic principles behind its design, you can also come up with a variety

of other helpful devices and even start generating electricity.

Frame —Just likewith a human skeleton, This iron horse isperfect for tournaments and races. _ If the rider is prone to wearing long, flowyskirts,

everything rests on the frame. It can be made But keep in mind that all the bumps in the road you might want to consider making the frame
from wood or metal. Aframe in the shape of two willbe transmitted directlythrough the rider’sarms _ curved so that it’seasier for the stylish cyclist to sit

connected triangleswill be very rigid, making and willbe absorbed by the body, so don't forget down.
the bike easy to control. to equip the bike with shock absorbers.

Brakes — One part you definitely

don’t want to miss. Attach a clamp

with brake pads to the wheel rim

so the pads are hugging the wheel.

Run a cable from the brakes
to a handle on the handlebars.

When you squeeze the brake

lever,the cable pulls up and the pads

clamp together on the wheel rim.
The resulting friction causes the wheel

to stop spinning, and the bike slows

to a stop.

Chain drive — The heart of any bike.

The pedals act as levers that rotate

a shaftwitha largegear.Thisgear
is connected by a chain drive to

a smaller gear on the rear wheel axle.

‘Thiswheel provides the driving force,

setting the bike in motion. The front

wheel is for steering.



MECHANICS BICYCLES

BELL SHOCK ABSORBERS

A bell will warn people of your impending approach. When you pull down The wheels hold the entire weight of your body and the bike. Afew minutes

on the trigger, it grabs the teeth of a gear with its serrated edge. This sets into on the road and you'll start feeling the bumps throughout your whole body.

motion a pair of spinning metal discs attached to the base. These then hit Springs under the seat turn a bone rattler into a comfortable bike. Add a pair

the metal casing covering the mechanism, generating a loud sound. of inflatable tires onto your wheels and you'll have an all-terrain vehicle. Find

Don't forget the spring to return the lever to its place so the bell a tight rubber hose and fill it with air. Create a threaded nipple in the hose

will be ready for the next unwary pedestrian. so that you can screw on a pump and refill tires with air when necessary.

1. Basefor pair ofmetaldiscs 4. Pair ofmetaldiscs Steel spokes connect the wheel rim to the rotating hub in the center

2. Serratededgeofthe lever 5. Trigger
3. Cogwheel

of the wheel. They need to be evenly distributed around the circumference

of the wheel and fastened tightly.

Riding a bike is like
going through life:
To maintain your

balance, you have

to keep moving.

Moreover, the higher

the speed, the easier it

will be to control.
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MECHANICS

t's difficultto havean objectiveview of the passageof time.Depending
on one's current life circumstances, time either drags on or rushes past.

Keeping track of the ticking of seconds and the chiming of hours will help

establish communication between people and teach them to negotiate, plan
the future together and remember the past.

The main elements of a clock are the wheel train,

the escapement, the balance wheel and the clock

face and hands. For any mechanism to work

properly, it needs an energy source. In this clock,

weights connected to a chain supply this energy.

As the weights are pulled down by gravity,

they rotate the gears of the wheel system.

The pendulum, which oscillatesat a regular

tempo, acts as a stroke regulator.



MECHANICS

MECHANICAL CLOCKS

A simpleclockdesign uses the swingof a pendulum (1) to provide consistent

timing. On each swing, the pendulum triggers the toothed pallet fork (2)
to releasethe escapewheel (3) to turn by one tooth. Gravitygraduallylowers
the weight (4) and rotates the axle (5) through the gears (6). Thismechanism

regulates the rotation of the gear chain (7).

Ginn Brome)na
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TIMEPIECES

‘Thegears are arranged to precisely count the swings of the pendulum and turn

the clock hands (8) so that the hour hand completes one complete rotation

in 12 hours and the minute hand sixty times faster.

Theclinkofthepallet touchingtheescapewheelisthesource
ofthefamiliar tickingsound.

SPRING

To make the mechanism more compact, use a spring as an energy source

instead of apendulum and weight system. Use a thin coiled strip of annealed

brass or hardened steel (page 138). When you wind a watch, you're

tightening this spring. The energy released as it gradually unwinds sets

the watch mechanism in motion.

WATER CLOCK

Take a glass flask and make marks along the side in the unit of measurement

of your choosing. Water will drip from the upper vessel into the lower one,

gradually increasing the water level and indicating how much time has passed,

which can then be read on the scale. True, some of the water will evaporate,

which will skew the readings slightly,an effect that is especially noticeable on hot

sunny days. This just means you have to calibrate the drip rate from time to time.



to build that crane, you'll need another crane. But fear not,

this paradox has a solution! The crane can build itself.

ak o lift aheavyload to great heights, you'll need a crane,but in order

First,place severalsections
of the crane (1) on top of each

other and fastenthem together.
Then,likea ring ona finger,slide

a specialsliding,or “climbing,”
frame (2) onto the base structure.

Unlike the other sections, the frame

has only two sides, which means

one part remains open. This frame

ishydraulicallypowered(page238),
allowingit to slideup and downover
the sectionbeingbuilt.

A turntable,known asa slewingunit (3),
is mounted to the climbingframe alongwith
the liftingjib (4) and operator's cab (5).
Now the crane can continue to build itself.

The hydraulic drive is turned on, and the climbing

frame rises over the section of the tower being
built. The climbing frame rises up and stands

over the tower section. The jib picks up another
section from the ground, lifts it (A) and sets it

on the climbingplatform (B).
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The section slides inside the climbing frame (C)

and is fastened to the section below it, and now

the crane tower is one section higher. The climbing

frame then rises onto this new section (D) and

prepares to build the next. The process is repeated

until the crane reaches the desired height.

Therightcombination
ofcounterweight

a andballastwillensure
— that thecranestaysstable.

Co] Useconcreteblocks

asa movablePeo counterweight(6).
ae Whenworkingwith

raul largeloads,movethe

pe counterweightto theend
J ofthecounterjib,and

i for smallloads,pull it closer
tothebaseofthetower.|
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PULLEYS

A system of pulleys helps to lift loads using a force at least half that Using a movable pulley that rises with the load (8) reduces the amount

of the load's weight. A pulley is asimple mechanical device, a wheel with of force needed, thereby increasing the mechanical advantage, since part

a groove around its circumference. The groove is designed to hold a rope, of the weight of the load is carried by the fixed end of the rope. In fact, levers

belt or chain. A single fixed pulley attached at the top of the jib reverses work using the same principle. Attaching the end of the rope to a second

the direction of force, allowingyou to pull down on the rope, which pulley (9) triples the mechanical advantage due to the redistribution
is much easier than lifting (7). of the load on the fixed ropes, and the combination of two movable

and two fixed pulleys (10) quadruples it.

JIB (LIFTING ARM)
‘Thesimplest mechanical device is a rigid beam with the ability to rotate

around a single point. According to the law of conservation of energy,

the work — that is, the product of force and distance — performed
on different arms of the lever is the same. This means that where the distance

traveled is greater, the force is less, and vice versa.
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ometimes the most ordinary things like simple clothing can be taken
S for granted. What's more basic than fabric?But without the seemingly

trivial technology needed to produce it, it would be impossible to soar

in the air, sail the seas or stock even the humblest abode. To create fabric, you

firstneed to figureout how to weavethreads together.

LOOM

Fabric consists of densely interwoven threads. The vertical threads, also

known as the warp (2), are fed by the spool (1) and stretched across two
frames.The threads are staggered,alternating back and forth between two
frames (3, 4). Smallholes known as eyes (5) separate each thread from its

neighbors.When you press on the pedal (6), a system of belts and pulleys (7)

moves these two frames ona vertical axis,making a gap (8) between the even
and odd warp threads.

The threads don't necessarily need to be all one color. By changing the colors

of the weft thread while you're weaving, you can create fabrics with various

patterns. At the right moment, hooked rods will pick up the next thread color.

Patterns that tell the rods exactly when to switch thread colors can be

programmed into the loom using punch cards. Draw the pattern using a series

of holes. The holes signify a place where the thread has risen. If there’s no hole,

that means the thread stays in place. The combination of holes on the cards

will allow you to do a certain sequence of ups and downs with the different

colored warp threads to produce a pattern on the fabric. The card is read

by wire probes connected to the rods controlling the thread movement.

And since you'll be using fabric in a myriad of everydayitems,you'll want

to know how to do it quicklyand efficiently. Aloom and a sewingmachine

will allowyou to mass produce fabric and quicklyprovide your societywith

affordablefabric to sew clothes, weavesailsor launch airships into the sky.

a
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Ashuttle(9) bearingthe “weft”thread(runningperpendicularto thewarp)
is then passed through this gap.The frames alternate positions each time

the shuttleispassedthrough, effectivelycreatingaweave.Tomakesure
the threads are tightlywoven,use another frame calledthe reed (10) to batten
down the weft thread. The resultingfabric iswound around the takeup (11).



MECHANICS LOOM & SEWING MACHINE

SEWING MACHINE

When sewing by hand, only one thread is used. The needle weaves in and

out of the fabric from top to bottom, fixingthe two pieces of fabric together.

A sewing machine works with two threads simultaneously — one from the

top and one from the bottom. With this technique, seams that are several

meters long can be sewn in just minutes. The upper thread from the spool (12)

is pulled taut (13) and passed through the eye of the needle (14). Under
the needle plate (15) lies asecond thread wound onto the bobbin (16).

When the needle pierces the fabric, the thread is pushed through, and

at that precise moment, the shuttle mechanism (17) grabs it and pulls it out
of the needle, thereby making a loop.

The thread from the bobbin (16) catches on this loop, and the rising needle

pulls the upper thread, which tightens the lower thread, and an even stitch
is made. It is important that the movements of the needle and bobbin

are synchronized. The timing mechanism (18) is responsible for this, turning

the lower drive shaft (19) and driving the shuttle (17) at exactlythe same speed

as the upper shaft (20). The top one starts when you turn the flywheel (21)

by hand and the belt (22) rotates the crankshaft(23), which lowersand raises
the needle (14). When the needle is lifted,the feed dog of the presserfoot (24)
dragsthe fabricforward,changingthe needle entry point. Then the needle once
againdrops and pierces through the fresh section of fabricto form another

stitch.Thisis howyou sewa straightline.

A. Theneedlepiercesthefabric and the bobbinrotates.
B. Theupperthread ispushedthroughthefabric

to the bottom side, where the lower threadfrom
the bobbin catches it.

C.. Thebobbinturns,pullingboththeupper
and lowerthreads.

D. Theloopofthetop threadslipsoffandpulls
the bottomthreadwithit.

E. Theneedlerises,leavinga neatlytightenedstitch.
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riction is one of the main obstacles to allmoving mechanisms. Greasingthe moving parts is a good quick-fixsolution, but the constant friction

When one piece grinds againstanother, friction resists the motion, will soon wipe it away.This iswhere a bearing comes in handy — it minimizes
which heats both objects and could lead to deformation. For example, friction,helping the mechanism work longer and more effectively.

if you install a wheel directly on the axle of awagon, it won't get very far,

and pushing it will be a difficult task.

SLIDE BEARINGS BALL AND ROLLER BEARING

Youonly need two main components: the inner and outer rings (or cylinders). As you alreadyknow,it’seasier to roll a heavyobject than to slide it,
Betweenthem is a layerof lubricant that reduces friction. Such bearings as rollingfriction is much weaker than slidingfriction. The ball bearing works

are very simplebut require frequent lubrication and can easilyoverheat. on this principle by replacing one type of friction with another and reducing

the contact areabetween the two surfaces.Thiskind ofbearingis assembled
from two metal rings (1 and 2), separatedby a layerof rollingballs (3).

Makethem from ceramics(page 136) or hard alloyssuch assteel (page 240).

Placeseparators (4) on either side to hold the balls in placeand prevent
them from rubbing againstone another.

Lubricate the moving parts with grease, which

will allow the bearing elements to spin much more

freely. Use a substance that is non-water-soluble

and slightlyalkaline — for example,animal fat,

birchtar (page 154) or petroleum-basedoils
(page 126). Justmake sure there are no impurities,

since evena straygrain of sand or a chip of metal
can cause damage. Then cover each side with

metal washers (5), which will fasten the structure ~

together and prevent dust and moisture from

getting inside.
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MECHANICS FLYWHEEL

FLYWHEEL AND GYROSCOPE

When a flywheelis spinning, the conservation of angular momentum prevents

it from moving perpendicular to its axis of rotation, and in order to change
its angle of inclination, you have to apply an external force. This is known

as the gyroscopic effect, and it’s what helps you maintain balance when riding

a one- or two-wheeled vehicle.

In a gyroscope, the axis (1) is fixedwithin the gimbals (2), which allow

the flywheel (3) to rotate freelyin space.When the flywheel is spinning,

it will maintain the same axis of rotation and effectivelyresist any force

trying to change it. No matter which wayyou tilt the support (4) to which

the gyroscope is attached, the flywheelwill rotate to maintain its original

position in space. So, if aship with a gyroscope on board deviates from
a given course, this device will show by how many degrees. The gyroscope

is impervious to magnetic interference or vibration and can work on land,

underwater and even in space.

MONOWHEEL

Wheeled vehicles often have four, three or two wheels. But you can simplify

even more and make a vehicle with only one (there's really no point in reducing

the number of wheels any further). The motor, as well as the driver's seat,

are located inside a large wheel that acts as both a source of forward momentum

and a gyroscopic stabilizer.
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magine an energy source that produces more energy than it consumes — Connect the generator output to the engine input, and the engine output

| a perpetual motion machine. Free energy for all.Are you picturing it? to the generator input. Unfortunately, with this design, losses due to friction

Now it’s time to make it a reality. The sooner you do, the sooner you solve and heat dissipation make it impossible to obtain an energy source that

the world’s energy crisis! Generators convert mechanical energy into electrical will give out more than is put in. The ruthless law of conservation of energy

dictates that the creation of a perpetual motion machine is impossible.energy. Electric motors convert electrical energy into mechanical.

But this is wrong.
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MECHANICS

The fact is that the law of conservation of energy

is not entirely fundamental. This is aconsequence

of another fundamental principle — the isotropy

of time. The law of conservation of energy has been

well verified in numerous experiments, and no

violations or deviations from it have been identified.

Yet. But although the final state of any closed system

always observes the conservation of energy, there

are cases in which the law appears to be violated,

albeit for a very short time.

For example, in a physicalvacuum — a completely

empty space — particles of matter and antimatter

are constantly spontaneously popping into
existence (and disappearing almost immediately).

But if at that brief moment when they do exist

you managed to split them, you'd be able to extract

the energy.Thiswould be enough to compensate

for losses due to friction and heating of the wires.

And for usefulwork.

PERPETUAL MOTION

And for any purpose at all. You're left with a device

that can do work without human intervention,

though not infinitely but indefinitely — until

the component parts wear out. To extract this

energy,we need simple electronic parts, namely

electronic vacuum tubes of an original design.

They're not diffiqyltto make: The mais Sap ~

component is the gf a~
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ur eyes perceive the rays of light coming from objects

and transmit detailed messages to the brain, which

interprets these images and forms our external picture

of the world. We can control the direction of the rays with

the help of lenses — transparent objects that have curved

refractivesurfaces.Depending on their shape, the subject OLLIE
will appear closer or further away. SeedSe

A convexlens(A) isthickerin themiddlethan around theedges.
Therayspassingthroughit are refractedtowardstheopticalaxis
ofthe lens;that is,theyconvergeintoa point. Aconcavelens(B)
isthinnerin themiddle.Therayspassingthroughit spreadout
from theopticalaxis; that is,theydiverge.

GRINDING |

Bygrindingdowna piece of glass,you can produce lensesofvariousshapes: A rotating and oscillatingmetal axlewith a glasscylinder,a grinder (III),
converging(1, 2, 3) or diverging(4, 5, 6). Or you can cast a glassball (1), is fixedabove the lens holder. It looks similarin form to the glasspiece being
saw it into discs and sand them down to form a convex or concave surface. ground. By pressing the grinder against the workpiece and moving it around,

In the grinding machine, the drive transmits rotation to the wheel on which you can produce curved lenses of different thicknesses. You can also use

the glassdisc (II) is fixed. a lathe (page 144).

ee
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Topolishtheglass,useabrasives— powderedversions
ofveryhard materialsmixedwithwater.Start with
thecoarsestparticlesandgetfiner asyougo:from quartz
to aluminumoxideor evendiamond.

Polishingis carriedout with apolishingpad coatedwith bitumen
and rosinand a smallamount ofveryfineabrasive.Changeout
the pad frequentlyduring the polishingprocessto get rid of any
smallglasschips.
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The main problem with any convex lens is its

large mass. But there is a way to save on materials

and obtain a lighter end product. Carve a series

of concentric triangular grooves into flat glass,

each one smaller than the next, creating a stepped

surface (7). Each step is a separate small ring lens

that focuses the light. This design will work
in the same way as a conventional convex lens

but will be significantly lighter.
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Youcan assemblea beacon using multiple stepped lenses (8), which are easier

to make and transport. Thisway,the dispersed light from a bright lamp can be

focused into a narrow beam.When the beacon rotates around its axis,sailors
on ships far out at sea can see the bright beam of light breaking through

the darknessor fog.

Using a converginglens, you can create a relatively
narrow beam to use in a variety of applications,
from searchlights to lighthouses. This design can
replace both spherical and cylindrical lenses,
as well as other optical parts, such as prisms.

Yl,
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Another effectof concentratingthe lightbeam is increasedtemperature.
Sunlightiswarm.Ifyou usea lensto collect abeam of sunlightin a smallarea,
all the thermal energy carried by the beam will also be concentrated. This energy

can be used in a variety of ways: to set fire to an object located at some distance,

cauterizewounds,gluetwo surfacestogetherby meltingthem and so on.
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he eyes are the window to the soul, the subject of countless poems

and philosophicalponderings. For instance: Do you see withyour eyes
or through them? The answer is not as obvious as it may seem. The eyes

gather information and transmit it to the brain, where an image is constructed.

But they are more than mere tools. The small irregularities unique to each

eyeball play a huge part in how we perceive the world around us. Every eye sees

the worlda little differently.Our eyesare more mysterious than philosophers

thinking whether we seewith or through our eyes.

Safetyglasseswillprotectyoureyesfromshrapnel,dustand water.Theycanalsofunction
as correctivelensesiffittedwiththeproperprescription.In ordertoseeunderwater,theeye
needsto besurroundedbya bubbleofair,somakesealedgoggleswithaflat outersurface.
Placeanycorrectivelenseson theinsideofthegoggles.Tokeeptheglassesfromfoggingup,
applya soapyorgelatinoussolutionto theinsidesurface,

OPTICS

The answer is not as obvious as it seems: The eyes only transmit information

to the brain, where the picture of the outside world that we eventually see

is formed. Each eye, however, perceives a slightly different picture. Thus,

in order to see a three-dimensional picture, the brain has to connect the two

parts of the image — the right and the left. If either eye is defective, it can

severely distort the final image. Luckily, these defects can easily be corrected

by externally recreating the refractive properties of the inner eye.

1. The light beam hits the eye.

2. The cornea is the transparent protective layer that covers

the iris,pupil and anterior chamber.

3. Theiris regulatestheamount oflightgoingintotheeye,
likethe iris in a camera(page 186). Thisisthepart
that determinesyour eyecolor.

4. It iscomposedofmusclesthat contractand relax
to changethesizeofthepupil, or holein thecenter
of the iris.

$. Thecrystallinelensisthefocusingmechanism
ofthehumaneye.Transparentand elastic,the lens
changesshapeas theeyemusclesflex,allowingyour
eyeto refocusonobjectsat variousdistances.

6. Theretina consistsoftwotypesoflight-sensitive
photoreceptorcells.Theconesmakefinedetails
visibleand areresponsiblefor centralvisionand color
recognitionbut requirea largeamountoflight
tofunctionproperly.Therodsworkto helpyousee
evenin dimlightbutareunableto distinguishcolors,
renderingthe imagein blackand white.

7. Thesclera is theopaque,fibrous,protectiveouter layer
ofthe human eye.It providesan attachmentpoint
for the extraocularmuscles,

8. The optic nerve transmits signals to the brain.

VISION PROBLEMS

Refractiveerrors occur when the shape

of the eye’slens does not focuslightproperly.

Eyeglassescompensatefor this by shiftingthe focal
point so that the imageisprojected correctly
onto your retina.

If you haveproblems seeingobjectsat a distance
clearly,then you are nearsighted.Thelight rays
are being focused to a point too far in front ofyour

retina (I). To compensate, you need a concave
glasslens (IV) to divergethe rays so that they

arrive on the retina properly. Ifyou have trouble

seeing objects up close,then you are farsighted:
the light raysfocus behind your retina (III).
Youneed convexlenses (II).

Thingsbecomemore complicatedwhen
the cornea or lenses of the eye are not perfectly
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y the time a human child reaches its eighteenth month of life,

it can already recognize its own reflection in a mirror. It is believed

that this is the period of time during which humans develop self-

awareness. However, the ability to recognize one's own reflection is not

unique to humans — monkeys, apes, elephants and killer whales also pass

the mirror test.

PRINCIPLE OF REFLECTION

The mirror presents us with reality and illusion at the same time.

This paradox is inherent in their very existence. The image you see

in the mirror is imaginary because it appears to be formed

not by the intersectionof reflectedlight raysbut by their

continuation “throughthe lookingglass.”Theraysof light
from objectsin the room are reflectedin the surface
of the mirror so they can show the viewer objects

that are behind them.

But for humans, mirrors do more than just show us our own reflection.

We also make sure the reflection looks good, is nicely dressed and is ready

to impress other intelligent species.

HOW TO MAKE A MIRROR

A mirror is a sheet of glass (1) over polished
metal. The glassmust be perfectly clean and dry,

so degrease it with alcohol beforehand (2). Take
tin and roll it into a sheet. Obtain mercury by

heating a red mineral known as cinnabar.Find
it near active volcanoes and alkaline hot springs.

But proceed with caution — mercury is extremely

toxic! Cover your skin and use full chemical

protection when working with it.

After polishing the mercury into the tin, being sure

to rub until the two metals merge, place the glass

on top of the polished surface (3). Press gently
on the surface to remove wrinkles, and then wipe

the glass with a dry cloth to clean. The tin melds

to the glass and forms a permanent, mirror-like

surface.

WSSSSSATCSA?SYARNRAANSSSSS
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SILVER MIRROR

Another mirror-makingmethod employssilver

in place of the tin-mercury alloy.This technique

requires an elementary knowledge of chemistry,

but it’snot as hazardous to health as working with

mercury. Dissolve metallic silver in nitric acid
to forma silvernitrate solution. Mix the resulting
substance with ammonia and add a little sugar.

WOTa ;y,“4MCE ili (ills
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Quickly pour this solution onto the back ofa clean,

smooth sheet of glass.The solution willharden

immediately,forming a flawlessreflectivesurface.

The sugarreacts with the silvernitrate, reducing

it to silverthat is deposited in a thin layerdirectly

on the surface of the glass.This layer isvery easy
to scratch, so protect it under a layer of varnish and

paint. Don’t neglect this very important step!
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s soon asyour civilization produces its first batch of scientists,

they’ll start speculating about the mysterious forces that govern
the world around them. Sometimes, they come up with ridiculous

and unbelievable theories. But reality is often more astounding than even

the most harebrained hypothesis.
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WHAT’S IN A DROP OF WATER?

1. Infusoria — a type of freshwatersingle-celledorganism

2. Tardigrades—a type of eight-legged,segmentedmicro-animal
3. Radiolarians — silica-secreting,single-celledprotists that live

in the open ocean

4. Plankton — organismscarriedalongby tides and currents

(They'rean important food sourcefor largerspecies.)

BLOOD ANALYSIS

Infections, inflammatory reactions and other abnormalities affect the blood.

Blood analyses can reveal what is afflicting a patient and what treatment

may be most effective — for example, penicillin (page 34). You also want

to count the number of blood cells and examine their shape. An excess
of red cells (erythrocytes) could be a sign of bronchitis, asthma, heart

disease or a kidney tumor.

OPTICS

Inventing the microscope will unveil the mysteries of the microcosm.

Microscopes will also give a big boost to technological development, as you'll

be able to create high-tech tools and materials. But the main breakthroughs

will be in biology and medicine. Now that you know about cells,microbes

and bacteria, you'll have to learn how to work with them.

S. Volvoxes— a typeofchlorophyta(greenalgae)
6. Bacteria — small single-celledorganisms

7. Snowflakes — extremelycold water droplets frozen around a dust
particle in the sky

8. Infectious parasitic agents — stimulate the release of tetta globulin,

which causes procrastination

A deficiency can reveal a hidden bleeding disorder or a lack of iron, vitamin B12

or folic acid. An excess of white blood cells indicates the presence of some

kind of infection or inflammation in the body, If the cells are not flattened

discs but rather round, ovular or sickle-shaped, you might want to check liver

and stomach function.

[ 184}
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STRUCTURE

There are three main parts to a microscope. The first consists of the lens Third is the illuminator, mirror and condenser, which allow your sample

and lens tube, which are responsible for magnifying the image. The second to enjoy its moment in the limelight. An eyepiece makes viewing a cinch,

is the stage, where you place the specimen you're inspecting. and a screw or gear and toothed track system helps you raise and lower

the lens tube to bring things into focus.

WORKING PRINCIPLES

Using the screw, lower the observation tube until it’s about §mm from

the object. Bringyour eyesto the microscope and adjust the focus.The mirror
will direct the light onto the stage.The objectivelens collectsthe raysof light
that havepassed through the object. Refraction in the lenses increases
the viewingangle,enlargingthe image.

Look through the eyepiece to observe the enlarged image, and voila! A whole

new world of wonders. But keep in mind that your microscopic neighbors may

not appreciate you popping in without asking, and some of them can cause

you harm.

Ocular lenses

Calibrationscrewsforfocusing

Objectivelenses

Objectplate

Metalstand

Levelingscrew

Stage

Plateclips

PeEPnanrwy
Aperture lever

10. Mirror assemblythat collectslightrays

and directsthemtowardsthespecimen
11. Mirror

12. Mirror holder

Base

CEDAR OIL

Lightrayspassingthrough the object are reflectedand scatteredat the boundary _ Bybridgingthe gapbetween the plateand the objectivelens usinga substance

between the air and the glass.At high magnifications— 600xand above— with a refractiveindexequalto that of the glassslide,suchas immersionoil,
the illuminatormaynot be powerfulenough to produce a detailedimage. more lightisdirectedthrough the lens and youre able to get a clearerimage.



emory isa fickle thing: details fall out

of your head, the faces of loved ones

blur, landscapes become distorted...

Humans are constantly trying to capture reality,

to preserve life’smost memorable and ephemeral

moments, to createa lastingprojection of the Ego
in reality. Aphotograph captures a moment,

but it's not a dead copy of reality.
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It is alwaysa subjectivetruth, an impressionseen

through the lens of the individualwho captured it.

A landscape,a face,a beautifulobject — the themes

remain the same,but eachperson interprets them

differently.To createa photosensitivecoating,you'll
need severaldifferentchemicalcompounds. Start

by boilingseaweedash in sulfuricacid (page 192).

Capture the purple vapor that is releasedand cool it
until iodine crystalsform.

For thedevelopingliquid,dissolveironin sulfuricacid.Fixingthe imagerequiressodium
thiosulfate.It can beobtainedbypassingthegas obtainedfrom the combustionofsulfurthrough
a solutionofsodiumhydroxidethenboilingthe resultingsolutionwith moresulfur.

[ 186}
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A solutionofiodinein a mixtureofsodium
hydroxide(page24) and ammonia(page274)

willproduce sodium iodide.Heat ethanolwith

sulfuricacid.Condense the steamto produce liquid

diethylether.Treatcotton with a mixture ofnitric

and sulfuricacidsand water (14:10:4 ratio). Rinse

and dry the resultingnitrocellulose.Becareful—

it ishighlyflammable.
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- Polish a sheet of glasswith a mixture of chalk,

water and alcohol. When dry, pour a solution

of 2% nitrocellulose in a mixture of alcohol
and ether (1:7 ratio), with added sodium

iodide, over the glass.Ignite and allow to burn

for 20-30 seconds — the solution should thicken

but not dry. Make the plate photosensitive: dip it in a container

with a 9% solution of silvernitrate (dissolve silver in nitric acid

for this) and leave it there for a few minutes. Remove it from

the mixture in a dark room or under a very weak red light

and place it in the plateholder —a flat, opaque box with one

removable wall. Once you slide the wall into place, you can

bring the photos into a lit room. The picture must be taken

within 5-10 minutes, while the solution is not yet dry,

and the plate should be developed immediately.

After shooting, reinsert the cassette cover, remove the cassette,

and take it back to a dark room. To develop your photo, pour

a developer onto the plate — a solution of ferrous sulfate, vinegar

and sugar. Wait 15 seconds and rinse the plate with water.

Fix the image with a 20% solution of sodium thiosulfate and

rinse the plate once again. Use transparent varnish to protect

the image. You can turn a negative image

into a positive by painting the plate's

back side with black paint.

Makea lightproofcameraboxwith a singleconvexlens (1) and

bellows (2). The imagecreated by the objectivelens is focused
on the rear wallof the camera (3), where there is a plate of frosted

glass.It can be made by grinding ordinary transparent glass
with some kind of abrasive, such as quartz sand or alumina.

To focus the image,the lens must be moved forward or backward
alongthe rack (4) using the gear (5). Afterfocusing,remove

Theamountofexposure— a combinationofshutterspeed
and aperturevalue— neededtocapturean imagecanbe
reducedifa brightartificiallightsourceisused.Thismaybe
an incandescentlamp(8) withafilamentheatedtoa higher
temperature— 6000°C.Afteryoulearntogetmetallic
magnesium,itspowder(9) canbeusedas aflash lamp.
If yousetitonfire,it heatsup toa high
temperatureandgivesoffaflash
ofverybrightlight.

the frosted glassfrom the camera and replacethe plateholder

with a photographic plate.Then pull out the lid, fullyexposing

the photosensitive surface of the plate. To capture an image,
all you need to do is remove the cap from the lens for a time,

from a few seconds to several minutes. Or instead, you can install

a shutter (6) behind the lens to control the amount of time

the lens is exposed. The higher the shutter speed, the brighter
the negative image will be. Add an aperture (7) that will control

the amount of light passing through the lens. It can be a rotary disk

with a set of holes of different diameters or metal petals. The more

the aperture is opened, the blurrier out-of-focus objects will be,

such as the background in a portrait photo.
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nimation works by taking advantageof a simple optical illusion. We laugh,cry and screamin horror alongwith them. This iswhere

When you present a sequence of still imagesin quick enough cinematographycomes into play.Although there are still afewtechnological
succession, the viewer's mind interprets them as a continuous moving _ milestones you'll have to reach before you can film a train coming into a station,

image. This effect is achieved by using a large number of sequential images you can start to create your own cinema classics in the comfort of your own

that differ minimally from the previous image in the series. But persistence home. It's painstaking work, but it's worth it. The persistence of vision illusion

of vision is only one small part of the bigger picture. When we watch animated _ works because the human brain can only process 10 to 12 separate images

characters, we start to empathize and identify with them. per second, retaining an image for up to a fifteenth of a second.

LIGHTING
THE STROBOSCOPE

You want your audience to see a quick

The rotating frame also tends to block out

almost all of the light. This can make the cards

appear dark. The more they are illuminated,

the better the final result.

successionof still imagesmelting into

each other, not a conga-lineof individual
pictures. To create the illusion

Want to make an electric light bulb?

See page 198.
of motion, you first need

to stop the actual movement.

The stroboscopic effecthelps

enhance the illusion: When a person

sees moving objects for only a brief

period of time, they appear

to be stationary. A rotating disc

with slots or holes reveals

each card for only a moment.
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1. Framelightingsystem:

Candleor lampand

rotatingmirrors

Frame
Slotted disc

Rotatingwheel
bigs

Stroboscope

Lens

Footpedal

Chair

Film cassette box

Qualitycontrolstation
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STORYBOARDING FRAME RATE fe)

Each individual image is called a frame. You don’t have to pedal like mad to produce

To draw frames, you must first forget everything the desired effect. You can create smooth and °

you know about drawing. Adding finer details lifelike animations efficiently by showing the viewer

is unnecessary, as they will be lost in the greater just enough frames to create a sense of motion.

picture, but timing is everything. Picture This threshold is at 12 frames per second (FPS).

the motion you want to capture and establish At 24 FPS, strobe flicker becomes completely

a time frame. Count how many frames you unnoticeable. And at 60 FPS, the line between film

must show to the viewer in that time. Break and reality is erased completely. Sit back, pedal

the character's story into stages of motion, and watch your movie. Your brain gets an exciting

a and animate each one individually. experience while your body gets exercise.
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ELECTRICITY

aziness is the engine of progress. Human beings are always delighted

to be able to pass the work on to someone else. You've already put

the wind to work and harnessed the fast-flowing river with

the invention of the water wheel (page 234). Use the forces of nature

even more efficientlyby harnessing them to make electricity.

Electric current is created when electrons move. Without semiconductors,

there are two effective ways to make electrons move: chemical and

mechanical. The chemical method is simpler — it allows you to obtain

and store valuable electricity.

BATTERY

Batteries are devices that use chemical reactions to produce

electrical energy. Place rods of two different metals in an electrolyte

solution, such as sulfuric acid, and connect them with a conductor.

There will be a flow of electrons from one rod to the other. This is

an electric current, It can be used for many different purposes, such

as lighting a room. You can make a battery by putting electrodes —

a copper spiral and an iron rod — in a glass of vinegar. Or simply

stick them in an acidic environment, such as a piece of fruit. This

kind of electrochemical cell produces a very small electric voltage,

but if you connect several cells in a series — connect the negative

terminal of the first cell to the positive terminal of the second one

and so on until all the cells are connected — you can produce

aworkingbattery.
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HYDROGEN FUEL CELLS

Theseare batteriesin which the reagentscan be continuouslyreplenished.

Ina fuel cell,this is accomplishedby an electrochemicalreaction between
hydrogen (1) (page 228) and oxygen(2) to form ordinarywater.Thegases

are fed into containers (3) with platinum electrodes (4) submerged
in the electrolyte — a sulfuric acid solution (5). As a result of this reaction,

the hydrogen atoms lose their electrons, which travel along the conductors

as electricity and can then be used to illuminate a lightbulb or power a car.

sa A



ELECTRICITY BATTERY

RECHARGEABLE BATTERY

The energy reserve in a typical battery is limited by the amount of electrode

substance available.When one of the electrodes is completely used up,

the battery will stop working.But it ispossible to create an "eternal"battery —
the rechargeablebattery.The wayit’sconstructed allowsyou to reverse
the processes occurring in the battery and restore the spent electrodes.

Thebattery can be rechargedusing electricalenergy from, for example,
a generator connected to a windmill or a water wheel.

One of the simplest options is a lead-acid battery. The electrodes are lead

grids with lead powder and lead dioxide pressed into them. Immerse them

in sulfuric acid (A). When the battery is charged, the positive electrode,

the anode side (B), contains lead dioxide, and the negative electrode,

the cathode (C), containspure lead.As the battery discharges,these
electrodesreactwith the sulfuricacid (A).

At the cathode, lead turns into lead sulfate and electrons are released (1).

At the anode, the lead oxide also turns into lead sulfate, but the electrons

are absorbed (2). If you connect a light bulb to the two electrodes, a current

will flow through (3). Ifa current source, such as a generator, is connected

instead of a light bulb, the "dead" electrodes will be restored to their original

state (4). To increase the power, use several pairs of electrodes. Use a piece

of rubber with multiple holes in it as an insulator (D) to prevent contact.

Place the sulfuric pyrite in a furnace and blow air through (I). This will

increase the oxygen exposure, speeding up the process. The furnace gas

obtained by roasting sulfur pyrite contains impurities and water vapor.

In the outer cylinder, the gasmoves from top to bottom ina spiral (II).
Under the influence of centrifugalforce,the coarse dust particles will fall

to the bottom and can then be removed. The finer dust particles will be

removed by the electro-filter (III). Make it out of fine mesh nets with a high

voltage DC current running through them. Ina strong electric field, the dust

particles are ionized and attracted to the mesh nets, where they lose their

charge and settle at the bottom. The drying tower (IV) filledwith ceramic

rings then removes the water vapor from the sulfurous gas.

[ 193J

SULFURIC ACID

Sulphuric acid can be made by burning bright-yellowelemental sulfur (found
in deposits near volcanoes) with saltpeter (page124) in steam-filledboxes

lined with lead. Ifyou can't find elemental sulfur,sulphuric acid can also
be made from iron sulfide,or pyrite (page 110). Grind up the sulfuricpyrite.

The particles should not be so largethat they won't burn wellbut also not too
fine.Otherwise, they'll clump together and smolder.

This sulfurous gas is fed into the tower from below, and concentrated

sulfuric acid sprays out the top. As it flows down the rings, it forms a film

on the surface. This will increase the contact area of acid and gas. Then

the purified gas is heated (V) by the gas coming out of the contact

apparatus (VI). This is a cylinder in which the heated gas is oxidized
to sulfur trioxide in the presence of a catalyst — either platinum or red-hot

iron oxide. In the absorption tower (VII), sulfur trioxide is absorbed under

a shower of concentrated sulfuric acid. This creates oleum, a solution

of sulfur trioxide in concentrated sulfuric acid. To obtain battery acid with

a concentration of about 35%, dissolve the concentrated acid in water.
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lectricity makes our lives significantly easier, so you'll want to have To convert mechanical energy into electrical energy, you can use the principle

alot on hand. When stored in a battery, it’s limited, but a generator of electromagnetic induction, which is the basic idea of operation of generators.

is a different story. It converts mechanical energy into electrical energy Electron flow or electric current is generated when a magnetic field changes

and gives you a constant supply — as long as the river flows, the wind blows in which a closed conducting circuit is located.
or the hand cranks.
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its voltage can easilybe increased and decreasedwith transformers
(page 196). Direct current can easilybe converted to alternating current

with a combination of a direct current motor (A) and an alternator (B).

Alternating current can also be converted to direct current.

This can be done with a mechanical electromagnetic

rectifier (C) where an iron plate (5) oscillates

in the magnetic fieldof an electromagnet (6),

making contact (7) only in a certain

direction of the electric current and
opening it in the opposite direction.

Only direct current canbe stored in batteries (page 193).

It is more convenientto transmitAC overlong distancesbecause

A generator needs a source of mechanical energy,

such as a river turning a water wheel (1). There

arepermanent magnets (3) on its axis(2). As they

rotate, they createa changingmagneticfield,and
an electric current is generated in the fixed coils (4)

surrounding the magnets. It can be used to power

electric motors of various devices. An electric

motor works in the opposite manner to a generator,

converting electrical energy into mechanical energy.
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Direct current (DC) is the one-directionalflow
ofelectricchargein contrast to alternatingcurrent
alternatingcurrent (AC),which periodically

reversesdirectionand changesits magnitude

continuouslywith time.DC and AC generators
and motors can allbe built on this principle.
Theirdesignmaydifferslightly.For example,
in DC motors, the magnets are stationary

and the coils rotate.
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ELECTRICITY

f electricity is the lifeblood of your civilization, then wires are the veins.

| As you develop and expand your power grid, you will see the area it
covers come alive and change before your very eyes.

Electricity can be carried over long distances through the power grid,
but while it travels through the wires to your home, it can lose some of its

power. The wires get hot, and the heat dissipates into the air. These losses

are unavoidable, but they can be reduced. Heat release is proportional

i)to the square of the electric current, and this can be reduced by increasing

the voltage for the same transmission power. For this purpose,

NWddhddadastep-up transformers (1)are used.
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STEP-UP TRANSFORMER (1)
‘Thedeviceisbased on twowindingsofwirearounda steelcore (3).

The current sourceis connected to the primary winding (1), and
the secondarywinding (2) removesand transmits the already

changedvoltageto the consumer.When the primarywinding
is connected to electricity, amagnetic fluxpasses through the core,
and the core itself becomesa magnet. Its poles shift back and forth,

alternating dozens of times per second, which transports
the magnetic flux from one winding to the other, creating

an electromotive force. The size of the force depends

on the number of turns in the windings.

‘The main element of the winding is the electric conductor.

It’s composed of a bundle of copper or aluminum wires. Lead

the ends of the windings out of the tank (4) and connect them

to the electric grid. For this purpose, use insulators (5) made

of non-conductive material — ceramic. Place them

on the transformercover (6).

The transformer expansion tank (7) is a tank filled with oil.

It insulatesthe current-carrying parts of the system and cools

the transformer so that it does not explode.Radiators (8)

are also needed for cooling — they dissipate the heat from
the oil circulatingin the tubing.



ELECTRICITY WIRES & TRANSFORMERS

STEP-DOWN TRANSFORMER (II) WIRES

Beforeyou can send voltage to the electricaloutlets in your house, the voltage Electric current is transmitted between network elements by wires or cables

must be lowered to a value sufficientfor household appliances.To reduce that must be laid underground or raised to a significantheight.Youcan't just

the voltage,the primary winding of the step-down transformer to which laybare wires in the ground, or you'll cause a short-circuit and many people

the current is supplied must be largerthan the secondary.The lowervoltage will die.Therefore,underground cablemust be coveredina layerof insulation.

from the secondary winding is transmitted to the appliance. This can be cotton or silkthreads boiled in paraffinor paper tape soaked

ingum(page200).

Use a combination of these materials to increase

the insulating properties. Fasten the wires to metal

support posts with insulators (9) made of non-

conductive materials such as porcelain or glass.

To make wires, you can use section-shaped rollers

similar in design to a rolling mill. Roll out a copper

bar and pull it to make a long copper wire —

the work horse in the field of electricity.Thin wires

can be twisted and joined by a common insulation
into a thick but flexible sturdy wire.



umans are not nocturnal, and it’sdifficultto forge a brighter
future when you're sitting in the dark. Illuminate your path with

the light bulb.

The filament that produces light can be made from

arefractory metal such as tungsten (page 110).
When an electric current flowsthrough it, it heats

up, and the greater the current, the higher
the temperature. The current depends

on the voltage.When the voltagedrops,
the bulb beginsto glowyellow,and
when the voltageincreases, the light
becomes whiter.The main parts

are the filament (1), the glassbulb (2)

and the contact wire (3). The filament

can be twisted anywayyou like,but it
is better to bend it into a curve so that

the lightis emittedmore uniformly.

‘Thefilament should be held in place by small support wires (4) made

of a refractoryalloy (page 138) or ceramic (page 136). Theystand on the foot
of the lamp (5). Both ends of the filamentare connected to the electrodes.

One goes in through the base (9) into the lamp (6), and the other comes out
through the fuse (7). Thiswillprotect the power circuit if the filamentshould
suddenlybreak and emit an arc of electricity.The fusewire is located
in a specialcavity(8). Remember to insulate the base (9) and install
a contact at the bottom (10).

BULBS|

And with light bulbs flickering on in homes everywhere, you're sure

to have some new ideas. They might not alwaysbe the brightest, but there
will certainly be a lot of them.

To protect the filament from oxidation and burnout, you must evacuate the air

from the bulb or fill it with inert gas or nitrogen under low (much lower than

atmospheric) pressure. Include a thin glass tube in the design that will allow you

to create a partial vacuum inside. After this process is complete, you can heat

the end of the tube with a torch and squeeze it off with tongs to seal it.

ELECTRICIVS
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ELECTRICITY

MERCURY PUMP

The pump consists of a cast-iron casing (1) that is halfwayfilledwith mercury.

The front section is covered with glass (2) so the process can be monitored.

Inside the casing, a porcelain drum (3) rotates around an axiswith three

chambers inside (7). Each of the three chambers has a channel with an outlet

to the outside (4) and an opening (5) into which pumped air is sucked from

a tube (6) connected to the bulb.

VACUUM TUBE

This is an electronic device that works by controlling

the intensity of the flow of electrons moving

in a vacuum. The simplest electro-vacuum tube

is a diode (1). It is a sealedglassbulb with apartial

vacuum inside containing two electrodes —

an anode (+) anda cathode (-). When the cathode

is heated, it begins to emit electrons, which carry

an electric charge from the cathode to the anode.

Therefore, the diode alwaysconducts current

in one direction only.

The three-electrodetriode (II) is amore

complicatedtube. Ifa voltage-carryingthird

electrode,a finewiregrid,isplacedbetween
the cathode and the anode, it allows you to control

the flow of electrons. This means that the signal

can be regulated or amplified.

Tobuild a radio transmitterwith enoughpower
to transmit a signal,you need triodes capable
ofcarryinglargecurrents.Suchhigh-power

transmittingtriodesbecome veryhot when

in operation,so they need a good air (and in some
cases,water)coolingsystem.

. Cathode

. Anode

. Glass bulb

. Tubeforevacuatingair
Grid

anPPwrn

INCANDESCENT BULBS

As the drum rotates, air is drawn into the chambers Then the opening dips

under the surface of the mercury and air is forced out through the side channels

into the casing space above the mercury. The mercury pump does not work

at atmosphericpressurebut onlywith a partialvacuuminside.Therefore,
an ordinary gear pump (page 162) must be used in tandem and will do

the preliminary work of pumping out most of the air.

[ 199J
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ELECTRICITY:

lectronics is a field of engineering that allows you to create a variety

of automatic devices that control and manage electrical current.

The main components of electronics are active elements, i.e., vacuum

tubes. But they cannot work without their simple component parts, such as

capacitors, resistors and inductors.

CAPACITOR

Capacitors accumulate an electricalcharge.They are composed of two
conductive plates (1) separated by a dielectric (2) — an insulator that does

not conduct electricity (such as a thin layerof glass,mica, ceramicsor even
just air). When the plates are connected to a voltagesource, the capacitor

begins to accumulate an electricalcharge.The capacitance determines

the maximum charge the capacitor can hold. To release the stored charge,

that is, to dischargethe capacitor,you must connect a load to it. In doing so,

the capacitor can giveoffa very short but powerful electricalimpulse.
The capacitor is used in electrical circuits as an energy storage unit, a filter

and as part of an antiresonant circuit (in combination with inductors),

RESISTOR

Resistors create resistance to an electric current. When included

in a seriescircuit,a resistorreduces amperageby converting

electricalenergyinto thermal energy.A simpleresistoris ashort
length ofnarrowwire surrounded by insulation(3). Youcan make

one by windinga steelwire around a ceramictube. Resistorscan

be fixedor variable.In the latter,a variablewiper-type contact (4)

allowsthe effectivelength of resistorwire to be easilychangedand,

consequently,the strength of the current in the connected circuit.

Resistorsare used in electricalcircuitsto regulatecurrents

and voltages.

INDUCTOR

If you wind an electric wire around a metallic core or even just on a paper

tube, you get an inductor. When current flows through the inductor, it stores

energy — not as electrical charge, as a capacitor does, but as a magnetic field.

When the power supply is switched off, it releases that energy into the circuit.

An inductor has a different resistance to direct and alternating current, and

the higher the frequency of the alternating current, the higher the resistance

of the coil. Inductors in electrical circuits are used as energy storage units,

filters, electromagnets, parts of transformers and antiresonant circuits

(in combinationwith capacitors).

and

[200}



ELECTRICITY ELECTRONICS & SOLDERING

ELECTRIC SOLDERING IRON

This is a device for joining two parts together

using a fusible metal alloy. The heat source can

be anything — fire or electric.The main working
element of an electric soldering iron is the nozzle,
or soldering tip (1). This is arod made of copper
(page 110), which has a high thermal conductivity.

The tip is placed in a metal tube (2) that should
be wrapped with mica for electrical insulation. them securely.

A steel wire should be wound over the layer
of mica and clay coated on top to protect it

from oxidation. This entire structure comprises

the heating element (3).

SOLDER AND FLUX

But for the soldering iron to be effective, you need a solder — a substance

that melts at a relatively low temperature. Try, for instance, an alloy of tin (60%)

and lead (40%). In order to make a good solder joint, the solder must bond

tightly to the surface of the two parts, which must be clean and free from
rust or oxidation. Use flux, a fusible mixture that coats the surface of the part

in a thin layer, to clean these surfaces and protect them from oxidation when

heated. The simplest option is rosin, a solid product of pine resin obtained

by heating the resin to 100-160°C. The rosin can be dissolved in alcohol

to improveits cleaningproperties.

WIRED-CIRCUIT BOARDS

When you assemble any electrical device, you can use copper wire to connect

the various components. But it is much more convenient to place them ona

wired-circuit board — a hard surface, such as dry wood, covered in a layer of

copper foil. The parts are attached to this foil by soldering, and slots in the

copper layer can be used to connect the electronic parts in any way you want.

SOLDERING WIRES

Strip the oxide film off the wires with a sharp knife. Otherwise, you will get
an uneven solder. Lubricate the surface of the wire with an alcoholic rosin.

Pick up a decent blob of solder with the heating tip and apply a thin layer

to the surface of the wire.

so that when it cools it solidifies and connects

The handle (4) should be made of wood to keep

your hands from getting burned. As a current runs

through the steel spiral, it heats the tube and

the soldering tip, reachingtemperatures of up
to 300°C. At such high temperatures, the solder

melts and can be spread over the joint of two parts

SOLDERING A RESISTOR

Press the free wire of the resistor into the contact pad with the heated tip

of the soldering iron. Hold the wire solder under the tip and melt 2-3 mm

onto the pad. It is very important to hold the tip on the pad for a couple

seconds after adding the solder. During this time, the solder will evenly

spread on the pad and the resistor wire.

Twist the wires together. Ifyou solder them overlapping without twisting,

the connection will not be strong. Brush them again with a little rosin.

Solder the wires once more.
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you'll need to build a giant generator: a power plant. Largegenerators
T ‘hedemandforenergywillonlycontinuetorise,andatsomepoint,

require a large amount of resources, which can be scarce, so it’s better

to use renewable sources that don’t cause damage to the surrounding

environment. That's why the ideal energy source is the sun, with power

that can be harnessed even a few minutes after the sun is no longer visible.

Power plants convert thermal energy into mechanical energy and mechanical

energy into electrical energy. You can produce heat that turns water into steam

by burning coal, oil or gas, This steam, in turn, will rotate the turbines, which

are connected to the rotors of electric generators (page 194).

You can also build a solar power plant that will convert solar radiation into

electrical energy. It operates on the principle of collecting concentrated solar

energy using mirrors, Place the water tank (1) on top of the tower. Arrange

hundreds of mirrors, called heliostats (2), around the tower so the sun's rays

are directed towards the tank. The water inside will heat up and turn into

steam. If the mirrors are fixed, they will be able to accurately focus the sun’s

rays for only a few hours a day, so make them mobile to track the sun so they

can make the most of the daylight. Paint the water tank black to better absorb

heat radiation. The coating should be heat-resistant but not heat-insulating,

such as copper blackened over a fire,

To maximize energy efficiency, fill the tower with a mixture of sodium and

potassium nitrate (page 124). This substance has a greater heat capacity

and highermeltingpoint than water,so it willretain the heat and continue

producing steamlong afterthe sun has dipped belowthe horizon. Circulate
the molten mixture through double-walledpipes (3), forminga largefurnace

and minimizingheat loss.As the steamleavesthe heat exchanger/steam

generator (4), it goesthrough the pipe (5) to the steamturbine (6), a device
that convertsthe thermal energyof steaminto the mechanicalenergy
of rotation.

ELECTRICITY



ELECTRICITY POWER PLANTS

STEAM TURBINE

The main parts of the steam turbine are fixed nozzles and rotor

blades (7) mounted on a movable rotor (8). Steam enters the first

row of nozzles, where it expands and pushes a row of rotor blades.

The rotor spins, and the steam then enters the next row of nozzles

and the next row of rotor blades. This happens until the steam cools

down. Then it leaves the turbine through a pipe (10) and enters

a specialreceivingdevice— a steamcondenser (9), where it turns

backinto liquidand ispumped backinto the tank.

The turbine shaft is coupledwith the shaft (11) of the electric
generator (12) (page 194). Electricityis fed to a seriesof step-up

transformers (page 196) and then to a high-voltagepower line (13).

And from there, with the help of step-down transformers and
distribution substations,to people'shomes.
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COOLING TOWERS
Not all thermal energy can be converted into mechanical energy. The steam This water needs to be cooled, and one of the most efficient ways to do this

condenser (9) must be constantly cooled; otherwise, there will be no water is through cooling towers. The hot water is sprayed through nozzles at the base

left for the heat from the molten salt to turn into steam. Therefore, a constant of the tower, and the steam rises along with the flow of cold air. Along the way,

stream of cold water is supplied to the condenser, and a stream of hot water some of the steam condenses and flows down the walls of the tower into a cold

is discharged. water tank and is reused in the condenser cooling circuit.
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hen you're surrounded by water on all sides and the only\ / \ distinguishable landmark is the horizon, you need navigational

tools to determine your position and plot a path forward.
Without them, a single cloudy day that obscures the position of the sun,

moon and stars is all it will take to throw you off course.

COMPASS

You can’t maintain the proper heading without a compass. The arrow,

a small magnet, is alwaysalignedwith the planet's magnetic field in the North-
South direction. Youneed a liquid-filledbronze or aluminum hemisphere

(but not iron, which will distort the reading) (1) filledwith compass
fluid (2) — petroleum oil (page 126), an ethyl alcohol solution (page 118)

or glycerinwith water.Floating on the surface of the liquid is the compass
dial (3) —a circular scalewith 360 declination marks rotating around

a pivot (4). Fixpermanent magnets (5) on opposite sidesof the pivot

and make sure they are both polarized in the same direction (page 192).
The compass float (6) relievespressure on the axlesupport passing through

its center and is fixedona stone footplate (7).

DETERMINING LATITUDE

One half of the problem of findingyour location is determining your
latitude, which can be found by measuring the angle of celestial objects

above the horizon. Sextants measure the height of the sun or stars relative

to the horizon, as well as the horizontal and vertical angles between

landmarks. To keep both the astral body and the horizon in your sight,
you'll need two mirrors: one fixed and one moving. The fixed mirror should

be only partially silveredto allowlight to pass through. Align the spyglass(1)
with the horizon (I). Move the device along the horizon line and swing

the rotary ruler (2) until it points directly at the astral body. Light rays
(3) bounce off the firstmirror (4) and are reflectedin the half-transparent

mirror (5S),in which the horizon line is still visible.

SAILING

The thrust bearing is mounted ona stationary disc with a heading line (8),

which alwayspoints towards the bow of the boat. Two holes in the lower part
of the compass body allowliquid to flowinto the expansion chamber (9)
to compensate for changes in pressure and temperature. When the boat

changes course, the compass dial remains in position thanks to the magnets.

The offset of the heading line relative to the compass dial determines

the direction of movement of the boat relative to magnetic north.

Thenbring the loweredgeof the astralbody to the horizon (II) by slowly
twistingthe screwof the micrometerdrum (6). Readthe degreeindicated

on the sextantarc (7) and record the time.Thesizeof the anglecompared
to the exact time at which the measurement is taken will allow you to calculate

the latitude. But before you set off on your voyage, you'll have to compile

an astronomical reference book: pick one location and measure the angular

height of the sun at noon several times throughout the year. The sun reaches

its noontime peak at the summer solstice and the lowest point at the winter

solstice. The difference in the height of the sun between these dates is equal

to twice the angle of inclination of the planet's axis with its orbital plane

(the degreeof tilt). Measurethe height of the sun at noon and correctfor this
calendardate to calculatethe latitude ofyour location.

f 206 |



SAILING COMPASS & NAVIGATION

DETERMINING LONGITUDE

The second component of fixing your position is longitude. As the planet The chronometer has not one but two balances that oscillate in opposite

rotates to give night and day, this equates to the difference in local time between _ directions in the same plane. Knowing that solar noon on your meridian occurs

your current location and a predetermined prime meridian. You can measure earlier or later than at the prime meridian by X minutes and the sun passes

local noon with a sextant, but you also need to know the time at the prime one degree in four minutes, you need to divide Xby 4 to get the desired value

meridian, which requires an extremely accurate watch (page 166) — a marine of the longitude of your location. Once you have a radio (page 296), you can

chronometer. They are distinguished from normal watches by an internal start transmitting time signals from the prime meridian. This method

mechanism that reduces the effect of the rolling waves on the accuracy is accurate, and a radio is easier to make than a chronometer.

of the movement.
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SAILING

ou can put together a holistic picture of the world around you

by exploring it one part at a time. But to piece together this puzzle, (1)
youll want to move quicklyand over long distances, and for that,

you need a driving force.Luckily,you can create one out of thin air (literally)
by harnessing the power of the wind. Sails"catch"the wind, converting

its energy into forward motion that pushes the boat.

POINTS OF SAIL

The forcegenerated by the sail isperpendicular

to the direction of the wind. To move against

the wind,you'llneed to tack — to keepturning
through the wind sothatyouprogressupwind = | £} RQ77 7)

in a seriesof diagonaltracks.Thedirection
of the wind relativeto your desiredcourse
determines how you sail.

1. Sailingdirectly against the wind

is impossible when usinga sail.Turn into

the wind ifyou want to stop the boat.

2. The wind is blowing slightlyat an angle.

On sharp courses, the yacht cannot go fast due
to the resistance of the water.

3. The wind blows perpendicular to the direction

of travel. This is the simplest course to set,

suitable even for beginners out on their first
independent sailingvoyage.

4. The wind is blowing from the stern

and from the side. This is the fastest course.

Light vessels traveling along this course

can exceed wind speeds.

5. The wind is blowing from the stern. This is

called a "tailwind.” But oddly enough, it’s not

the fastest way to travel: With a wind blowing

from behind, the sail is unable to generate lift,

and the craft cannot exceed wind speed.

So don't tell sailors that you hope

the wind blows their way —

it will only slow them down.



SAILING SAILS
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_atailwind, but they work best when the wind

RIGGING

Sails catch the wind, but you need a careful arrangement

of sturdy ropes to support the mast and to hoist and control

the sails. Near the top of the mast (A), attach a perpendicular

pole, known as a yard (B). Tie three ropes around the top
of the mast and the other ends off to the sides and bow

of the boat, respectively.The foundation ofyour sailsis ready.
Rigthe square sails (running perpendicular to the keel) )

and the fore-and-aftsails (running parallel).The fabric

for the sailsshould be lightweightbut dense; the denser—

the fabric,the better it will catch the wind. Useyour
loom (page 170) to weavethe canvasfrom braided flax

threads coveredwith wax.Use a tight twillweave.
This material willwithstand heavy loads and is weather-

resistant. Square sails (C) work when you have

isblowingfrom behind and slightlyto one side
When the wind direction changes,the efficiency FORE-AND-AFT SAILS

When caught in an airflow,
the triangular fore-and-aftsails (D)

create lift like the wings of an airplane

of straight sailsdecreases.Theycannot lead
the ship againstthe wind. Thisrequires
fore-and-aftsails (D).

(page 224), propelling the vessel

forward. It can be adjusted by changing
the pitch of the sail to the direction

of the wind. Attach wind indicator

flags (E) to the sails: If they flutter,
the sail is out of the airstream, andjs723SOEJ you need to adjust its position.S53

OS:
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fyouthink you can easilylearn to sailusing only your intuition,

hold on to your seahorses.Thingsaren't as obvious as they may seem.

For example,sailingagainst the wavescan giveyou a speed boost,

and in order to prevent your ship from sinking, you'll want to load it up
with cast iron.

reteeee|
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What happens whenyoudrop a lead
cannonballintowater?It sinks.Whatif you
put it in a big box?Andwhat kind ofbox
shouldyou useifthereare manydifferent
cannonballs?Theanswersto thesequestions
are explainedbytheprincipleofbuoyancy:
A bodyimmersedinwaterwillnotsink
if itsweightisequalto theweightofthevolume
ofliquiddisplacedbyit.Bychangingtwo
parameters— weightand volume—
youcancontrolthebuoyancy.

Flat-bottomedboats won't cut through rockingwaves— you'll drown.
To help your boat remain upright, make a hull with a keel (1) for stability.

Reinforce the structure with intersecting beams running fore to aft (2)

and port to starboard (3). Thepartitions between roomswill act likeribs,

providingsupport aswellas inner structure and insulationfrom the ship’shull.
Usemultiplelayersofboards coatedin a mixture of tar,sulfur (page 124)
and bitumen (page 126).Thissubstancewillalsoprotect againstanybugs
or mites that like to munch on wood.



SAILING i : BOATS & BUOYANCY

RUDDER

A leverarm calleda tiller (4) is attachedto the top

of the rudder (5). The rudder can be made from

A ballast made of cast iron or stones is placednear 2-3 boards fastened together with strips of steel.

The tiller is controlled by a systemof ropes and

Place the most weight at the center and gradually pulleys,with the rope wound around a spool
the central main mast at the ship's center of gravity.

To prevent the ship from capsizing and sinking, decrease it as it reaches the bow and stern. The connected to the ship’swheel, or helm. Turning

it must be loaded with ballast as low in the ship weights can even be barrels of water. The can easily __the ship’swheel pivots the tiller,which in turn forces

aspossible.Thiswill improve the ship’smetacentric be moved to compensate for extra weight placed the rudder to one side or the other. Thisinterrupts

stability,or its abilityto right itself whensubjected on the fore or aft end of the vessel.When you need _ the stream ofwater under the boat, changing
to external forces such as waves, wind or an inept to take a lot of cargo on board, just get ridofsome _ the direction of the torque and turning the boat

helmsman who turns the boat too sharply. of the ballast by draining water from the barrels. in the needed direction.



SAILING

ne of the most important skills any seafarer can have is the ability Nautical knots must be able to carry a multi-ton load while remaining easy

to tie knots. You need one knot to furl the sails, another to moor to loosen because sailors will have to do so while many meters in the air

the ship and another to securethe cargoin place. climbinga mast,in the dark,on pitchingseasand during torrentialstorms.
There are over 500 different knots that can be used for a variety of purposes.

About a dozen of them are absolutely essential for survival at sea.

Stopper knots (1, 2, 3, 7, 8) createa thickerpoint Anchoring knots (4, 5, 6, 7,8) are used to fasten Bends (2, 3) join two ropes together, even those
in the rope in order to prevent the rope from the rope to any object: for example, tomooraboat __ of different thicknesses.

slipping through a narrow opening, such as a hole to the dock.

in a block.

1. Half hitch

One of the simplest knots.

Usedfor securingthings to poles. :

2. Bowline

Allows you to tie together cables

of different thicknesses or join a thick

plant fiber rope to a steel cable. It may

also save a life: Bowlines are easy

and secure knots to tie around people o,

who need to be hoisted up 4

or lowered down.

3. Figure Eight

A secureknot that won't loosen until
you untie it. Can be used forbelaying
while descendingfroma height.

4. Clove Hitch

Usedto tie lengths of thin rope,
calledratlines,betweena sailingship's

shrouds (riggingthat holds the mast

steady) to makea rope ladder.It also
has non-nauticalapplications,such

ashanginga ropebetweentwo
posts for laundry,tying a bagshut

or fasteninga bowstringto a bow.

OeeeCOee

5. Cleat Hitch

A good knot for securing a rope

4
2d
34
=.

to a cleat. OS
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6. Clinch Knot
Withstands strong tension without becoming too tight.

7. Two Half Hitches

Used to attach a rope to an anchor.

8. Hammock knot

Easy to tie and untie, no matter how much weight it bears.

Can be used to tie up mounted loads. The most suitable knot

for hanging a hammock.

9. Towing Knot
Good for securing a tow line. It loosens easily under any load

but won't slip or untie on its own.

10 and 11, Masthead knot

This knot can be used to make a holster for a jug

or a net for carrying objects, but make sure you

have a lot of rope.

12.Running bowline
Basedona basiclasso.Canbe used to catch
floatinglogsor liftsunkenobjects.
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SAILING

he decision to push off from dry land and venture out into the open However, you can uncover the secrets of capricious weather patterns and choose

ocean is one that must be weighed carefully. The success of the journey _asafer route or more suitable time to launch your vessel. To make sure you don't

and well-being of your passengers is not entirely in your hands. get caught up in the perfect storm, you need to read the signalsin the sky.

BAROMETER

This is used to forecast weather changes.

Takea thin sheet of brass (an alloyof copper,
zinc and a small amount of tin) and craft it into

a small, air-tightbox (1). Create a vacuum
inside (page 198). The air column puts pressure

on the box, and the brass sides of the box act

asa membrane,becomingconvexor concave.
Thesechangesaretransmittedthroughthe system
of levers(3) to the arrow(4), whichrotates
along the scale to indicate the pressure. When

the pressure rises, the box will compress and pull

the spring (2) with the arrow attached to it;

when the pressuredrops,it willstraightenout,
pushingthe springout. Ifatmosphericpressure
drops,expectstormsand rain.If it rises,then
the weather is improving — call everyone above

deck! The accuracy of the barometer depends

on where you store it. Keep it in the shade and

avoid drafts.

Ifyou can’tmakea barometer,cut a 10-15 cmsegment
from the trunk ofayoungsprucetree.Makesurethissegment
includesa branch.Peeloffthebark. Theendof thebranch
willdrop beforerain and risebeforeclearweather,



SAILING METEOROLOGY

WEATHER

FORECASTING

Rain stormswith highwind speeds
areoftenprecededby:
e Raysof lightbreakingthrough

dark clouds.

A crimson-reddawn, aswell

as a reddish tint to the sun or moon.
Certain landmarks being clearly

visible but seeming much closer

than they really are while all sounds

can be heard very clearly.

An incompletehalo oflight
encirclingthe sun or moon
with an opening near the top.

The sun setting against low clouds

with layers of cirrus or cirrostratus

clouds on the horizon.

Birdsflyingquicklytowards
the shore.

Low,gentlewaves(30-50 cmhigh),
as well as dead swell breaking near

the coastor shakingthe shipin the open

seaduring calmweather,meansa storm
is coming.Cloudsgrowingrapidly

upwardin the form of towersportends
a thunderstorm, downpour or heavy
wind storm.
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Connect two paddle wheels (1) to a rotating axle (2) and fasten them

to the body of the boat. You'llneed a very long, thick, sturdy rope (page 18).

Attach one end of the rope to the anchor (3) and wrap the other end through
the axleand around a largedrum (4) so that it winds and unwinds with
the movement of the paddle wheels. Carry the anchor to the front of the boat

and heave it in the direction you want to go. When it’s securely anchored

to the bottom of the river, the current pushes against the paddles, making

the wheels spin.

EELBOAT

LN by adding a fewkey elements.

SAILING

= =~SL
——=

owing downstream is a breeze, as the flow of the river carries you

along. But what happens when you need to drive a loaded multi-

on vessel against the current to a channel upstream? You can still

harness the safe, cheap energy generated by the river if you simply add

a water wheel. After all, water wheels can be used for more than just

grinding grains. The principle behind the paddle wheel boat remains

the same. You can transform a water wheel into a large river-faring vessel

The rotational energy is transferred to the axle, which begins to spin, winding

the rope around the drum. This allows the boat to travel upstream until it

reaches the anchor, and the process starts anew. Remember: The longer

the rope and the farther you throw, the farther the boat will be able to travel

in one go.
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SAILING PADDLE WHEEL BOAT

The paddle wheels act as the motor of the boat, while the cable or rope

wound around the drum is like a propeller. This is the same system used

in mills (page 234). By the way, these wheels can be placed both

on the sides of the ship's hull and behind it. The blades should be covered

with a mudguard (5), which is a sheet of metal attached to the base

of the wheel. You can even improve your boat model so that it moves

continuously, even while you're repositioning the anchor.

To do this, you need to fasten two ropes with anchors to the shaft and use

them one after the other. While the ship is being pulled along one rope,

the second is thrown further along the route. A paddle rower with two

anchor ropes can carry a load of dozens of tons against the current and

wind. As they turn, the wheels won't spray drops of water on the deck,

and all passengers will stay dry.

Usemanpowerto get the anchorcloserto the intendeddirection
oftravel.Senda fewofyour strongestdeckhandsaheadin a smaller ‘ae ee ; .. “Sr i See:
pedal-poweredpaddleboat (saythat 5 timesfast) to place

the anchor,Placethe paddlewheel (whichcanbe replaced
with apropeller) (6) on the sameaxisasthe pedaldrive(7).

Giveyour crewthe order to start pedaling.The energy they . PS
generate willbe transferred to the axle.Make a steeringlever (8) POLL

to control your pedal boat. Youcan use these smallboats aswater
taxis or have a pleasant sailaround the lake.Chatting and pedal
boating with a friend is a great leisure activity.



SAILING

xploringthe oceanmayhelpyouuncoverthe mysteriesofyourplanet's Butifyouhavesufficientlystrongmaterials,you canbuilda sealeddevicecapable
history.Buthumanphysiologyhasits limitationsthat preventpeople ofnormalizingpressurechanges,divingto greatdepthsand stayingthere for
fromdivingtoo deepor stayingunderwatertoo long.Asyou divedeeper, _alongtime.

the pressure increases, compressing the air in your lungs more and more.

DIVING

Make the body ofyour vessel cylindrical. This shape distributes pressure

evenly,preventing the submarine from being easilycrushed. The deeper you

plan to descend, the rounder your vessel should be. Include a fluid tank (1)

at the bottom of the hull that will work like a fish’sswim bladder. As you

descend, the bladder fillswith water, weighing the submarine down. When

you want to surface,void the water by fillingwith air from a compressed air
reservoir (2) located above the tank. When you diveagain,the water pressure

willautomaticallypush more water into the tank through a valve(3),

causingthe boat to sink.

FORWARD MOMENTUM

Youmayfind Me for your submarine in fish tails and bicycles SADA NAMAAAMARARAATAAR,
(page 164). The fish tail design can be applied to the rudder (4), which nets UE

is used to steer the boat. And ifyou don’thave an engine design that works

underwater,makeabicycle-poweredsubmarine.Simplyattachpedals (5)

to your propeller (6) using a chain drive and bevelgears,and you're off! At shallowdepths (up to 30 m) the crewcan evenattachhoses to the compressed
Of course, this onlyworks for very small,light vessels.To make navigation airwithin the boat to explorethe areajust outside the submarine.A regulator

simpler,install a periscope (7) using a system of mirrors (page 182). Search valvesuppliesair from a compressedair cylinderunder the samepressure
for evidence of ancient sunken civilizations and avoid underwater obstacles as the surrounding water.Any deeper than 30 m and things get more

by looking through the windows (8). To ensure you can breathe normally, complicated.When you breathe the compressedair,the nitrogen it contains

scrub the air of carbon dioxideby pumping it through an alkalinesolution, dissolvesin your blood. If the pressuredrops too rapidly,this nitrogen formsair

and from time to time add fresh air from your life support cylinder (9), bubbles in the bloodstream,causingsevereillness,That'swhyrapid ascentscan

relievingexcesspressurethroughthe ventvalve. be dangerous— yourbodyneedstimeto acclimateto thepressurechange.



SAILING SUBMARINE

Tostudytheseabed,youwillneeda drill (10) and a movable
manipulatorarm (11). Giveyourarm balljoints (page 172)
to ensureafull rangeofmotion.

Ny”

ATMOSPHERIC DIVING SUIT

At depths of 30-40 m, diving with just acompressed air tank becomes The environment inside the suit contains normal air at atmospheric pressure,

impossible because nitrogen at these pressures actually starts to have so no decompression is required when returning to the surface.With a suit like

a narcotic effect on the body. Decompression time is also greatly increased. this, you can work below the surface for as long as your air supply lasts.When

These problems can be solved by making an atmospheric diving suit, which designing your suit, make sure to use a strong material for the body plates and

essentiallyfunctions like aminiature submarine. sealedhinge joints for the limbs.
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outside the bounds of their natural habitat. And those who have know

| n the history of the universe,veryfewcreatureshavesuccessfullyventured

doing so necessitateslarge-scaletransformation.Fishflopped out onto dry
land and became mammals;humans soaredinto the skyand became pilots.

In the caseof the latter,humanity asa whole beganto experienceexistence

ona planetaryscale.Distanceand geographyaren't enough to hold back
the tide ofcivilizationwhen you're capableof flyingthrough the air.

1. Heat gauge
2. Parachute valve,sealedwhileairborne

and openedfor descent
Turning valves
Ballast

Burner

Maneuvering vent line,
whichallowsthe crew
to ventairfrom
the balloon

Anaw

Envelope
The balloon is made out

ofclothgussets.Soakthecloth
in latex,similarlyto howyou
woulda raincoat(page116),
inorderto makeit airtight,though
you'llhaveto keepthehot air inside
from reachingthemeltingpoint
oflatex.Ifyou installa heatgauge,
you can ensureyou'llnever
fly toocloseto thesun.

Heat gauge
Hang a weightedflag on a wirewith
a lowmeltingpoint closeto the top
of theballooncavity.If thewireoverheats,
theflag willdropintothe basket.

Burner

Buildafire undertheopening
at thebottomoftheballoon
cavity.Oncethehot airfills
the balloon,it willtake off
intotheair. Cut offtheoxygen
supplyto thefire ifyou
want to losealtitude.

HOT-AIR BALLOONS

Flying in a hot-air balloon is simply a delight. Even if an icy jet stream

is whisking you along at 300 km/h, it’sstill going to be warm and quiet

in your basket since the balloon always moves right along with the air

around it. Youwon't even feel the wind. And since the burner creates
a pocket of warm air, it travels with you too.

f 222 }
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But how? Balloons are buffeted about by the wind, and land-lubbers like

us have yet to master the capricious currents. As it turns out, the air is like

a dense, transparent ocean, set in motion by a thousand tiny waves. These

winds are invisible to the naked eye, though hunting them down isn’t much

of a challenge. You just need to look to the earth if you want to read the winds,

There’alwaysa pocketofair called
a downdraftnexttoupdrafts.Ifyouplan
to rideone,makesuretoholdthebeverage
serviceuntilafterthe trip.

UE,D
CLLZLIEE

THERMAL UPDRAFTS

Raysof sunlightcut right through the clearair to warm the ground.
The ground, in turn, heats the air.Thin,heated air surgesupward but is held
in place by the thicker layerof cold air above it. Before it can break through

that resistance,the warm flowsgather at a singlepoint that’seasy to see.
There'salwaysan unusual phenomenon below — a patch of burnt earth |

in the middle of a green field,for example,or a lone hill surrounded
by plains. Head in that direction, and you'll catch the updraft.
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_ JET STREAMS
Once youre at least ten kilometers up in the air,
you'll encounter powerful winds called jet streams.
They can reach 300 km/h or more, and you can

ride them for long distances. But even ifyou're not

willing to risk flyingthis high, just remember that
each altitude has its own wind. Looking to head

leftwhileyou're being pulled right? Drop down
a couple hundred meters, and you might find your

wish granted.

Lantern scout

Huntingair currentsusingtrial and errorisn’ta greatplan.
Makeaflyinglanternoutofapaper sackand a candle
and launchit intotheskytoseeifit catchesa currentgoing
in the rightdirection.If it does,youcansendyour hot-air
balloonflyingoffrightbehindit.

Careful! Whentwoair currentscollide,you'llexperience
windshear,whichcan beincrediblydangerous.In the blink
ofan eye,your balloonwillheadoffin onedirectionwhile
yourgondolawillbesweptawayin another.

Careful!Ifyoufindyourselfon theoppositeor leewardside
ofa mountain,you'regoingto havea deceptivedownslope
windblowinginyourface.Flyinghereishighlydangerous
dueto theturbulence.Don't mistakea realgust ofwind
for itsmisleadingcousin.

DYNAMIC UPDRAFTS

What happens when the wind hits the gentle slope of amountain?
It shoots upward. Ifyou want to track the direction the wind isblowing,
make a windsock out of striped fabric (page 82). Thiswill show you

the direction and strength of the gust. If the windsock points towards

Gliders(page226) can’tgain altitudeon their
own.But ifyou unlockthesecretsofthesky'scurrents, ma,
you'llstillbeabletostayaloftfor hours. ~\

Thecloudyroad
Thermalflowssuckmoistureoutoftheground,which
thencondensesin thecoldair and turnsintoclouds,Keep
an eyeoncumuluscloudsbeforethey'rewhiskedaway
by thewind— therewillbea thermalcolumn
underneatheachofthem.Hopfrom cloudto cloud
andyou'llfindyourselftravelingthecloudyroad.
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the mountains, fly in that direction and enjoy the lift up the mountainside.
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fyou want to travel hundreds of miles in hours instead of months, you

| need an airplane. For some reason, this often spurs the creation of large,

crowded airports, endless check-in lines, passport controls, security checks

and pointless rules about how much liquid you can take where. Try to avoid all

that and remember to enjoy your flight. But the sky is far from the limit. The day

you make your first journey into the great blue yonder is the day the space race

begins.It is said that once upona time,a dog was the firstanimal to make it
to space. But you can surely do better than that.

INSIDE THE COCKPIT

To control the airplane, you need to install a joystick connected to the ailerons

and elevatorsto control the roll and pitch of the airplane and pedals

for rudder control, aswell as leversfor the flaps,landing gear,etc.

If the airplane is small,you mayhave enough muscle power to change

the position of the elements using cables, rods and levers, but if the airplane

is more complex, you will have to add mechanical, hydraulic and electrical

devices that respond to commands from the pilot.

AVIATION

THE WING

The main part of the airplane is the fixed wings that use airflow to create lift,

The shape of the wing is asymmetrical: The upper part of the wing has a larger

surface area than the lower one. The difference in airflow velocities (air moves

faster above the wing than below it) creates a zone of increased pressure under

the wing and a zone of decreased pressure above it. This positive pressure

generated from below starts to lift the wing. The larger the area of the wing,

the greater the lifting force.

During flight,the wing carries the entire weight of the vehicle,so choose
a lightbut strongmaterialand attachit solidlyto the fuselage.Experiment

with differentwingshapes,anglesand locationsofattachment to improve

aerodynamicperformance.Themain elementsof the wingare the console,

the centerwingsection and the aileron(a smalldeflectableplane at the back
of the console).Youcould alsoadd trailing-edgeflapsthat when extended

down generateextralift—for flyingat lowspeedsduring take-offand
landing—but adda lot ofdrag.Angledwingtipshelp reduce the vortex
that forms at the end of the wing and create extra drag.

FLIGHT CONTROL

If you lower the aileron on the right wing and raise

the aileron on the left wing, the right wing will

have more lift and, accordingly, the airplane will

roll to the left (I).

‘The tilted surfaces on the rear horizontal tail

are elevators. They control the pitch of the aircraft.

If the elevators are turned up, the tail section

of the plane drops, the nose rises and the aircraft

will climb to a higher altitude (III). But be careful

not to pitch up too much and stall the airplane!

The airplane'sfin is equipped with a vertical

moving part called a rudder. Swingingthe rudder
to the right causes the tail of the airplane to shift
to the left and the airplane itself to turn

to the right (II).
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1. Combustion chamber

2. Jet pipe
3. Air valve

4. Fuelvalve
5. Sparkplug
6. Exhausttube

ENGINE

In pulse jet engines, the fuel-air mixture is fed into Combustion byproducts escape through This creates a partial vacuum in the combustion

the combustion chamber (1) in small portions the nozzle (2) and the air intake, creating thrust. chamber, forcing air and part of the gases from

at regular intervals. During flight, air and fuel are Due to the difference in length between the two the exhaust pipe into the chamber, which then acts

supplied to the combustion chamber through the pipes, the pressure in the air intake valve drops as a virtual piston, compressing a new portion

air intake (3) and the fuelvalve(4), whichmixand —_while combustion products are movingthrough of the combustiblemixtureand ignitingit.
are ignitedby the sparkplug (5) during operation. the exhaustpipe (6). The cycleis then repeated,creatingcontinuous

thrust and forward momentum.

Because of its low power, this engine is not capable of accelerating a large 1, Consolei 6. Leadingedge 11. Fuselage
ag ia nit dant U: te cei, the diff 2. Centerwingsection 7. Elevator 12. Nose

airplane to take-offspeed on its own. Usea catapult tomake up the difference. Saat 8. Rudder 13. Cockpit
Keep in mind that such an engine has a very high fuel consumption per unit 4. Flaps Ce En 14. Landinggear

of thrust, much higher than the turbofan or turbojet $. Spar 10. Stabilizer

aircraft engines that you will have to build

in the next stage of civilization.
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igher and faster doesn’talwaysmean better. Sure,planes can

takeyou on a quick flit across the ocean, but they're ill-equipped

to find someone lost in a forest or delivera packagewhen

there's not enough room for a landing strip. But these things become possible

when you invent a rotorcraft. Let's start with a simple type: a gyroplane.
It’sboth light and maneuverable — a perfect choice for novice pilots.

THE MAIN ROTOR

‘Therotor is what creates lift in gyroplanes. That being said, it isn’t connected

to the engine but rather spins around its axis in a state of free autorotation.

So what makes it turn? As it turns out, the oncoming flow of air propels the

wings. Even if you strip the engine from a gyroplane and toss it off a cliff, it still

won't crash.

The key is the tilt of the rotor blades. See for yourself —the lower surface

of the blade is angled against the direction it’sspinning. As the air flowsunder

the rotor, it begins to turn exactlylike a windmill. The blades are also shaped
like airplane wings (page 224). As they spin and cut through the air, they

createslift, an effectthat’scalled autorotation.

ase

You need a running start to get your gyroplane

airborne, although the runway doesn’tneed to be

as long as it does for an airplane. But for vertical takeoffs
and landings,you're going to need to invent a helicopter, j

which is a machine with a rotor connected to an engine. :

‘Theproblem here is the complexity of the technology.

‘Therotor actually changes shape several times

each second. For now,perfect your craft
with gyroplanes.



GYROPLANE
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1. Main rotor ae ee A Sa
2. Internalcombustionenginewithpusherpropeller ee Z a
3. Enginecontrol(throttle) : 2

4. Flightcontrol
$. Tailfin
6. Rudder
7. Liftingsurface an
8. Ailerons(lateral control,

for turningrightand left)
9. Altitudecontrol '

10. Stabilizers ea Soeere Theheavyrotormustbeabletospineven

in thelightestofbreezes,somakesureit’s
installedona qualitybearing(page 172).

PUSHER PROPELLOR

Autorotation is all well and good, but flying machines must do more

than simply fall in style. How do you ensure a constant flow of air underneath

Toget thegyroplanerunning,first invent the rotor, even as the gyroplane is ascending? In this case, you would tilt
the internalcombustionengine(page244). the rotor slightly toward the rear and give the machine a boost with an engine
Sheermusclealonedoesn’tgenerateenough ;

force,and steamenginesrequiresomuchwater
that they'retooheavyfor practicaluse

inflying machines. sure the lift doesn’t send the entire apparatus shooting off into the clouds.

driving a pusher propellor.The tilted rotor pulls the machine backwardslightly,

but the engine is more than capable of overcomingthe resistance.Just make

STEERING

Adding a horizontal stabilizer anda fin like those seen on airplanes will make

your gyroplane steerable. Controls are a piece of cake. The joystick handles roll

and pitch, while the pedals are connected to the rudder and control yaw.

Wanttogofaster?Justhitthethrottle.

AUTOROTATION

While they may seem complexin design, there are actuallygyroplanes all
around you. Remember the double-winged seed pods that spin playfully
down from maple trees? In childhood, you mayhave called them “helicopters,”

“whirlers”or “twisters.”After dropping from the tree, they fallslowly,bearing

the seeds they carry far awayon the wanton wind.
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flyingmachinethat’slighterthan airbut has ahigh carryingcapacity?
It’snot a dream but the feat of engineering genius that is the dirigible.

It consumeslittlefuelbut can travellong distancesand, despiteits size,
isverymaneuverable.Althoughthere is the issueof findingparking.

oo Ze CRRISESROTTERLL Lj waWye ud}hyMLL ZIT QE >

STRUCTURE OF A DIRIGIBLE

Streamline the design to create extra lift and expend less fuel, and if you

slightlyraise the nose during flight,you can create even more aerodynamic

lift, similar to the waythe wings of an airplane work. Youmay choose to fill
the body with hydrogen, which is the lightest of allgasesbut is extremely

flammable.Saturate the fabricwith latex to make it gas-tight.The envelope

should be soft — the gaspressure will keep it inflated.Thiskind of airship

is easy to assemble, disassemble and transport but cannot be made very large.
Bypula Youcan supplement the shell with a frame to give it rigidity.The semi-rigid

airship also retains the shape of the shell due to the internal pressure
of the carrier gas, but in the lower part, it has a rigid keel truss to which

the habitation gondola and other elements of the airship are attached.y0 fs

Rigid airshipshave an externalload-bearingstructural frame made of transverse

and longitudinal load-bearingelements coveredin a layerof fabric.Almost all

the ship'sequipment and gondola are installed inside the frame.Strike a balance

between the weight of the vesseland the amount of gas: If the airship is too .
light,it will flyup uncontrollably.Thisbalance must be constantly monitored.

With a changein altitude, the air density and pressure change,so the ratio

of the weightofthe gasto the ambient airwillalsochange.To balance
the airship,use ballonets— airbagsinsidethe outer envelope.When inflated, ;
they reducethe volumeavailablefor the liftinggas,allowingyou to compensate i
for the changein pressurewithin the envelopeduringascent,descentor sudden F

HYDROGEN PRODUCTION changesin temperature:pump atmosphericair in or out of the envelope,thus
Usewater electrolysis.Under the influenceof a constant electriccurrent, controllingthe total gasdensityand,accordingly,the liftingforceof the airship. |

waterbreaks down into oxygenand hydrogen.Applyvoltageto two electrodes _Installcombustionengines(page244) and propellerson the airshipto create

immersedin water.Thepositiveside is the anode,and the negativeside horizontalthrust. Placethem at the backof the hull and attachthe elevators
is the cathode.To improveconductivity,add lyeto the water.Hydrogen to the outside to guidethe boat up or down.Rudders and sidepropellers
willbe releasedfrom the cathode side,and oxygenfrom the anode side. willcomein handy duringhorizontalmaneuvers.

[ 228 }
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1. Mooring device 6. Transversereinforcementribs Topand bottomstabilizers

2. Outer hullfabric 7. Gas balloons.Tomake themgastight, Rudders

3. Maincontrolgondola saturatewithlatex(page116) 11. Sidestabilizer

4. Passengerdecks 8. Internalcombustionengines(page224) 12. Elevators

5. andpropellerstocreatehorizontalthrustLongitudinalreinforcementribs
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gravity,thou art a heartlessthing,
forbiddingman to spreadhis wings
and flyand dooming him to plummet

to the ground.

Youneed a largepiece of airtight fabric.Ordinary

canvaswillnot work,as it’stoo heavyand bulky.
Usesilk. Ifyour goalis to land as safelyaspossible,

sewa canopyparachute: cut triangularsections
of fabric (1) and sew them together. Remember

to reinforce the seams with wide ribbons so that

the parachute does not tear at the seams under

a heavyload.

ACHUTE
Ba ag

AVIATION

But you can slow the descent and survive the fall,

even from very great heights, if you know how

to pit another natural force against gravity —

air resistance.

Special air slots (2) should be cut in the canopy

of the parachute to allow for some air flow.At first

glance, this may seem to reduce the effectiveness

of the parachute, but in fact, these slots release

excesspressure buildup under the canopy and
stabilize air flow.Fortify the parachute with

a strong, wide webbing sewn into a net over

the top surface of the parachute and ending

inloopsaroundtheperimeter(3).

If the sailsof our ships can bear us along on water
waves, why not create another kind of sail to catch

air waves?

Attach suspension lines (4) — long, sturdy

cords — to these loops. Make them from woven
silk threads. Theywill slip over each other easily,

which will prevent tanglingwhen the parachute

opens. Gather the suspension lines into four

bundles and attach them to the parachute pack
with carabiners (5). Sewa reinforcingwebbing

around the bottom edge of the canopy between
the suspension line attachment loops.
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Make the finalcircumferenceslightlysmaller than the canopy itself sothat

it gathers at the bottom, preventing it from saggingand tanglingduring
deployment and reducing the time it takes to fillwith air.

Initially,the parachute ispacked into a compact bag of complexdesign to await

deployment. To release the parachute mid-air and make sure it catches and

fully deploys in the airflow,you'll need to apply some force.

Doing this manually is difficult,but you can make the task easier with the help

of a special small pilot chute (6). It will do all the work for you: As it catches

the airstream, it pulls the main canopy out of the pack behind it.

PACKING THE PARACHUTE

How the parachute is packed determines how quicklyand effectivelyit deploys.
The canopy should be folded longitudinally so that the seams remain straight.

Then it is folded perpendicularly and placed in the parachute pack. The lines
must also be packed in a specificwayso they do not get tangled.The pilot

chute fitsinto a specialcompartment separate from the main compartment
of the parachute pack.

The pack consists of four flapsthat open like an envelope.During the packing

process, they should be held open. The different parts of the parachute are

packed in the order in which they must be deployedwhen the parachute opens.

First, the pilot chute is folded and secured with a closing pin connected

to the valve of the main parachute chamber. The suspension lines will open

according to the order in which they are packed and are fastened to the canopy

with shackle pins connected to tensioned elastic bands. The skydiver pulls

the ring connected to a cable holding the pins. When the pins are pulled

out, the tensioned elastic bands are released and quickly open the valves.

The canopy of the pilot chute catches the rising air stream and unfurls,

drawing the main canopy out of the bag with it.

S<S36ReH
Foldingthecanopy

Placinga protectivecover

Checkingthecableplacement

Bundlingandpackingthelines

Packingtheparachuteintothepack

Placementofthepilotchute
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he forces of nature can be

tamed and harnessed.

Thiswill mark the beginning
of the age of industrialization.Wind

and water can be used to power
millstones, pumps and water-lifting

machines,presses,jackhammers
and mine hoists. This ability will

help to find new resources and

create innovative inventions and
products leading to the growth and
development of new technologies.
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WINDMILL

Windmills are mechanical devices that convert the wind's kinetic energy into

mechanical work through the aerodynamic action of the airflow on the wings

of the mill. The rotor blades of the mill (1) are pushed by the wind and begin

to rotate. When needed, the rotation of the blades can be blocked using a rope

and chain (2) mounted on the rear of the tower. On the shaft connected

to the edges,there is a largebrakewheel (3) that drivesa pinion (4) at the top
of the centralverticalshaft (5) running through the whole structure.Below
is the gear (6) that drives the millstones (7). Only the upper stone rotates,
while the lower remains stationary.The gap between the stones should be

tiny to produce a fine grind. The finishedgrain flour flowsthrough

the channel into bags.

To allow the mill blades to catch the wind blowing from different

directions, mount the upper turret on a rotating platform that is

turned by a fantail (8) and gears.

WATER WHEEL

Convert the potential and kinetic energy of water into mechanical work.

The water drives the blades of the wheel. It transmits the rotation from the

water wheel (9) to the drive pulley, which uses a belt to make the second

pulley (10) rotate. This is connected through a shaft to the gears (11 and 12), eS

turning the gear wheel that rotates the millstones (7). When determining how :

you want to place your wheel in the river, consider that an overhead wheel, : if ud!

which has water poured into it from above, is more efficient than a wheel iM

lowered into the stream, as it captures the potential energy of the falling water.

Combining a windmill and watermill will increase your efficiency —

if the wind is low, use the waterwheel to continue processing grain without

interruption. This requires a lever (13) capableof switchingbetween

the windmilland waterwheel to power the shaft (5), which turns the gear
wheel (6) drivingthe millstones (7). Liftingthe leverengagesthe windmill

gearsthrough the windmillshaft (14) whilst disengagingthe waterwheel
gears (16 and 17) through the waterwheelshaft (15), and viceversa.

Thehigh-speedvertical
waterwheelisa prototype
ofa moresophisticated
technology:steam
power(page242) and
hydroelectricpowerwith
a waterturbine.Thistype
ofwheelrequiresapowerful
andfast streamofwater,
suchas a waterfall.Youcan
createthesetechnologies
in the next stage

ofdevelopment.

|
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he printed word givesrise to the collection and distribution Printing facilitates the spread of ideas that may form changes in your
| of knowledge. Suddenly,more people will be able to gain new societal structure. With the help of books, flyersand pamphlets, all types

knowledge and add it to their own. of information will be availableto all levels of society.

So that you're not stuck tediously transcribing texts by hand,

create a printing press.You'llneed individual letter stamps
that you arrange to create a text, stamp onto a paper, disassemble

and then rearrange to create a new text using the same type stamps.

First, carve the letter stamps from wood. Press these forms into

a mixture of sand and liquid glassor into a softmetal such
as copper. Pour an alloy of molten lead and tin (page 110) into

the resulting molds and let harden. Now you can use these stamps

to print texts.Just keep in mind that you'll have to carve the

wooden letters in a mirror image so that they'll end up facing
the right direction on the page. The cast stamps will also

be mirrored. You'll also have to get used to arranging the words

backwards so that they read correctly in the printed text.

Make an oil-based ink from soot and turpentine,

which can be obtained by burning pine resin.

Apply the ink using a rubber roller or a ball made

from goose skin and stuffed with wool. Treat

the leather with urine to make it softer so that

it won't wear down the typeface as quickly.

Cover the roller or ball evenlywith ink, and

then carefullyapply it to all of the letter stamps

and you are ready to print.

LETTERPRESS
Set the moveable metal letters in the frame (7)

on the table base. Apply the ink. Attach a sheet

of paper to the heavy roller (6) with a handle.

To ensure the roller moves smoothly, cut guide

grooves into the base of the table. Turn the roller

so that the paper is pressed against the letter

board. The raised letters (A) transfer the ink onto
1. Woodenfontprototypethe paper (B), leaving an imprint. Make as many 2. Castingmolds

copies as you'd like by simply switching out 3. Stampscastfromlead
the paper in the roller. Then rearrange Pi Re a

the moveable type to make the next page 6. Paperroller

and repeat the process, 7. Framewitharrangedtype



INDUSTRY PRINTING PRESS

FLAT PRINT
Smooth downa slabof limestone usingwaterand sand (1). Draw directly Or add soap,bakingsoda, carbon blackand gum (resinsecretedby plants

onto the slab (2) usinga pencil made of soap,mutton fatwaxand carbon black _—_when the bark is damaged) to an oilbase.Rub the slabwith powdered rosin
or ink. Make this by mixingsoot with drying oil,obtained by evaporating (page 200) and coverwith a mixture of calcinedstarch and sulfuricacid (3).

linseed oil. The acidicsubstancewillstick to the unpainted surface,makingit waterproof.
‘Thepainted parts will remain water absorbent.

Wet the slab (4). Water and grease paint do not

mix. Once applied, the pigment will stick only

to parts of the stone that have been covered

by wax crayon (and have remained dry). You can

also make color prints. Draw a different image

on the slab for each color you want to print

on the paper (5) and run the sheet over

severaltimes, changingthe pattern
PRINTING PRESS

Place a stone mold (6) with the image

and adding colors sequentially.

up on the base and lay a damp sheet

of paper (7) on top. Cover with
a sheet of rubber (8) and a clamp (9)

on top. This will ensure that pressure

is applied evenly across the surface

of the stone by the roller press (10).

In a printing press, it is the mold itself

that moves. It is fixed on a frame (11)

driven by a gear wheel (12) and
is rotatedwith a handle (13).

A huge screw (14) is connected
to the pressure roller. When

the wheel (15) rotates, the screw

turns the rotational movement into

a linear downward movement, thereby

increasing the pressure and leaving

a clear impression on the paper.

\

Thepaper mustbeslightlylargerthan thepages Thisissothat whenthebladeislowered,itslices
ofthebookyouwishtoprint, leavingblankmargins throughsmoothlyandslidesagainstthemetallic
aroundtheedge,whichmustthenbetrimmed.Use surfaceofthecounter.Usea bladethat isconvexlike
a guillotine-stylepapercutter.Holda stackofpages a saber.Thisway,asyoulowertheblade,thepressure
togetherusinga press.Theedgeofthetableshouldbe willbeappliedina moreconcentratedarea,reducing
outfittedwitha metalcornerfor cutting. theforceneededtocutthroughthesheets.



hoever says that brute force never solves anything is sorely

mistaken. It comes in handy when you want some wine
or olive oil or when you need to bend solid materials into shape.

Build a hydraulic press to create a force many times greater than what

you yourself can apply.

IR ZEN(AD)

Thelever(1) movesthe piston (2) insidethe barrelof the pump (3), Liquid
(4) is forcedthroughthe tube (5) into the powercylinder(6) and drives
the piston (7). When the leveris lifted,the valve(8) closesandprevents
the liquidfromflowingbackfromthe cylinder,the valve(9) opensand new

liquidentersthe pump.When the leveris lowered,the valve(9) closes,and
the fluidis sent to the workingcylinder(6), raisingthe piston (7) evenhigher.
Theprocessisrepeateduntil the workyou need isdone.Clampsconnecting
the pipe (5) with the workingcylinder(6) and the pump cylinder(3) form
a system of communicating vessels,

When the work is done, open the stop-gatevalve(10) and the cylinder (7)

will return to its originalposition under its ownweightor with the help
ofa spring,and the liquid willflowbackinto the reservoir (11) through

the return channel (12). The main element of the press is the U-shaped
cuffs(13) that prevent the outflowof liquid.



INDUSTRY HYDRAULIC PRESS

MANIPULATOR ARM

Once you havepracticed making simplepresses and have
mastered hydraulic technology,you can take on more

complex tasks such as building robotic arms
with hydraulicallypowered limbs.

Manipulator arms consist of articulated links,

like the bones and joints of ahuman hand.

Manipulators can be built with movable

links that allow both translational

and rotational movements.

The combination and arrangement

of these links will determine the mobility

of the robot.

The movement of the limbswillbe providedby hydraulic
cylinders— analoguesof the musclesin the human hand.
But in order to move the heavy limbs of a mechanical device

with enough force,the strength ofa human arm is not enough.
Therefore,the onlypart that is operated manuallyis the valve
control (1), while the pressureis createdusinga separatepump with

a steam or electricdrive (2). Thepump forcesan oilyliquidunder
highpressure into the power cylinder (3) where the piston (4)
is located, which is connected to the manipulator (6) by a rod (5).

This iswhat makes the piston move and with it the "arm"
of the robot. In lieu of a gripping hand, you can attach any sort

of device — a shovel for digging, a drill for wells, a vice clamp, etc.

Ifyoudon't installa cuffseal,thepresswillnotwork,as liquid Onerimof theringshouldbeconvexand theothershaped
willbeginto leakoutandyouwon'tbeableto createtheproper _ likea hollow,Whenliquidpressesup againstthe U-shaped
amountofpressure.Thesealshouldbemadefroma flexible, wall,the cuff,due to itsflexibility,createsthenecessaryseal
water-resistantmaterialsuchas rubber(page116). betweenthepistonand thecylinderwalls.



hen you learn to use fire for more sophisticated tasks than simply
\ / \ roasting hunks of meat, you'll open the gatewayto a whole range

of useful new materials. For example, you can purify ore mined

in mines to obtain metals. And since large amounts of metals, such as iron

and steel, are needed to restore civilization, you'll need a smelter working

round the clock.

BLAST FURNACE

Cover the outside of the furnace with a casing made of thick steel sheets and

make a refractory lining out of white clay bricks. This will reduce heat loss.

‘The stove also needs some sort of cooling system so that it doesn’t burn out.

Use water — when it comes in contact with the furnace, it will evaporate,

actively absorbing thermal energy. Gases formed during combustion

are vented and raw materials (pieces of iron ore mixed with pieces of fuel

and limestone) are loaded into the upper part of the furnace (1). For fuel,

use coke — coal heated for 20 hours at a temperature of about 1000°C

without any airflow.Belowthe forge is achamber where the coke is ignited (3).

You'll need a bellows constantly pumping air through this chamber in order

to stimulate combustion. In the wide part of the shaft (2), the materials

are heated and iron is obtained from oxides with the help of carbon

monoxide, which is formed in the furnace. The iron melts and

flows down, saturated with carbon. Cast iron and slag (molten

impurities) are formed. The slag has a lower density,

so it floats on the surface of the molten iron. Make two

Nechannels, one for removing the slag and one alittle

lower for removing the cast iron. The furnace

must be running constantly: If the supply of air

and fuel is cut off, the temperature will drop,

the materials will solidify and the furnace

willstop working.

CASTING

I. Make a model out ofwood. Try,for example,an angelicvisage. II. Connect the top and bottom molding boxes containing the sandy
Il. Cut the model into two pieces so that you havea flat surface for casting imprint of your cast. Pour molten metal into the holes left by the tubes.

and place in a molding box (a box with one side missing). Pour sand Let it solidify. Remove the flask and break off the caked sand mold.

mixed with refractory clay into the mold, as well as liquid glass to bind Beneath it will be your angel head, cast in metal. Cut off the excess metal

this mixture (melt the sand with soda and dissolve in water). Insert tubes held in the tubes through which the metal was poured. Sand and polish

into the sand to form channels for casting the metal. Pack the sand down the finished product.
tightly then remove the tubes and wooden model. All these details will

leave impressions in the sand, cavities into which you will pour the metal.



ms Tt am
CLLe

Lay

waved

OBTAINING STEEL
Cast iron is carbon rich, which makes it hard but not ductile. It cannot be bent

or rolled. But ifyou remove some of the carbon from the iron in an open-hearth

furnace, you get steel, which can be processed more easily.Air and combustible

gas are heated in one of the two regenerators (1, 2) and enter the space above

the refractory brick bath (3). The heat of the flames is reflected by the low arch

of the furnace and melts the metal. Iron is oxidized by atmospheric oxygen.

‘) SPYLEED,

The carbon, interacting with this oxide, burns off.Foreign impurities stick

to theresultingcarbonmonoxidebubbles.Asthey riseto the surface,they

formslag.Combustionproductsaredischargedthroughthe secondregenerator,
heatingit.Airand combustiblegasareperiodicallysuppliedthroughthefirst
or second regenerator; the direction is changed by switchingvalves.

(Dar)
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he steam in a boiling kettle makes a loose lid jump and rattle. The energy

of this steam is wasted, but it could easily be put to good use. After all,

why let steam dissipate into the ether when you can harness its power

and use it to your advantage?

GOVERNOR

The steam engine is not a particularly reliable mechanism. If the shaft spins too

a2 a _ a
VEL
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STEAM CHEST
The heart of a steam engine, the element that makes the whole huge mechanism

work, is the steam chest. After steam is generated in the boiler, it flows into

the steam chest. Inside are two piston-valve openings that lead to the cylinder.

They serve as control valves.The left port opens, and steam rushes into

the cylinder,pushing the piston forward. The flywheelmakes a half-turn and

pushes the piston valve,closing the left port and opening the right one. This

time, steam enters through the right port, pushing the piston back,After another

half-turn, the flywheelcompletes the circleand pushes the piston valveback

into place, once againopening the left port. And so on. The flywheelmakes
a full revolution every two piston strokes. The machine putters forward.

The piston valve is also responsible for discharging the exhaust steam into

a water-cooled condenser. Once there, the steam becomes water and is sent

back to the boiler. It’s a completely closed system.

INDUSTRY

quickly,the engine can overload and blow everything up. That'swhy we need

a governor.When the shaft rotates too quickly,the centrifugal force causes

the weights to swing out, turning the valvevia a system of levers that

consequently reduces the flowof steam into the piston. If the shaft rotates

more slowly,the weights fold under gravity and the valveopens the pipe

to allow more steam to pass through. By adjusting the flow of steam in this
way,the machine maintains a consistent speed.

Create a steam engine. It's the first technological driver of any civilization.

Steam engines deliver a level of power that even a team of horses can’t match.

And almost anything can serve as a heat source: firewood, coal, peat, alcohol

or solar and geothermal energy.
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INDUSTRY STEAM ENGINE

ASSEMBLY LINE

Just because you have a spinning wheel doesn’t mean you have to go

anywhere. With the help of a flat belt, this energy can be transferred

to a drive shaft, which in turn can rotate smaller wheels to drive

machinery in a factory. More importantly, this allows you to build

a factory anywhere, as you aren't beholden to the ficklewhims
of the elemental forces of wind and water.

ROTATIONAL FORCE

Harnessing steam power to run the engines is only half the battle.

What matters more is figuring out how best to use this newfound power.

The first thought that comes to mind: If you have a spinning wheel, you can use

it to drive somewhere. However, steam engines don't just turn wheels; they can

also rotate blades and propellers, meaning you can sail away as well.

FLYWHEEL

A steam engine that drives axles tends to move

haltinglyand sporadically.The force needed
to turn the wheel of a steam locomotive or drive

mechanism varies depending on the position

of the shaft. To provide a smooth, uniform

movement, you need a device that stores rotational

energy and uses it to compensate for uneven

friction and resistance. This device is called

a flywheel. The larger the flywheel, the more

energy it is able to accumulate and the smoother

the drive mechanism will run. That's why

the flywheel is one of the largest parts

of the engine.

Flywheel
Piston valve

Piston

Regulator
Centrifugalspeedregulator
Cylinder

Ceo
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team engines are very bulky and heavy,as they require a boiler and
S largereservoir ofwater.Ships and locomotives on rails can support

the weight, but there's amuch better design of heat engine for transport,

as well as many other applications. Rather than generating steam to inject into

a cylinder and drive a piston, instead use a liquid fuel that burns to produce

hot gases that drive the piston — an internal combustion engine. This is more
fuel efficient and can be built much smaller and lighter.

The internal combustion engine converts the energy of fuel

combustion into mechanical work. Combustion takes

place in the cylinder that is fitted with a piston (1).

As the piston moves, it changes the volume

of the cylinder. A mixture of fuel vapor and air burns

inside the cylinder, increasing the pressure

within the cylinder and pushing on the piston.

‘Thatin turn moves the connecting rods (2),

which spin the crankshaft (3). To ensure uniform

rotation of the crankshaft, a massive disk known

as the flywheel(4) is attached.Thecamshaft(5)

isresponsibleforsynchronizingtheoperation
of the valves with the pistons. It operates cams — moving

pieces that open the valves (6) when the shaft rotates. As soon as

the camshaft stops pressing on the valve, it closes. It is important

that the camshaft rotates half as fast as the crankshaft, making one

revolution in four strokes of the cylinder. For the engine to work

smoothly, new quantities of air and fuel must enter the cylinders

through the intake valve (7), and the combustion products must

be removed through the exhaust valve (8) at the right time.

PREPARING THE FUEL MIXTURE

Depending on the way you prepare the combustible fuel mixture, the engine _ A gasoline internal combustion engine requires not a liquid fuel but a spray —

can run on either gasoline or diesel. In diesel engines, the finished fuel a fuel-air mixture. Aspecial device known as a carburetor (9) prepares

is fed directlyinto the engine cylinder under highpressure at the end the mixture.In the carburetor,the air flow(10) passesthrough a taperedtube,
of the compressionstroke (II), atomizingit into tiny droplets during acceleratesand sucksfuelfromthe floatchamber(11) througha thin hole (12)

the process.The air in the cylinder is under much higherpressure,which and spraysit.Theairdamper (14) regulatesthe amount offuel-airmixture(13)
heats up the fuelmixture and causesit to combust without anyspark. beingsuppliedto the engine.
Therefore, diesel engines do not need an ignition system,

[ 244 }



INDUSTRY COMBUSTION ENGINE

You can’t just vent the exhaust gases directly from the cylinder into The immense energy released by burning fuel heats up the engine. To make

the atmosphere. They are scorching hot and flyout at high speeds. sure it doesn’t overheat and die, you'll need to cool it using a special liquid

A muffler (15) will slow them down. It’sa little box with different passages coolant that is pumped to the radiator (16) where it releases excessheat

and chambers inside that functions as a sort of labyrinth for the gases. to the atmosphere, cooling down in the process, and then is cycled back

It allowsthem to cool down and exit almost silently through the exhaust pipe. _ through to absorb heat again.

To reach high velocities,you'll need

a lot of horsepower. Youcan increase

the fuel combustion capacity

of the engine by installingadditional

cylinders— more fuelwillbe burned

with each revolution of the engine.

The lighteryou make the parts,

the more efficientlythe engine

will work. When the piston changes

directions, it expends energy to stop

moving in one direction and start

in the other. The lighter the piston,

the less energy it needs.

FOUR STROKE ENGINE

I — fuel intake

I — compression

Il — combustion

IV — exhaust

The piston makes 2 revolutions in four strokes.

A — inlet valve

B — exhaust valve

C — sparkplug

D — piston

E — connectingrod

F — crankshaft

G —fuel-air mixture

H — spark

J — exhaustgases
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ith the emergenceof industry comes the challengeof transporting

goods overlong distances.And this is essentiallyan economic task:

Youspend resourcesto overcomethe forceof friction.Yourgoal
is to reduce costs. An asphalt road will be more efficient than a dirt road,

but layingsmooth steelrailsandbuildingtrainsto glidealongthem
ewill reduce transportation costs tenfold. ir
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Lay a ballastlayerofcrushedstoneand sand on topof theembankmentfor the road.
It willhelpto distributetheloadand protectthe layerofsoilunderneathfrom cracking
and erosion.Rememberto laydrainagechannelsalongtheembankment;otherwise,
thesoilwillquicklywashaway.

RAILS AND RAILROAD TIES

Soakwooden ties in tar and theywilllastdecades.Rails requiresteel (page 240).

Ifyou forgoa squarecross-sectionand insteadshape them likea letter “H,”
they will be 7 times stronger while weighing less. Try to make the upper part

of the rail slightlythicker in order to compensate for the high wear it willendure

as the train runs over it. The rail (1) is attached to the railroad ties (2) with clips

or screws(3). Youalso need steelpads (4) and brackets (5) to bear some
of the excess load.

WHEELS

In order for the train to be able to turn, the wheels must be cone-shaped.

‘The wheel is tapered so that the outer rim has a smaller diameter than the inner

one. When the train is going straight, the wheels touch the track at the same

point on each side and are level. But when the rail turns, one wheel touches

the track at a point slightly more towards the outer rim, with a smaller diameter,

so that it ends up traveling a shorter distance than the other wheel. Asa result,

the axle begins to shift and the train turns. a

THE BRAKING SYSTEM

Accelerating a multi-ton locomotive is easier than stopping it. To stop all

wheels moving at the same time, you need a braking system with an air
line. Acompressor (page 238) fills it with compressed air.The air enters

the cylinder (1), compresses the piston (2), which moves and uses

the lever mechanism (3) to push the brake pad (4) awayfrom the wheel.

When the conductor wants to brake, he opens the brake valveto release

the air pressure, and the brake pads are pressed against the wheels.

INDUSTRY

An even more effectivesolution would be reducing the friction and air

resistance to nearly nil by using a vacuum tube. But along with the clatter

of the wheels, all the romantic atmosphere would disappear, and then

what would be the point?
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RAILWAY COUPLING

A locomotive can pull a train with dozens of cars When properly fastened,the coupling locks into

weighing tens or evenhundreds of thousands placewith a lockingmechanism.To uncouple

of tons. But this is onlypossible if the cars are the cars,allyou need to do is raise the lockinglatch.

securelyfastened together.The simplest option The designof the couplingsincludes a little room

is to fasten them together with bolts. But they for movement, allowingeven a small,relativelyweak

willnot withstandveryhigh loads,and the process locomotiveto pull a heavytrain.Thanksto this
ofcouplingand uncouplingthe carswill takealong _ leeway,when the train firstbeginsto move,it isonly
time. It is better to invent an automatic coupler. pulling the weight of the first railroad car. The joint

It doesn't require bolts, resembles a "steelhandshake" _ inertia of the locomotive and the carriage pulls

in design,operates automaticallywhen the cars the second car,the combined inertia pulls the third

come together and withstands very high loads. and so on, all the wayto the caboose.

Railroad switch
If the movingpieceremainsin itsinitial position(I), thetrain
continuesstraight.If theswitchpushesthemovingsection
to one side (II), the train wheels are redirected towards

thedivergingrailand it turns.

At railroadswitchpoints,thereare twofixedsectionsofrails,
onerunningstraightand theotherbranchingoffto theside.
A movingpieceat thedivergencepoint can bemovedlaterally
intooneoftwopositionsto directa train towardseitherpath.
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ivilizationand garbageare inseparablephenomena. Some civilizations _ First,you'll need a conveyor belt: A motor rotates the drive drum, which sets

hit a dead end when they createconvenientmaterialsthat they have in motiona seriesof rollers.As they rotate, they move the belt forward,carrying

no wayofgettingrid of.So the sooner you think about how to reduce the garbagethrough differentstagesof the recyclingprocess.

your wasteto a minimum by recyclingit into somethingnew,the longeryour
world will survivewithout environmental catastrophe. Break large pieces of trash into smaller ones using powerful cutters powered

by electric motors. Sort smaller waste into different size categories by sifting
Thisbeing said, the process of recyclinggarbagealso eats up a lot of resources. it through mesh sieves of various sizes.The final stage of processing is waste

Once you figureout how to resolvethis contradiction, you willbecome the most _ compaction. The finished briquettes can be taken to factories to be processed

sustainable civilizationout there! The main priority is creating a convenient into paper, glass or other products.
system for collecting and separating trash so that most of it can be recycled

and used again in other products.

METAL

Place a powerful magnet above the conveyor belt

to separate out small pieces of steel, cast iron and

other alloys. They can be sent to the smelter.

Use an eddy current separator to collect non-ferrous,

non-magnetic metals. Place fixed magnets on the inside wall

of a cylindrical shell. Use an electric drive to set the shell into motion.

The main component of the separator is the rotating magnet (page 194).

It produces a magnetic field around itself, forming eddy currents in non-

ferrous metals. They will create their own magnetic field around the particles.

The force that results from the interaction of two fields repels ferromagnetic

impurities from the bulk of the raw material. As it is pushed out the front
of the hollow cylinder, the non-magnetic materials continue to move and

the magnetized particles are captured and held by the magnetic field,

remaining on the surface of the hollow cylinder. This is how materials

with differentelectricalconductivityare separated.

&

BATTERIES

Batteriesrequire specialdisposal techniques and will have to be sorted out
by hand. Lead batteries (page 192) can be reused, but you will have

to drain the electrolyte — sulfuric acid. It must be neutralized, after which

it can be processed into fertilizers and household chemicals, or “clean”

sulfuric acid can be restored to produce new batteries.



INDUSTRY WASTE MANAGEMENT
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Unsorted waste can also be incinerated.You'llneed furnaces operating =

at temperatures above 1000°C.The heat generatedby incinerating
waste can be used to generate electricity or heat water (page 156)
for residential buildings.Afterburning, ash and slagremain. Ny

hf]
Slagis a potentially hazardous waste,but it can be used
forbackfillingroads and railways. yNa.

TEXTILES

Grind and turn into a fibrous mass. Make

building materials out of it, such

as heat and sound insulators.

GLASS

Canberecycleda practically
limitlessnumberoftimes.Just

needstobewashed,broken
andmelteddown.

WOOD

Put wood through awood chipper. Youcan then

use the chips to retain water in your fields,make

fuel briquettes or mix into glue to produce

a material suitable for making furniture.

PAPER

Cardboard, paper and all related materials

should be pressed into a cube and sent to another factory

for paper recycling.Recycled paper can be made into new

cardboard, packing materials and toilet paper. Waste paper

should firstbe placed in large drums known as pulpers

where the paper is mixed with water and spun at high

speeds to break it down into fibers.The end product is a pulp
that can be made into paper again (page 288). You'llneed

to bleach it to remove the ink. Paper can be subjected

to a maximum of seven recyclingcycles,by which time the fibers

have become too short and are unsuitable for production.

BIOWASTE

Biowaste must be separated from the rest of the garbage — organic matter Gas is released during the fermentation process, so you'll need a ventilation

gums up the works. It can be remade into biogas (page 90) and used as fuel for _ system with a biofilter made out of, for example,wood chips. Youmust also

cars or heating. Youcan also ferment everything so that it decomposes faster. analyze the metal content of the finalproduct. If the biowaste is free of heavy

Make a room with metal grating for the floor and build pipes underneath metals, you can use it as a fertilizer saturated with nitrogen and phosphorus,

through whichair will blow.Aerate the crushed garbage and mix with lactic and if it is not, you can use it as a non-fertile filler to use in roads and railway

acid bacteria starter (page 104). Then heat the waste, speeding up embankments.

the fermentation processesand decreasingthe amount of pathogenic
microflora,effectivelydecomposing the organic matter.
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MILITARY

ithout a doubt, the best battle is the one not fought. Unfortunately,

no matter how strong your desire or earnest your effortsto keep
the peace and resolveeverything through negotiations, there

is a high probability that not all the creaturesyou encounter throughout

your travelsmaybe friendlyand diplomatic.At some point,
you'll haveto accept the possibilityof physicalforce in the fight

againstevil.And it’salwaysbetter to be prepared.

Martialartsareprimarilyaform
ofself-defense.Theyarecenteredaround

developingtheabilitytoquicklyandaccurately
respondtoanysituation,findingbalance

andcounteringenemyaggression.
Therefore,mostofthe techniquesare aimed

at disorientingtheenemyor temporarily
disablingtheuseofcertainlimbs.Thisismost

easilyand efficientlydonewhenyou use
theopponent'sownstrengthagainsthim.
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There are countless techniques used to knock

an enemy offhis feet, and most of them leverage

the opponent's body speed and the momentum
of his movement against him. Once your opponent

has lost his balance, you have the clear advantage.

The most effectivemoves are disorienting jabs dealt

to vital organs and nerve clusters (eyes,ears,nose,

liver,kidneys, groin) and blows to the joints, which

can temporarily disable an enemy and prevent

further attacks.

But it is worth remembering that using

improper technique will hurt you more

than the enemy. Strike with the heel

of your palm to avoid injury to the

fingers. The best places to aim such

attacks are the nose, jaw, eyes, neck

and throat.

Forward, Down,

Forward, Block

vr
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eleeweapons are needed for close hand-to-hand combat.

Crafting these kinds ofweapons is a real art form. In making

a singleweapon, a smith may employ a whole range
of woodworking and metalworking techniques: carving, forging,

engraving,stamping, gilding, oxidizing.That’swhy you need skilled
craftsmen and quality metal (page 110).

YYa‘i

Edged weapons weapons are designed Blunt weapons deliver
to do slicingdamagein singlestrikes. bone-breaking blows capable

‘Thesharp edgeallowsyou to deliver of stunning the enemy.But you can
multiplehits quicklyand is much lesslikely also combine elements of all

to get stuck in the target.Pointed weapons Yj different categories to create

are designedto pierce through metal your own hybrid piercing/edged

armorwith one sharpblow. or edged/blunt weapon.

Impact or crushing weaponssuch asmacesand malletsare relativelycheap ‘Thestrikingedge ofpointed or edged weapons— the tips and blades—
to produce and nearlyindestructible.Theycan piercethrough evenheavysuits _ can be made from bone, stone (such as obsidian) or metal. It’snot so much
ofarmor (page 256) and can be wieldedby both cavalryandinfantry. the materialthat’simportant as howwellyou sharpen it.

[ 254 }



MILITARY MELEE WEAPONS

A flambard, or “flame-bladed”sword (1), has A sledgehammer (2) is agood weapon

a wavyblade. It must be sharpened fromboth for fightingwarriors in suits of armor (page 256).
sides,while the wavesreachingthe middle A hammer hasa higher center of gravitythan

of the blade must be bent to the sidesat a slight a sword, so the blow deliversmore crushing force.
angle,like a saw.Leavethe end straight for stabbing —_In addition, all the force is concentrated into

like a regular sword.The main advantageof this a singlesmall area, so a warrior won't need super

designis its destructivepower.When pulling the strength to punch through metal armor.
weapon from the wound, the wavy blade acts like

a saw and inflicts significantly more severe damage

than a blow with a conventional blade. It leaves

a laceration that’s hard to heal.

A mace (3) is composed of the mace head,
which is coveredin metallicspikesor wedges

perfect for bludgeoning through armor, as the force
of the blow is concentrated over a much smaller

area.Make a hollow mace head and fillit with lead

shot or pebbles to partiallydampen the recoil
and add extra impact force.

A flail (4) is an auxiliaryweapon that canbe easily

grabbed at a gallop.Flailstrikesare difficult
to deflect even if you have a shield. The metallic

head is attached to the staff by a chain, which

can easilybend around shields while picking

up momentum and strikingthe enemy
with tremendous force.

A sword breaker (5) has deep notches in one side of the blade. In battle, they

can be used to hook an enemy’s sword and pull it from his hands. But this kind

of weapon isn't particularly suited for inflicting stab wounds. Therefore, you

should always carry a normal, well-sharpened blade in your other hand.

Throwing stars (6) are flat discs with sharp metallic points around

the edge. These points can cause devastating damage. Throwing

stars are sometimes made with holes in the center so that they can

be strung together while not in use.Youshould have a lot of them

on hand, as they’re essentially single-useweapons. Because of this, it

makes no sense to make them from expensive,high-quality metals.

Discs can also come in handy in close combat — hold them in your

hands and strike any unprotected parts of the body. This won't inflict

serious wounds, but it will throw the enemy off for a few seconds.

And you can even use it as a sort of primitive mine by sticking one

half into the dirt and leaving the top half exposed.



=

aeelfps J

Tamme=

OR&ae).

rneeeTRON I ma

any animals are born with natural armor. Humans, unfortunately,

have to make it ourselves, though we do have one major advantage:

we can always upgrade our equipment if an enemy comes at us

with a new kind of weapon. Just remember that even the best suit of armor has

its weak spots.

PLATES

Steelsheetsmoldedto fitthe body do wondersforfendingoffchopping
and stabbing blows, even holding up againstarrows,crossbow bolts and spears.

Separatepieces are held together using straps that allowthem to articulate
as the user moves around.
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But they're asheavyas they are expensive,and wearingthem is an exhausting

feat.Worn-out warriorsmust be waryofpreciseblows aimed at the joints
between plates,not to mention bullets.Plated armor is nearlyuselessagainst
firearms.



MILITARY ARMOR& CHAINMAIL

1. GAMBESON

Chain mail is best worn over a thick, padded doublet called a gambeson.

While it doesn’t do much to cushion the impact of the blows, it keeps

the wearer safe from the scratches and infections they might otherwise

sustain from their own damaged chain mail.

2.WIRE FELT

If you compress enough layers of metal wire,

youIl get a dependable bulletproof garment.

Not only does it dissipate the energy from

bullets across a wide surface area, it absorbs

some of the impact when it is compressed

and the layers of wire rub against each other.

3. BALLISTIC PLATES

Bullets carry enormous amounts of energy,

which means the impact must be spread across

a larger area in order to avoid damage.

Plate armor is no good — bullets can slice
right through or deform the metal. Instead,

thick blocks of steel or ceramicmust be used.

But while they shouldn't be so largethat they
weigh the wearer down, making them
too small reduces the surface area needed

to dissipate the energy of a blow.

4. CHAIN MAIL

Made of metal rings linked together in a mesh, (4)

chain mail is conducive to movement and

doesn’t need to be fitted. To make it, start

by winding a metal wire around a rod. Chop

CAMOUFLAGE

One great way to survive combat is to avoid

it altogether. While camouflage can’tmake

anything invisible, it makes subjects

harder to recognize by reshaping outlines

the resulting coil into pieces to get open and disorienting opponents. Alternating

rings, which you then chain together to make spots and stripes should match the color

the armor. The best patterns are either 4 or 6 of the surrounding environment: dark

connections to 1link. Ifyou want to make sure and light green for forests, beige and brown

the links don’t come unclasped, rivet them for deserts, white and gray for the snowy north.

together by pounding the rings flat, drilling

a hole in them, and then locking 2 discs in place.
Chain mail does a great job protecting the
wearer from chopping blows, though stabbing
blows are a differentstory.Arrowheadswill also

pierce through the rings,burying themselves
in the flesh underneath.
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lose quarters fightingis frequently a later phase of combat.

Initially,for both offensiveand defensivepurposes, rangedweapons j

are employed in order to reduce enemy ranks froma safe distance.

Catapults and trebuchets, for example, launch boulders with tremendous force.

For single-warriorusage, bows and crossbows catapult arrows toward the target.

hy,

ZZ
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BOW

Consists of a grip (1), limbs (2), notched limb tips for holding

the bowstring in place (3) and the bowstring (4). For the limbs,

glue together thin boards of flexiblewood using fishglue
(page 140) and wrapthem in leather.As it dries, the leather
will shrink tight to the wood. This will increase the bow's

elasticity and range. On the inner side of the limb, glue a plate
of boiled buffalo or cow horn (the horn works well under

compression) and attach tendons to the outer side for improved

elasticity.Drawing the bowstring is made easier with a release
aid —a leather bracelet worn on the wrist (5) with a metal rod

and “jaws”(6) at the end. Press the trigger (7) to open the jaws

and grab the bowstring between them. Draw the bowstring back

as usual and press the trigger again to release.
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Arrowheads can be made from sharpened rocks (page 20) or animal

bones. But the best material for the job is metal. The shape of the tip may

vary depending on what function it serves. Blade tips are a good universal
arrowhead for hunting and war. Flat tips have poor piercing power

but rarely ricochet.

w

BOWSTRING & ARROWS

Glue together four thin, triangular sticks.This shaft
willhave optimal rigidity,which reduces wobble

and deflection.Set the fletchingvanes at an angle
like a fanblade to stabilizethe arrow during flight

and improve accuracy.Make a bowstring out
of animal sinew or silk (page 82).

CROSSBOW

Deals greater impact damage than a bow.

The added mechanism for drawing, setting and

releasing the bowstring allows you to increase

the draw force and improve accuracy. Crossbow

projectiles are shorter and heavier for greater

piercing power.

enemy’s defenses aflame.

It should be 3-5 cm shorter than the length

of the bow. Tie a small loop at one end

of the bowstring anda large loop at the other.

Secure the small loop first. The larger loop on one

end makes it easier to hook over the upper bow

limb once it is under tension.

[ 259]

BOW & CROSSBOW

Sight
Trigger
Limbs

Bowstring
Flightgroove
Rotating drum
with arrows

een
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Cone tips have more penetration capacity and work well for hunting beasts

with a thick hide. Faceted tips made from hardened steel have high impact

force and are used to pierce through armor. Wrap the tip in resin-soaked

cloth or other incendiary materials and ignite before shooting to set your

Rotatingplatform
Cables
Vibrationdamper
Additionalprojectiles
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s soon as the first cities crop up, they'll almost immediately start

pay putting up defensive walls. Even if you haven't made any enemies yet,

you never know when they may appear. And sometimes, in order

to defend your own freedom and the right to live in peace, you have to fight back.

TREBUCHET

Uses the energy of a counterweight. Construct the two sides
a

ofthe support frame(1) and securethe pivot (2) betweenthem.

Attachthe throwingarm (3) and hangyour counterweightbox (4),

SS weigheddownwith largestones,fromthe short end of the arm.
\ Installa leathersling(5) on the other end and loadyour projectile.
; To turn the pivot and lift the counterweight, you'll need a winch (6),

which can be operated using a giant hamster wheel.

Once it’sloaded, the trebuchet can be locked into place with

the release mechanism — a metallic ring on the end of the arm

that is held in place by a hook in the support beam. A rope is then

tied around the hook so that one tug will release the throwing

arm,allowingthe counterweightto falland rapidlyliftingthe other
sideof the throwingarm.Thispullsthe slingwith the projectile,
whippingit throughthe airand hurlingthe payload.Reducefriction
and increaselaunchspeedby creatinga groovealongwhichthe sling

movesand greasingthe pivot.

CATAPULT

Uses torsion energy stored in a wound rope. Attach the release mechanism

to the throwingarm (7). It isheld in placewith a rope (8). Opposite
the throwingarm is the stoppingbeam (9). Installa lever (10) to wind
the rope and lower the throwing arm, putting it under tension. Once released,

it hits the stopping beam, and the projectile is ejected.

Changethe trajectoryor rangeoftheprojectilebyadjustingthemomentofrelease
from thesling.Theearlieryoureleasethetrigger,thehighertheprojectilewilltakeoff,
and thethrowingrangewilldecrease.Usedifferenthooksfor theslingto adjusttheflight:
Themorethehookisbent,thefurther theprojectilewillfly,but itsangleofincidence
and impactforcewillchange.
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To break through walls,you \\. A siege tower (2) can be rolled up directly to fortresswalls,
need a battering ram (1): allowingwarriors to climbthem. Ifyou combinea siegetowerwith

a battering ram, the chances ofbreaking through will increase.The soldiersaframe from whichathick, __

heavylog is suspended. Youcan

improve its penetrating power
by adding a metal wedge or point.

on the upper platformswillbe able to provide cover firefor those breaking
through the gatesbelow.To protect your own fortress,dig amoat (3)

or surround it with a stake fence (4). Youcan protect the walls of your fortress

from attackers by pouring boiling oil or tar (S) and dirt (6) over them,

as well as throwing spears and launching arrows (7).
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ou can use gunpowder for purely peaceful means, such as fireworks. ;

But humanity has a tendency to want to weaponize everything. |

‘Thepressurized gasgenerated during the combustion of explosives ;

is capableof pushinga projectile out of a barrel at high speeds, givingfirearms

a lethal force greater than anyweapon that came before them.

FLINTLOCK

‘Themost complicated element of a firearm is the mechanism that ignites

the explosive.Thehammer(1) hasa setofjaws(2),whichholda piece
ofsharpened flint (3) or any other materialthat sparkseasily.When the gun

is cocked,the spring(4) ishighlycompressed.When youpressthe trigger,
the hammer is releasedand the flint strikesa steelplate (6). Simultaneously,

the flashpan (7) holding the gunpowder opens.The flint strikingthe plate

causesit to spark,ignitingthe gunpowder on the flashpan. The firefrom the pan
spreadsfurther into the barrel and an explosionoccurs,pushing the bullet.
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MILITARY FIREARMS

NEEDLE RIFLE

Weaponswitha needle-likefiringpin can shoot severaltimes fasterthan
a flintlock. For these weapons, you don’t have to reload every shot, as with

a flintlock — you can instead use a cartridge containing both the bullet and

the gunpowder. Instead of flint, a firing pin (7) is used. When the trigger

ispressed, the spring causesthe firingpin to hit the percussion cap (8) —
a copper shell covering the bottom of the cartridge — with enormous force.

SE

The cap contains a primer — mercury fulminate. This substance explodes

easily on impact and provides the spark necessary to ignite the gunpowder.

The resulting gasespush both the bullet and its paper cartridge casing through

the rifle.The spiral grooves, or rifling, cause the bullet to spin. This ensures

higher accuracy and a longer range.
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Topreventthepaper cartridgesfromgettingdamp
and becomingdifficultto ignite,diptheminparaffin
wax (page84).
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AUTOMATIC WEAPONS

The breechblock (9) is held under tension by a return spring (10). When fired,

combustion gases enter the gas outlet and put pressure on the gas piston (11).

This, in turn, presses on the catch. The bolt is released, and the pressure from

the combustion gas pushes it back into its initial position. This cocks the firing

mechanism, ejects the spent cartridge case and compressesthe return spring,
simultaneouslyloading a new cartridge from the magazine.

{263 }



tank is a mobile fortress that can traverse any terrain,

overcome obstacles,ensure the safetyof your personnel
and also fire on enemy forces. This armored vehicle has

such a menacing appearance that it may simply scare some of your

enemies away.

TOWER

Use a gyroscope (page 172) to maintain the gun's tilt angle and sight precision.
Evenas the tank rolls over rough terrain, the gyroscope willhelp keep your

aim accurate.The turret is aremovablepart of the structure, so the tank
can be used not only as a weapon but also for more peaceful activities.

TREADS

Byusing treads, tanks essentially carry their own road with them. They increase

the area of contact with the ground so they don't sink into the mud and help

you get over obstacles such as ditches: A long enough tread will touch the other
side of the ditch before the tank starts to fall through. Treads are also perfect

for diggers or other heavy vehicles on a construction site or quarry.

Treads are composed of many links connected at pivot points using steel pins
and locking washers to form a long loop. The tracks must have protrusions

at the bottom to provide traction.

MILITARY

The engine (12) powers the transmission and rotates the drive wheels (13),

which pull the tread (14) backward, propelling the tank forward. If both treads

move at the same speed, the tank moves straight. If one side is moving slower,

the tank will start to turn towards the slower side.



MILITARY TANK

& ARMOR
Reinforce the hull with steel sheet armor. Youcan increase protection
by adding layers of aluminum, which has a high density and is good at slowing

down incoming projectiles, as well as projectile casingsusing sand and ceramic

balls. For additional protection, install hinged screens with plates at an angle

to the projectile trajectory.The smallerthe angle,the less damageyou sustain.
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1. Entrance hatch 6. Gun elevatinggear 11. Gear lever
2. Periscope 7. Projectiletransporter 12. Engine
3. Combined additional armor 8. Ammunition complement 13. Drive wheels

4. Turret with 360-degree rotation 9. Radio station 14. Treads

§. Long-range weapon 10. Surveillance devices
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he force of firearmsis limited by the expansion of the gases Not a more powerful explosivebut a completely different form of energy.

produced when they combust. Therefore,in order to lead Remember that it’sbetter to use energy for peaceful purposes, but if peace

the “artilleryrevolution’,you're going to need a new technology. is not an option, address the situation through your coilgun.

To give your weapon the power it needs to be effective, you need tofortify the base structure.

But then how do you make such a bulky machine mobile? Place it on railroad tracks and

distribute the necessary pieces across several cars: the cannon on one car, the power source

on another and the control station bringing up the rear.

A stabilizeronthetail endoftheprojectile
willhelpdirectitsflightpath.

Use electromagneticenergyto launch the projectile.Thegun consistsof several The current runs through each magnet successivelyand is dumped from
coilswithwoundcopperwire(1), abarrel(2) madeofanon-orminimally the capacitor(3) to the wire (1), propellingthe projectile(4). Theshorter
conductivematerial— forexample,ceramic(page136)— anda robustpower and morepowerfulthe generatedimpulse,the fasterit goes.Theprojectile
source(3).Anelectriccurrentisrun throughthe coil,creatingamagneticfield must be madeofa ferromagneticmaterial,suchassteel(page 110).
and drawingthe projectileinto the barrel.To achievethe necessarylaunchspeed,

you must use a stepped accelerationsysteminvolvingseveralelectromagnets
liningthe lengthofthebarrel.



MILITARY COILGUN
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SUPERCAPACITOR
Coilgunsrequirea powersupplythat is robust and rapidly-discharging—

a supercapacitor.For energystorage,it isbest to use high-capacity
electrostaticcapacitors.Theyare capableof accumulatinga largeelectric

chargeand producea largecurrentwhen discharged.

A capacitor is a relativelysimple device to manufacture. Place two electrodes

consisting of metal plates inside the casing (1) and fillthe space between

them with a layer of dielectric material (2) as an insulator, such as rubber

or resin(page116).
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EVERYDAYLIFE

volution has given humans a rather intricate mechanism for measuring

time that helps them know when to fallasleep and wake up — their
circadian rhythms.Just like height or shoe size,everyone'srhythm

is unique to their body. But when lifegets in the way,with red-eye flights

and latenightsworkingto changethe world, the systemcan malfunction.
You have to reboot your biological clock with the help of amechanical one.

Water Alarm Clock

Findfourvessels.Arrangethefirsttwo
so that waterflowsfrom theuppervesselinto
the lower.Bychangingthevolumeofthe lowervessel
and the rate offlow ofthe liquid,you can adjust

Combine shredded sandalwood or agarwood with other fragrances, such thetimeit takesforthevesseltofill When;
as incense, patchouli, clovesor camphor (page 200). Add water and other aes pies ine Gesecondpe Bae,

: thewaterwillquicklyflowthrougha thintube :
ingredients to regulate the burning rate: clayslows it down and rubber tree intothethirdvessel,whichisentirelyclosed

sap (page 116) speeds it up. Shape the resulting paste into a spiral shape exceptfor a smallhole.Aswaterrushesin,
ona flat, fireproof surface and attach a wick to the outer edge. Increase it displacestheair,forcingit outthrough
or decrease the size of the spiral so that it burns out at precisely the time you se smal Tideid Presi 6mietenaie

; Justmakesureyouwakeupbeforethewaterwant to wake up. Once the spiral burns out completely, it will ignite the wick completelyfillsthethirdvesselandbegins
on the other end, triggering the alarm mechanism attached to it. toflowintothefourth...
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EVERYDAYLLIFE ALARMCLOCK

Noise

Sharp,shrillor suddennoisescausethe brain tojump intoaction.Thesesorts
ofsoundscanbeproducedbya ballattachedto a releaseropefallingintoa glass
or metalcontainer.Theharshand unpleasantsoundisperceivedas an alarm
signalingdanger.Therefore,if youwanta moresoothingstart to theday,choose
softerand moreharmonioussounds,

Light

Whenexposedto darkness,the bodyproducesthesleephormonemelatonin.
Therefore,to interruptthisproductionprocess,and consequentlyproduce
a wakefulstate,simplyturn ona lightbulb.Automatethisprocesswith thehelp
of astringand an aromaticcandle.

i i iMNt

Motivation

Useyour weaknessestoyour advantage.
If thesmellofyourfavorite coffeedoesn’t
rouseyoufrom your slumber,maybe
thethreat oflostmoneyor discomfort
of an icycoldshowerwill compelyou
tojump out ofbed.
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here are billions of microorganisms living in human mouths.

Microorganismspresent in the oral cavityforma layerof bacteria
on oral surfaces. Decay-causing bacteria in your mouth make acids

that attack the tooth's surface, or enamel.

TOOTHPASTE

All you need to make toothpaste is a liquid and a powder.

The abrasive particles of the powder scrub awaystains

and plaque on your teeth, while the liquid gives

the toothpaste a smooth texture. You can use chalk,

salt, soda or a mixture of them as a powder. Chewing

on such things, however,offersa less-than-pleasant

taste.Youneedto use someflavoringagents.

Flavoring
Tobrushyour teethwithpleasure,usean herbal
decoctioninsteadofwater.Thereare natural
ingredientssuchas honey,propolis,chamomile,
oak bark and aloeveraextractthat havenatural
antimicrobialand anti-inflammatoryproperties.
Useyourfavoriteflavors:maybesomecocoa
powder,a pinchofhotpepperorground
mint leaves?

EVERYDAYLIFE

You can lose your teeth because of it, but this is only the beginning. Over time,

a knock-on effect allows these bacteria to infect other organs. Routine dental

hygiene practices can eliminate these bacteria; thus, it is essential to brush

teeth at least twice daily.

Rinsing your mouth

Youshouldbrushyour teethright
afteryoueat.If thisisnotpossible,

at leastrinseyourmouthwith
an herbal tincture or water with

a drop of essential oil. As plaque

thickens and matures over time,

it becomes harder to remove.

Everymorningand evening,brush
your teethfor at leasttwominutes.

Thetoothpastesubstancesthat
strengthentheenamelstart working

afteronlya coupleofminutes.



EVERYDAY LIFE TOOTHBRUSHING

TOOTHBRUSH

A bristle toothbrush consisting of hog bristles quickly removes plaque from The natural bristles have a small cavity inside that holds moisture. Over

your teeth. That's handy but not safe; over time, these bristles can damage time, microorganisms inhabit this cavity, and with each use, they move into

tooth enamel. Horse-hair bristles are softer. Marine sponges are perfectly stiff the mouth. Therefore, you should change your natural-bristle toothbrush

but harder to attach to a handle. very frequently.

MECHANICAL BRUSH

‘Thisis a toothbrush that makes rapid, automatic brushing motions,
either back-and-forth oscillation or rotation oscillation, in order

to clean teeth. This means that the brush head alternates in both

a clockwise and counterclockwise rotation. Awinding mechanism

is needed to make the movement smooth.

The coiled steel spring (page 40) is attached at one end

to the brush head and at the other to the winding axle.

When the key is wound, the spring will wind tighter

on the axle, storing mechanical energy. When the spring

unwinds, the winding axle will begin to rotate and drive

the pinion. From it, the rotation is transmitted

to the axle on which the bristle head is attached.

When the spring is fully unwound, the brush

will stop. You can adjust the length of the spring

and the speed at which it springs up and down

so that it spins for at least two minutes.

Toothbrush alternatives
A natural toothbrushfrom theArak tree(Salvadorapersica)

a habityou enjoy.Carve a decorativehandle out is easyto useand replace.Just chewthe end ofa twigor root.
ofanimal boneor wood.Itfeelsso invitingto touch Thefibers willturn into a brush that willcleanyour teeth.
warm wood.Youcan carvepatterns on the handle If thereisnoArak treearound, try tofind a twigofany other
or embedgemstones. non-poisonousfibrousplant.

The stylish accessory
Abeautifulformhelpsmakebrushingyourteeth



Bh aeREFRIGERATOR EVERYDAY LIFE

hen faced with the problem of food

spoilage,placing food in a box with
ice seems like a logical solution.

But there's an even more clever option — you

can draw the heat from the food and pump

it out. Invent the heat pump and you can

build a refrigerator. It will keep food fresh

for longer, cool your drinks and warm

you with the knowledge that there's always

a good meal waiting at home.

Refrigeratorsworkbypumpingheatfrom
theinsideandreleasingit ontheoutside.
‘Thisisaccomplishedbyaspecialdeviceknown
asaheatpump.

One of the simplest versions is based on evaporating ammonia. |

When ammonia evaporates, a large amount of heat is absorbed,

and during the reverse process of condensation, when it

is transformed back into a liquid, this heat is released.



EVERYDAY LIFE

OBTAINING AMMONIA

You'llneed a source of urea — urine collected from the sewage
system (page 156) — and quicklime,produced by roasting

limestone in a kiln.Add crushed soybeans or peeled watermelon
seeds.They contain urease, a special enzyme that is a catalyst
for the decomposition of urea into ammonia and carbon dioxide.

Heat this mixture in a flask (1) and pass the released gas through

a container with quicklime (2) to remove the water vapor and

carbon dioxide.

Direct the purified ammonia into a container with distilled

water (3) chilled to ice cold. (To do this, you can place this

container in a larger vessel filled with ice water.) Blow the gas

through the water until no more dissolves. Ammonia is highly

soluble in water at low temperatures and releases a lot of heat,

so be sure to add fresh ice to cool it down. Keep this solution

at a low temperature or the ammonia will evaporate. Handle

with care — ammonia is poisonous!

REFRIGERATION DEVICE

Cool the hot side (5) by placingit in a container of water.When it cools
down to ambient temperature, the heat pump is charged and the refrigeration

mechanism is ready for use. So how exactly does it work? The liquid ammonia

in the cold ball (4) absorbs a lot of heat as it evaporates, effectively removing

the heat from anything placed near it. The gaseous ammonia transfers this heat

outside, where it condenses and moves back to the hot side (5). In turn, heat

is transferred from this ball to the surrounding air.

Makea refrigerator by inserting a heat pump into an insulated box witha lid.

Youcan use a material like sheep felt (page 120) as an insulating material.

Keep in mind that the ammonia evaporation process takes up to 36 hours.

During this time, the gaseous ammonia will move back into the hot side
and dissolve in the water.

REFRIGERATOR

HEAT PUMP

The heat pump consists of two spherical

metal containers (4, 5) connected by a strong

steelpipe (6) and a siphon valve(7). Heat

willbe pumped between them, firstin one
direction during the chargingstep then
in the other while operating. Fill one container

with the previously obtained saturated

solution of ammonia in water. Then seal

the containers tightly.

Heat the ball containing ammonia (5) and place

the second ball (4) in a container of cold water.

When heated, the gas dissolved in water begins

to evaporate, moves through the tube (6) into

the cold ball (4) and condenses into liquid

ammonia. The siphon valve (7) allowsammonia

to pass through but prevents water from entering

the tube. Youshould heat the ammonia ball
over a small flame for 1.5—2 hours.
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inally,technology that does more than help Household appliancesare likeplaysets for adults —

Ff you explorenew lands and terrify your once you've createda fewprototypes, you can add

enemies!Now you can use it to whip up new detailsand functions or evencombine them
a cup of tea, asandwich or a waffle. to make multi-use tools that will simplify your life.

FOOD PROCESSOR

Cast the hollow body (1) from iron. Or mold two
symmetricalpiecesusinga hydraulicpress (page 238),
and then weld them together (page 142).

Meat, vegetablesor fruits placed in the intake opening (2)

are captured by a rotating screwshaft (3). The shaft,which
is driven by the handle (4), pushes the material inside
the combine while crushing it into smaller pieces.
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As the crushed material moves further inside the machine, it approaches Youcan adjust the thickness of the cut by changing the depth and shape

the scoringknife (5), a small four-bladed piece that grinds the pieces even of the slots in the cylinder,which can be made using a millingmachine
smaller.Then the food is forced through a grate (6), making the grind even (page 144). The food processor must be securelyattached to the work surface.

finer.To transform the grinder into a grater, allyou need to do is remove To do this, you'll need to attach a footplate (8) to the body of the meat grinder,

the screwshaft, cutting knife and grate from the body and fixa specialmetal which will sit on the surface of the table.Attached to the footplate is amovable

nozzle (7). element with a clamp (9), which secures the food processor to the table and
should be made from a durable material.

{276 |



EVERYDAY LIFE KITCHEN APPLIANCES

HEATING ELEMENT

To heat your food, you'll need thermal energy, which can be generated Aside from having high electrical resistance, which causes the element to heat

by an electric current. For your foundation, use a wire or tape made of metal up, these alloys also form a surface layer of chromium oxide the first time they

alloys that has high resistance and can withstand high temperatures for are heated, protecting the surface from further oxidation. It’sbest if you enclose

along time. An alloyof nickeland chromium (in an approximateratio of4:1) the heating element for safetyand durability.
fortifiedwith manganese,silicon, iron or aluminum (page 110)

is the optimal choice.

(CUTTY Se

Do this by hermetically sealing

and insulatingthe heating element.

Many different devices can be made using

this heating element as a base. Just make

Place the coil in a brass or stainless

steel tube (page 240) and fill the tube

with quartz sand. Carefully insulate

the ends of the tube.

an appropriate casing and add extra details,

such asa grate for a grill, a door for a toaster

oven ora diffuser for a space heater. During
the design process, you can come up with

different devices for maintaining a constant

Connect the heating element to an electric temperature — for example, a thermal

regulator that breaks the electrical circuit

when the temperature gets,too high.

current using a solid brass rod as a contact pin.

Now you have a unique device to convert

electrical energy into heat!

For the thermal regulator, use a bimetallic plate When an electric current passes through the circuit, | When the plate cools down, it again closes

soldered from metals with different thermal the plate heats up and lengthens. The copper part the contact, turning on the device. With this

conductivity, such as iron and copper. One end of the plate lengthens more than the iron part, element, you can create toasters, electric stovetops

of the plate must be fixed within a holder inside causing the plate to bend and move away from or electric kettles. And with a little know-how, you

the device, and the other is left free but used the contact, breaking the circuit and switching can create other devices to simplify your life, such

to close the power supply circuit. the device off. as the plumbus.
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fyou've started to feel the need to clean and press your clothing,

congratulations— your civilizationis advancing.Butyou can go even
further. Lest the arduous task of hand washing and ironing clothes distract

you from the more pressing work involved in rebuilding civilization, entrust

the task to household appliances.

Detergentdrawer
Heatingelement
Controlpanel
Thermostat
Pressure sensor

Watersupplyhose
Spinninglaundrydrum
Drainhose
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Makea spinningbasin with ribs running verticallyup the inside surface.

As the drum rotates, these ribs willhold the laundry in placeas it is pressed up

againstthe wallof the tub. Once it reaches the highest point, the laundry falls,

smackingagainstthe bottom of the laundry basin.Thismechanicalforce is more
effectivethan rubbing by hand. When the drum rotates at speeds higher than

400 rpm (revolutionsper minute), centrifugalforcewrings the laundry out.

The more revolutions, the drier the laundry will be. The drum rotation drive
can be based on muscular, mechanical or electrical energy.
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EVERYDAYLIFE

STEAM GENERATOR

Waterbreaksthe hydrogenbonds that hold together the cellulosechains
in cotton or linen. Once the material dries, the bonds reform in other places.

This is how wrinkles appear. A little steam will set everything right. Use

a hose (2) to connect a steam generator (1) to your iron. Once the water

starts boiling, the pressure will push the steam into the iron cavity.

CLOTHING CARE

Steam is the most important element of the iron. When you press the lever (3)

located on the handle, the valve opens and a powerful jet of high-pressure

steam runs from the hose into the cavity of the iron and escapes through

holes in the soleplate (4). The heavier the iron, the more effective it will be.

Cast iron is an ideal choice.

HEATING ELEMENT

The heating element (5) will heat the soleplate (4).

Pour alcohol into the reservoir and ignite (6).
As it burns, it will heat the coil (7) in the body,
thereby gradually raising the temperature

of the soleplate. The valve (8) located

on the supply hose allows you to regulate
the rate of flow of the alcohol to increase

or decrease the temperature.

App
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f you're now puzzlingover the problem of how to provide work clothes
for an entire community, there is agood solution — jeans. They canI

step that improves durability.
be produced quicklyand can last for decades. Each stagehas a secret

EVERYDAYLIFE

Denim is made from cotton (page 120). Twist severalthreads together

to increase the tensile strength. It's easier to dye individual yarns rather than
the dense finished product. Dye the yarn using indigo.

DYE

Indigo can be obtained from the leavesof indigofera(legume family),or from
dyer'swoad (crucifersfamily).Soakthe leavesin water and let them ferment

for a coupleofweeks.Mixlye (page 24) into the resultingconcoction,press

it, dehydrate it and grind it into a powder. Dissolve it in a mix of water and
sulfuric acid.

FABRIC

A twill weavewill imbue your fabricwith strength and beauty.Use 3 blue
threads (longitudinal) and 1white (transverse). Thisweaveproduces
a denser material that will protect the fabric from damage and dirt.

Don't be alarmed: The solution will be yellow, but the filaments will turn blue

when exposed to oxygen. Dip the threads into the solution then wring them

out. Repeat the cycle 7-10 times. Afterwards, treat the threads with cornstarch

to make the fabric stiffer.
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CUTTING AND SEWING

In one fell swoop, you can make pants for your entire workforce. The secret

is in the cutting.Stack 100layersof fabrictogether and place the paper patterns

on top. Ajigsawcutter willhelp you slicethrough all the layersat once. In just
a few strokes, you'll have the pieces for 100 pairs of jeans. Agreat time saver!

All that's left is to sew the pieces together. Double up the stitches on the seams

to make the pants sturdier. This protects the fabric from wear and tear.



EVERYDAY LIFE JEANS & ZIPPER

ZIPPER

Make the fittings for your jeans out of metal.

Thisway,the pants will last longer. Azipper is
tricky and time-consuming to make but wellworth

the effort. Fasten staggered metal prongs along two

strips of ribbon. The shape of the prongs must be

asymmetrical, with a ledge on one side and

a groove on the other. They should overlap
when aligned. Hooks can be made from flat wire.

The zipper runner connects the two ribbons

by meshing the prongs together so that they

interlockwith each other.

on
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BOLT AND RIVET

It is easier and faster to make jeans with rivets.

For thick, coarse fabric, such fittings are more

suitable than the usual buttons. A rivet consists

of a shank that bursts through the fabric and

a cap that covers it. One blow of the hammer

and the shank is in place. A second blow secures

the cap. The rivet is the most important element.

Metal rivets are what make the jeans strong and

durable, as they reinforce all the key places.

Thanks to the rivets, the pockets are able to bear

the weight of work tools.



he olfactory system in the brain is cross-connected with areas Use aromas as your allies, because it's arare person who doesn't have

associated with memories and emotions. The soothing scent a sense of smell. And if you had it and recently lost it, you should probably

of lavender will help you fall asleep, while just a whiff of fresh see a doctor.
coffee in the morning can raise the dead.

Enfleurage 1 Percolation

Enfleurageisa processthat usesfats to capturethefragrant compounds 3 ‘Theplant materialissoakedin alcohol
exudedbyplants.Rawmaterials(for example,flowerpetals)areplaced *) untilthearomaticelementsare infused.
ona glassframewithclarifiedbeeffat or ona clothsoakedinoliveoil.
Assoonas thepetals wilt,replacethemwithnewones.Afterabout amonth,
thefat willbesaturated withthefragrance.Now,you mustdissolveit
in alcoholand isolatetheessentialoil.Thisprocessrequiresthat thecontainer
beshakenfor a longperiod oftime,butyou canplace thecontainers
on vibratingplatformsconnectedto a motorto maketheworkeasier.

lf} Thisextractionmethodallowsyou toobtain
i _ essentialoilsfrom the“dead”part ofplants;

for example,from therootoftheirisplant.

Tomakethearomasmoresaturatedand long-
lasting,youneedambergris— a graywax-like
substanceformedin thestomachofsperm
whales.Afterdecadesofsittinginthewhale’s
stomachas it wandersthesea,theambergris
acquiresa sweet,muskysmellthat isalmost
imperceptiblein thefinalperfume.

Pressing Distillation
Coldpressingisgreatfor extractingoilfrompeels.Takethepeelofan orange,lime
orgrapefruit,add a littlewaterandplace it underthepress.Youcanalsousethecrushed
Sruitalongwiththepulp.Let the resultingliquidsettleso that theoil risesto thesurface,
Skimthisoilfrom the top and storeit in a sealedglassflask.

Distillationuseswatervaporto obtaincertainessentialoils(for example,rose,geranium,mint
orcorianderoils).Theexactsameprocessisusedto makemoonshine(,‘page117). Theraw
materialisimmersedin nearlyboilingwateror heatedwithsteam.Essentialoilmoleculesmix
withthesteamand risethroughthe tubeintothecoolingtank. There,theyonceagaincondense
intoa liquid,and thewaterand oilseparatedueto theirdifferentboilingpoints.
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EVERYDAYLIFE PERFUME

“INCENSE

Aromas can be used not just on the body but in the home. Make incense —

a perfume for your room. Incense createsan atmosphere and can help you
focus on havinga productive day or fallasleepmore quickly.Grind solid

aromatic compounds into a fine powder and mix with a combustible base.

Thiswillbind the aromaticingredientstogether and allowthe incense
to smolder evenly. Ground sandalwood makes an excellent base, as well

as cedar, pine and juniper. As a binding element, use a natural water-soluble

glue such as gum arabic (acaciaresin).Add 10%of the total weight

insaltpeter(page124).

For high-qualityincense,useat leastonearomaticresinin everyrecipe.
Somegoodcandidatesarefrankincense(the resinoftreesin thegenusBoswellia)
and myrrh(the resinoftreesin thegenusCommiphora).Coat thinsticks
in themixtureorform thepaste intotheshapeofa cone,let it dryand igniteit!

ULTRASONIC MECHANICAL HUMIDIFIER

You can fillyour home with fragrance with an ultrasonic mechanical

humidifier. The device will spray tiny particles of water and oil around

the room. Here’s how it works: Water is fed into a chamber with an ultrasonic

emitter that turns it into a fine mist that is then distributed around the room.

The emitter can be a curved metal plate (1) that vibrates at a very high

frequency upon impact, propelling microscopic water droplets into the air.

The pins (2) attached to the shaft hit the plate, setting it in motion. The intake

pipe (3) draws in air. Inside the device, this air is saturated with the tiny

droplets of water and oil then pumped back into the room (4). All you need

is some sort of energy source — for example, a battery (page 192) connected

to a motor.

Thearomasofthesurroundingenvironmenthaveaphysiologicaleffectonpeople.Theycan
increaseor decreasetheheartbeat,calmor excite,changemoodsand evenincreasecognitive
abilities.Orangeisa soothingscent,goodfor waitingroomsin dentistoffices.And minthelps
youconcentrateand makefewermistakeswhencompletinga task.
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nyentors are generally searching for the best way to make their creations But with locks, the situation is somewhat different. The more clever and

easilyaccessible and to optimize the production process, The simpler

the structure and the fewer unnecessary details, the cheaper it will be

to replicate.

PIN TUMBLER LOCK

Mount the lock case into the door. The secret of the locking

mechanism is in the pairs of metallic pins (1, 2). The pins

are spring-loaded (3). When the proper key is stuck into the lock,

the teeth (4) of the key push the lower row of pins up so that

the gapbetween the two rowsofpins comesinto perfect

alignment,allowingthe plug (5) to rotate. If the teeth of the key
don’talignperfectly,the pins willblock the plug from turning.

You can also make a lock that seizes up when someone tries

to break or pick it. For example, use glass rods to hold

the springs of the pin mechanism in a compressed state.

Any impact or attempt to drill or cut through the lock

willshatter the glassrods, releasingthe pins and permanently
blockingthe keyhole.

complicated the mechanism and the more “unnecessary” details it employs,

the harder it will be for criminals to crack it.

PADLOCK

Apin lockwitha hingedshackle(6). When the keyalignswith the pins (7),
the posts lowerandreleasethe cylinder(8), whichisholdingthe spring(9)
under tension.Thisopensthe latch,releasingthe shackle(6).

D4 C ie.
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COMBINATION LOCK

Youcan even make locks that don’t require keysat all.Instead, they use
a series of rotating metal discs inscribed with symbols on the outside and

notches on the inside. The cylinder with the keyhole contains spikes that

hook into the rotating discs. When the notches in the discs align with

the teeth on the pin, the lock can be opened. The more discs there are,

the more secure the lock will be.

ex



EVERYDAY LIFE LOCK & KEY

SAFE LOCK

The correct code is entered using a rotary dial knob with notches and

numerical markings (1) around the outside. Mounted on a pin (2) inside

the lock case is a piece known as the “lever” — a spring-loaded hook arm

connected on one side to the bolt. Behind that are several stacked discs (4)

that share a single axis of rotation (5). Each disc has a notch (6) and

is constructed in such a way that when the correct three-number sequence

is input, the notches align, allowing the hook of the lever (3) to slide into

the groove made by all three notches. As you rotate the dial again, the lever

catches on the groove, pulling the bolt to one side and unlocking the door.

To open the safe, turn the dial clockwise to the first number to slide

the notch on the first disc (I) into place.

Now spin the dial counterclockwise once all the way around past zero to reset,

and then to the second number in the sequence (II), which then allows you

to move the lever and slide the bolt back. Combine several types of locks

(padlock, tumbler, combination). The more complex the combination,

the more secure your possessions will be.
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hat is man’sfirst impulse after inventing the spear and hunting Making a pen or pencil is relativelyeasy,and they'll serveyou well

his firstmammoth? To commemorate the victory by carefully until the first electronic keyboards hit the market. And in some more
sketching a depiction of the battle on the walls of their cave. bureaucratically inclined societies,pens serve a more ritualistic purpose.

As civilizationdevelops,writing utensils quicklyfollowsuit.

Graphite, which can be used in its natural
form, is the base of the pencil. Ifyou don’t happen

to have a vein of graphite nearby,you can create
thin twigs of charcoal.Youcan also usea length

of lead wire (as long asyou're not in the habit

ofbitingyourpencils). :
.:|.

4
Put the resultingpaste through a mincerwith a smallhole
diameter. Now you must dry the paste and fire it in a kiln.

In this step, the starch is burned out, forming pores in the

lead. To make the pencil glide more smoothly, dip soft leads

in hot grease and hard ones in wax.

The amount of clayyou add determines the degree of hardness

of the pencil lead. Want to paint the world in color? Use white

clayand dye for the lead.

a

Combine your powdered graphite, clayand water.Mix until
it reaches ahomogeneous consistency.Add some sort ofbinder,
for example,dextrin — carbohydratesproduced by the hydrolysis
of starch (page 54).

[286}



EVERYDAYLIFE Bese ae Piss PEN & PENCIL

PEN INK

Make a paper template of your desired nib shape (experiment with different If you liveby the sea, sliceopen a cuttlefishfor an instant inkpot. Ifyou don’t

types and sizesto get the preferred line thickness) and transfer it onto a sheet have molluscs on hand, you can mix soot and vegetableoil in a 1:1.5ratio.
ofiron. Cut out the pattern, heat, and then shape around the body of the nib.

Grind the tip down with emery until you're left with the desired shape. Cut

a slot for the ink to flow through. The ink saturation depends on the length and

width of this slot. By the way, you can solder a slotted metallic ball to the pen tip

to ensure a smooth stroke.

Nib

Feed

. Air channel

. Ink transferchannel

. Bufferbetweeninkreservoirand tip
(a certainamountofink isheldhere
topreventoverflow)

. Ink reservoir

. Clipfor hangingonyourshirtpocket
Cap

APwn=
ona

Gather someinkcapmushrooms,whichgrowon manure,
and allowthemto rot.Filterthe resultingliquidthen add
a binderand cloves.Ifyou mix thissolutionwith ordinary
ink,you'll be leftwith a meansofprotectingimportant
documents:Afterdrying, thesporesform a uniquepattern
that can beusedtoprove itsauthenticity.

Therearealsoplant-basedalternatives:Takea gall,or “oakapple,”
whichgrowson the leavesof the oak tree.Grind it up and boilfor a couple
ofhoursor coverwithwaterand leaveto infusefor severaldays.Add a solution
offerroussulfate(obtainedbydippingrustynailsin vinegar)to thecooled
solution.Thickenthe mixturewithcherrytreeresinorglue(page140). Youcan
alsousethe tanninsin tea leaves(page64) or an extractofdyer’smadder root.
Addgingeror cloveto makesurethe inkkeepsfor severalyears.

Topreventthehandlefrom leaking,you needafeeder.Thisisa specially
shapedsleevehiddenunderthenib.On top,thereare oneor twocapillary
channelsthroughwhichinkflowsto thepen.Feedchannelsact as a sort
ofbuffer,allowingexcessinkto accumulate.

For increased secrecy, write with lemon juice or milk.

The highlight of this “ink” is that it's not normally visible.

Only heat will reveal the secret message.
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aper keeps a chronicle of the past and present, as well

P as visions of the future — both possible and impossible.

These XX pages hold the sum total of our ideas and

knowledge, from harebrained to genius. Add some of your

own right now — this blank sheet is for you. And, in fact,

it’sno longer blank.

PAPER MAKING

You'll need spruce, pine or birch wood, as these trees contain

the longest fibers.Removethe branches and bark from the logs (1)

and use them to kindle a fireunderneath a cauldron fullofwater.
Place the prepared log on top. The steam will soften the wood (2),

makingit easierto pulp. Cut the wood into smallchips and add
an alkalisolution of sodium hydroxide (page 24) to the mix. Bring

to a boil and stir for at least 4hours (3). The alkaline solution
will eat away at the wood chips, transforming them into wood

pulp, which can then be used to make brown paper.

Ifyou need white paper, start by soakingit in a sodium hypochlorite solution. Wash anyremaining chemicalsout of the white woolysubstance youre leftwith
‘Thiscan be obtained by passingan electric current through table salt using (5). Top offwith more water until you reacha gruel-likeconsistency.Immerse

platinum electrodes.One side releaseschlorine,which reactswith sodium a wooden framewith a fine mesh into the mixture and scoop up some paper

hydroxideformed near the other electrode, synthesizingthe bleachingagent pulp. Spread it into a thin layerand wait for the water to drain (6). Then lay

sodium hypochlorite. Then rinsewith a solution of sodium hydroxide, the pulpy mass on a square of felt and coverwith another layerof felt (7).
or caustic soda, and let stand (4). Repeat the process, giving the paper Place in a press to squeeze out excess water and bond the fibers together.

another bleach and causticsoda bath. Carefullyremove the sheet and let dry (8). Yourpaper is ready!

(288 } q
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ife is like a chess match: every step you take

has consequences. If you want to avoid

the unintended ones, use protection.

Glass,latexand cornstarch: three little ingredients

that can help you solvea variety of problems.

The quality assurance for this kind ofproduct

must be at the highest level— just a single tear

or puncture has the potential to change
someone's lifedrastically.

1. Glassforms givethe future condoms their shape.Theymove

one afterthe other along the conveyorbelt and are washed
and dried usinga rotating brush aftereachproduction cycle.

2. Use latex (page 116), the concentrated milky sap of the rubber

tree, as your base material. This produces condoms that are

impermeable, strong, thin and durable. The liquid latex is mixed

in huge vats into which the glass molds are dipped. The latex

must be kept at aconstant temperature of 25°C so that the water

doesn’t evaporate, causing the material to delaminate.
3. After dipping, the latex must be well dried in a stream of cold air.

4. Once this firstlayeris dry,the molds are redipped and dried

again.Thisextralayerfortifiesthe condom while keeping it
relativelythin.

5. Arotating brush then rollsup the end of the latex,forming a rim

around the opening. Later,it willbe used to roll the condom

into a flatdisc for packaging(which can then be unpackaged

at the proper moment and appliedby rollingback down).
6. Now,the condom must undergo a 10-minutevulcanization

process(page 116) — aheat treatment designedto give

elasticityand durabilityto the finalproduct.
7. You can also remove the condom from the mold using a strong

stream of water.

8. The flat, rolled condom must then be rolled in a fine powder

such as cornstarch. Thiswill protect the latexfrom sticking

to itself or your skin.But when it’sbeing used, the condom

should be slightlydamp. Hence, you'll need to apply lubricant.

Do not use oil-based lubricants, as they’ll destroy latex.

Water-based or silicone-based lubricants will work fine.

f 290 }

QUALITY CONTROL
Every single condom must be checked for punctures. After inflating .

the condom with air, its elasticity and strength are tested. Water or electricity 4

is used to test the condom’ integrity. Fill the condom with water and roll it

over a piece of paper. If there are any leaks, they’ll show up as water spots

on the paper. To test the integrity of the product with electricity, you need

to place a condom between two electrodes and run electricity through it. Since

latexdoes not conduct electricity,even a tiny defect will allowthe current

to pass through,which is instantlydisplayedon the meter reading.



EVERYDAY LIFE CONDOMS

PREGNANCY TEST

During pregnancy, a woman has elevated levels

of a certain hormone — human chorionic

gonadotropin, or HCG — in her blood and

urine. If you don’t have the means of analyzing

the chemical components of blood, there are two

unusual ways to test if awoman is pregnant.

Use a syringe to inject a few drops of the woman's

urine into a female frog. If after a day the frog starts

spawning, then the woman is pregnant. The second

method involvesinjecting urine into a rabbit then

waiting 4 daysbefore dissecting it. Ifthe ovaries

are found to be enlarged,it’shighlylikely

the woman is pregnant.
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uman beings are socialcreatures.They craveconstant
communication even when hundreds of miles apart. If given

the chance to receivemessagesinstantly,they will send thousands

a day.Fortunately,pigeons can't flythat fast.But perhaps this constraint

will inspire people to be more thoughtful in their correspondence

and revive the lost art of letter writing.

SELECTING

YOUR BIRD

Pigeons have the innate ability to find

home from almost any distance, so you

can rest assured that your letter will always reach

its destination. There's a special organ in the bird's

beak that acts as amagnetic compass, allowing it

to navigate. Search for pigeons with massive

beaks — they’re better suited for postal work.

TRAINING YOUR BIRD

Not every pigeon can be a professional postman. You've got to hand select

the brightest,toughestcandidates.They'llneed to start learningthe tools
of the trade as soon as they can fly,at around three weeks old. In the first part

of their training, you should release your pigeons near home and pair newbies

with more experienced flyers.And feed the new trainees as soon as they return

home — this will reinforce their homing instinct.

As soon as the new classgraduates, it's time to playmatchmaker.Pigeons

are very attached to their mates, and ifyour postmen find love along the side
of the road, they may never return. Instead, give them a honey to come home

to and keep the business in the family.
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EXCHANGING LETTERS

Build a dovecote to house your pigeons then take a few over to your neighbor's

house in a basket. Whenever they want to send you a message, all they need

to do is attach a message capsule to the bird’s leg and release it. But this fine

feathered friend has one major flaw: Pigeon post can only be sent one way.

To respond, you'll need one ofyour neighbor’spigeons or another method
of communication,such as the telegraph(page298).

SAFETY MEASURES

Before sending your homing pigeon on its way, you need to feed and water him

so that he doesn’t decide to take an unauthorized lunch break en route. Find

a high, open space to release your pigeon to make it easier for it to find its way.

Just to be sure, send two birds with the same message — there's always a risk

that one of them will be attacked by a predatory bird. This may be a random

act of fate, but if you find your pigeons are disappearing regularly, you might

want to investigate to see if someone has learned how to intercept your envoys

using hawks, merlins or other predatory birds.



ith the invention of the radio, you'll gain the opportunity

to transmit your voice across vast distances without getting tangled

up in wires. It’snot just a way to get a message out or play your

favorite song but also a powerful new tool for influencing the masses.

So ifyou send out a fictitious emergencybroadcast sayingthat alienshave

landed and are threatening a war of the worlds, keep in mind that people

just mightbelieveyou.

LONG-DISTANCE COMMUNICATION

Radio as a means of telecommunication is based on the propagation

of electromagneticwaves.The distance at which they can be received

depends on the power and frequency of the signal.Verylow frequency
radio waves(with wavelengths10-100 km) can diffractaround hills and

followthe curvature of the Earth. Shortwaveradio (wavelengths 10-100 m)

reflectsoffa layerof electricallycharged atoms high in the atmosphere called

the ionosphere and so can also propagate oververy large distances. Other

wavelengthsonlyworkfor line-of-sighttransmissions.

VACUUM TUBE TRANSMITTER

Radio waves can also be used to send voice messages. But this is

a more complex process. You will need to assemble a transmitter using

simpleelectrontubes (1) known as triodes (page 198) and more
powerfultransmittingtriodes (2) that are cooledby air flow.A separate
transformer (S) isneeded to run the heating circuitofmore powerfultriodes.
Themicrophone (3) (page 300) picksup the sound, and the circuiton one

triode amplifiesthis signaland modulates the amplitude ofhigh-frequency

oscillationsalongwith it. Then the overallsignalis amplifiedand fed
to the antenna (4). The transmissionfrequencyis determined

by the inductionofthe coils(7, 8) and the capacitance
of the capacitors(9, 10). Avariableinductor (8) isused

tofine-tunethefrequency(page196).
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RECEIVING RADIO SIGNALS

You'll need a receiver to pick up the radio waves. The heart of the device

is a simple semiconductor diode. It can be made by heating an approximately

equalvolume of sulfurpowder and lead filingsin a strong ceramicor glass
container. The dark gray,sparklymass resultingfrom the chemicalreaction
is known as galena, a crystal of lead sulfide. Attach a metal clamp connected

to an electrical contact (1) and press a needle (2) connected to another

contact to the surface. This is the simplest kind of detector you can make.

Byfindingthe correctposition of the needle on the detector and connecting
a coil (3), two capacitors(4, 5) andheadphones (6) to it, youwillbe able
to receive voice radio transmissions. But what about batteries? You don’t need

them — the receiver is powered by the radio waves it receives.
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ending information across vast distances doesn’t always

require messengers. The invention of the telegraph

will allowyou to do awaywith them entirely

by transmittingmessagesthrough electromagneticwaves. /
Without anyimpenetrablethickets,oceansor highwalls i -) Uh.
holdingyou back,the onlybarriers to communicationthat 1 AYeT tm6.
remain are the interpersonal.

The telegraphis composed of a pair of well-insulatedelectricwires (1).

‘Thecircuit is connected to a powerful electric battery (2) that feeds
two electromagnetic coils (3) at the ends of the line. The operator

at the transmitting end presses a key (4), closingthe electricalcircuit.

When a current flowsthrough the circuit, the coil attracts the iron plate with
the pencil (S) attached, causingit to leaveeither a long or a short mark —
a dash or a dot — on the paper roll (6). Once you encode the alphabet

in dots and dashes, you can transmit any text messages over distances

of hundreds of kilometers.

SPARK-GAP TRANSMITTER

Avoidanywireswhatsoeverby developinga radiotelegraph.Thesimplest
wayto generate a wide range of radio waves is an electric spark. The spark

transmitter is a simple circuit controlled by a key switch (1). This turns
on the power from the batteries (2) of the primary winding of the step-up

coil (3). To make one, wind a thick varnished copper wire around an iron

core. A few dozen turns should suffice. In the same circuit, install an automatic

breaker — a contact that is attracted to the core when the current is activated

and opens the coil power circuit. This breaker turns direct current into a series

of short pulses.

Create a secondary winding (page 196) by twisting a thinner wire around

the same core.Thisone will need to be wound severalthousand times.

This secondarywinding increasesthe voltage to thousands, even tens
of thousands, ofvolts.Thishighvoltagecreatesan electricaldischarge
that bridgesthe gap (4) between two needle-likemetal electrodes,

Connect the groundingwire (5) to one sideof the sparkgap
andthe antenna (6) to the other. Ss i A
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ENCODING A MESSAGE

By encoding the alphabet using a series of long (dash) and short (dot) electrical

signals, any text message can be transmitted and received over distances

of hundreds of kilometers, even with strong radio wave interference.

Take the duration of one dot as a single unit of time. Then the duration

of the dash will be equal to three dots. Take a dot-length pause

to differentiate between each character, a three-dot pause between

letters, and a seven-dot pause between words.

Cz
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You'll need to agree on some standard convention for what series of dots

and dashes will represent each letter, number and punctuation mark. Letters

that are used more often should be given simpler codes. This will make

the messagesyou send more concise. To help you memorize the alphabet and

test the skills of the telegraphers — that is, the people sending and receiving

messages — use pangram phrases containing all the letters of the alphabet.

frm SOMME HHP LLLTLULECULULLTGULL\ Wi

For example, the pangram, “The quick brown foxjumps over the lazydog”

might look like this: - ..... / --.-wr cer [veececeeee Jae ee /

Urgent messages are better encoded using short phrases. For example,distress

signals for ships at sea can be encoded as a short series of characters that
will sound like one word, without pauses between letters: three dots,

three dashes, three dots: ...---...

RADIOTELEGRAPH RECEIVER

The main element of the receivingend of the radiotelegraph is a glasstube

filledwith iron filings(1). On both ends of the tube are metal contacts
connected to the ground (2) and antenna (3), respectively.When a passing

radio waveinducesa voltage in the antenna, the current passingthrough

the tube causesthe dust to clingtogether, and the electricalresistance

drops sharply.

Thisclosesthe circuitthat connects the batteries (4) to the relay(5).

The secondary circuit of the relay turns on an electromagnetic bell (6)

that signalsthe reception of a radio signal.Thebellhammer (7) strikes
the glass tube (1) during the reverse stroke, resetting it to its original state.

At the same time, the bell trill repeats the sequence of signals transmitted

by pressing the transmitter key — or the electrical noise of athunderstorm

raging tens of kilometers away from the receiver. So in addition to the radio

transmitter, you now also have a thunderstorm predictor.
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t can be hard to define the exact moment a new era dawns. But when Telephone wires will wrap around the planet, connecting people through

the first telephone breaks through the silence, you'll know that your a dense network of cables and switches and freeing them from the shackles

world is forever changed. of physical space.At least as far as information exchangegoes. Teleporting

2

solid matter will take some more tinkering.

MICROPHONE 1. Microphone

To send a sound across vast distances, it must first 2. Speaker

be converted into an electrical signal. You'll need 3. Wire

to construct a carbon microphone. Take two sheets 4. Switch lever

of metal, one very thin — around 0.05 mm thick 5. Diaphragm

or less.Sealthem together with a smallspace 6. Contactsheets

between. Fillthis spacewith carbon granules 7. Carbongranules
or graphite (page 286). The thinner plate acts 8. Diaphragm
as amembrane — a thin film that vibrates under 9. Voicecoil

the influence of sound waves. When it bends 10. Permanent magnet

inward, the membrane pushes the carbon

granules closer to one another, and when it bends

outwards, the granules move farther apart.

Thus, the electrical resistance between the two

plates will also fluctuate, changing the current / \ N\)
ain the circuit to which it is connected. Thischange 2

in resistanceis transmitted through the wires PLT
to your conversation partner, where the telephone

receiver will once again convert it into audible

sound waves. But in order to do this, you'll first

need to construct a speaker.

SPEAKER

Construct an electromagnetbywrappinga length When youpickup the receiver,the hook switch (4)
of copper wire around a hunk of iron. Connect this closes the circuit connecting you to the local

toa light voice coil consisting of thin copper wire telephone operator, and a tone will sound —

this is how the switchboard station signals that

a connection has been made. When you place

the phone back on the hook, the circuit is broken

and the connection is interrupted.

(page 196) coated in an equallythin layerof rubber

(page 116). Roll a piece of wax-coveredpaper into

a cone and connect it to the voice coil.When
the audio signalmoves through the voice coil,

the cone vibrates in the constant magnetic field
produced by the electromagnet, emitting sound.
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SWITCHBOARD STATIONS

But how do you connect your phone to all the other people

emaiesticriti

you may ever want to call? You need an expansive network

and intermediary connection points called switchboards.

The telephone network begins at home with your own landline.

A pair of copper wires connects the phone to a thick cable

containing hundreds of wires from other local landlines.

This cable then runs to the switchboard, where the cables

are once again separated, and each is attached to a switch.

The switchboard is a largeboard with many jacks:one for each

landline. Install a small lightbulb above each jack.When someone

picks up the receiveron their phone, the hook switch closes
the circuit and lets current flow through the wires between

your home and the switchboard operator. Wire the small light

bulb into the same circuit so that it is illuminated when

the connection is made. The operator plugs their own microphone

into the line and, after identifying who you would like to talk

to, sends a “ring”signalto the receivingside.When the other
end picks up the line, the operator connects the wires of the two

interlocutors. If you don't feel like paying operators to whittle

away their life connecting phone lines, create automatic

switchingstations.

[ 301}
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he desire to know what others are doing is as old as communication

itself,andpeoplearewillingto doa lot for information,Thecourse
of lives,fortunes, even the destinies of entire countries can be

changed forever by a single message falling into the wrong hands. To make

sure your secrets remain between you and your intended confidant, you'll

need to encrypt them — record the information in some sort of secret way.

The letters of each word can be altered according to an algorithm and replaced

by other letters, numbers or symbols. Youshould learn your encryption

algorithm by heart, as well as the way to decrypt messages, known

as the key.There are endless options for secret codes!

DISC 7

Make two discs of different diameters. Divide each into 24 sections.

Write the alphabet and numbers around the outside edgeof the largerdisc.
On the smaller disc, write the same letters and numbers but in a different order.

This will be the key to the cipher. Connect the disks together in the center

so that the smaller disk rotates relative to the larger one. To encrypt text,

turn the wheel to a certain position and then write your message, replacing

the desired letter on the outer disc with the corresponding letter on the inner

disc. After that, move the inner disk and encrypt the new letter from the new

position. Continue the process until you've completed the entire text.

Now only those who have the same device and information about how

you moved the discs during encryption will be able to read it.

BOOK CIPHER
Take a book to practice. Search through it until you find the first

word of the message you want to encrypt. Record its address:

the page number and the line where this word is located,

as well as its numerical order on the line. Count the lines ignoring

titles. You will get a code consisting of three numbers. Repeat

the procedure with all the words of the encrypted message.
The result will be a sequence of three-number sets, for example:

371,17,3 | 206,4, 9| 390,12,3 | 75,3,6 | 272,25,5 | 140,22, 1
68, 1,8| 359,4,4 | 150,5, 10

WORD

RULER

A plank and string can become a simple device for encryption. Make

a notch (1) for each letter of the alphabet or symbol you wish to encrypt

and make a key indicating which indent stands for which letter. Make

a groove (2) in the center of one end of the plank. Now, fixyour string

in this groove, marking your starting point, and pull it towards the notch

corresponding to the first letter of the encrypted text. Tie a knot where

the thread passes over the notch. Then return the string to the central slot

with this new knot as the starting point and repeat the process with

the remaining letters. When you have finished encryption, remove the thread

with knots from the board — this is your secret message. Whoever receives

the message should have an identical copy of the original encryption board

so that they can use it to “read” the knotted string.

SQUARES

Drawa square with 36 cells.Then divide the field into four equal sections |

and number each from1 to 9. Youshould start by numbering the outer corners j

of the grid and move clockwise.Now mark the numbers from1 to 9 so that

they do not repeat in differentsectors (for example,ifyou write a 2 in the first
zone, then it can no longer be used in other zones). Cut out the squares with

marked numbers — your latticekeyis ready.To encrypt the text,attach thegrid
to a blank sheet of paper and fill in all the slots in order with the letters of your

message. When you run out of holes in one sector, rotate the grate 90 degrees

and continue writing. You can make three such turns. As a result, the entire sheet

of paper will be filled with completely unreadable text. The message can only be

read with a grid. Write down and read characters down from the top and from

left to right.
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ENCODING MACHINE

Thereareseveralinterchangeablerotors (1) —
wheelswith electricalcontactsinterconnected
by gears.Each is divided into 26 parts, one for each

letter (2). Bypressing the keywith the letter (3),

the outer rotor movesby one gear tooth.

The electriccircuitconnected to the battery (4)
closes,and the currentpassesthrough allthe rotors
to the lightbulb with the correspondingletter (5).

Thisisused to encrypt the message.
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Any time the rotor turns, a new chain is formed,

so the same letter typed on the keyboard receives

anew code each time. Once everything is encoded,

you'll get a set of letter codes. They need to be

transmitted by radio to their addressee. The way

the letters are eventually encoded depends

on the initial position of the rotors. Your addressee,

who has the same machine, will put the rotors

in the same position, type in the seemingly

meaningless set of letters received by radio and
receive your decoded message.
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SWITCHBOARD
The switchboard (6) encodes messagesby switchingthe input and output
signalsof the letters.Eachletter has two sockets (7 and 8) connected by awire.
The signalcomingfrom the switchboardpanel is transmitted through the rotor,
passesin turn through all four rotors (I) and enters the reflector (9). Thisfixed

rotor, havingreceivedthe signal,sends it back alonga newpath (11),which
causesanother signaltransformation.Without the plugboard cables,the current

would go from the keypad-controlledswitchesstraight to the input rotor
and then to the code letter light bulb. But using the panel causes the two letters

to swap places before they get to the input rotor. The signal created when you

press the “A”key starts at position A, enters pin K and exits pin G at position

D. So the switchboard further complicates the circuit the encoded letter must

travel, thereby making the encryption more complex.
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fyou want to keep up correspondences, put allyour paperwork in order
and promote the advancement of the sciences, you'll need a faster word

processing machine.

Typewriters allow you to record and proliferate information quickly without

forcing readers to parse out your chicken scratch. You can produce as many

identical copies of adocument as you need, all in neat, readable print.

AAT

Your typewriter doesn’t have to be limited to letters.

You can also make machines that print musical notes,

or even emojis.
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STAMP INK

To print on a typewriter, you need an ink-soaked cloth ribbon. The typewriter

hammers press this ribbon against the paper, leaving an imprint of the letter

behind. Use dextrin as a binder for the ink. Start by baking the starch powder

at 200°C until it begins to brown. Add alcohol, pigment diluted in water

and heated glycerin (it attracts moisture from the air so the tape won't dry

out quickly). Youcan use soot obtained by burning coal as a pigment. Soot
is the powder left behind on the walls of a vessel after burning wood.

305 |

The central part of the machine is the hammers (1) with convex letters (2).

They are made from steel (page 240). Note that the stamps should be a mirror

image of the letter as you look at them so that they print the letter the correct

way on the paper. Each hammer is connected to the corresponding key (3)
by a lever system (4). The lever system allows the hammer to strike the paper

with the desired force, even when you press the key very lightly, so that the ink

will still leave a visible mark.

Each hammer has two letters on it: a lowercase

letter and a capital letter. They are placed one below

the other. You need to move the hammer upa little

to print the uppercase letter. For this, the base _

to which all the hammer levers are attached must

be movable and connected by a system of levers

with a special button on the keyboard. Before the

letter touches the paper, the spool (4) with the ink

soaked ribbon (5) is rotated to a specific angle using

toothed cone gearing. It is lifted up and clamped

between the letter and the paper (6).

The hammer strikes the paper, leaving

a stamp (7). When you lift your finger

from the key,the spring (8) pulls the

hammer back to its original position.

The carriage with the rubber rollers (9)

that holds the paper in place is moved

by a spring (10), a toothed wheel called

an escapement (11) and two levers.

The moment the hammer strikes

the roller, one of the levers slips off

the tooth of the wheel. At the same

time, the next tooth of the stepped

wheel grabs the second lever, which

stops the carriage from printing

the letter. The carriage shifts one space

to the left and is then held in place

again until the next hammer strikes.

Youcan add a systemwitha drivebelt (12). Thedrivewould
do the hammering,allowingthe keysto bepressedwith less
force.It willalso increaseyour typingspeed.
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usic is ahuman phenomenon. There is no need to invent music —

it arises spontaneously with humanity. Wherever you are, music

will be there with you. And you already have your first musical

instrument: your body.Likeany other physicalobject in the universe,

the human body is capableof producing vibrations that propagate through

time and space,producing sound.

THE DIAPHRAGM

AND THE SOUND “ATTACK”

The human voice is a perfect musical instrument. The powerhouse
is the diaphragm, a muscular organ that draws air across your vocal chords.

When you inhale, the muscles of the diaphragm contract, the volume

of the chest increases and the lungs fillwith air.As you exhale,you can engage

your vocal chords to produce a clear sound. Youcan manipulate this sound

by moving your tongue, lips and teeth to change the shape of the resonant

cavity in your mouth or flexyour vocal chords to produce different pitches.

Yourbodycavitiesamplifythesoundsproducedwhensingingandgivethevoicean individual
color,or timbre.Theuppercavities(sinusesand nasalpassages)givethevoiceitssonorous,

“buzzy”quality.Thelowercavities(trachea,bronchialtubesand lungs)givethe voiceitssoft,
strong bass tones.

PITCH

The pitch of a sound is determined by its vibrational

frequency.The size,length, thicknessand elasticity
of the resonant body influencesthe pitch it

produces. The largerthe area of the resonant body,

the longer the wavelengthand the fewervibrations

per second,If two stringsare put under identical

tension but one is shorter, the shorter string
will produce a higher pitch, as it will vibrate faster.

The hertz is a unit of measurement for frequency:

one vibration per second equals 1 Hz. Different

materials produce different characters and tones

of sound, known as the timbre. Our perception

of timbre is simply a feeling. It’swhat we're

describing when we say a sound is soft or harsh,

dull or ringing, etc.

Fixing the pitch of an instrument is what’s known

as tuning. It’simportant to do this to establish

typical intervals between tones on a single

instrument and to synchronize several instruments

or voices with each other. Ahelpful tool is a tuning

fork — an acoustic resonator in the form

of a two-pronged fork with the prongs formed from

a U-shaped bar of elastic metal. This constant pitch

can be used as a base for an entire musical system

(page 340) and to make sure all the instruments

in your orchestra are in tune with each other.

Otherwise, instead of heavenly harmonies, you'll

hear a chaotic cacophony of sounds. You might

need to tighten or loosen the tension ona string

until it matches the pitch of the tuning fork.

Music is the modulation and manipulation of these sounds. They can be

consciouslycreated to conveya certain mood. For the listener, music can be

an emotionally,psychologicallyand spiritually stimulating experience.

THE VOCAL CORDS

The vocal cords (also calledvocal folds) are two bands of smooth muscle

tissue found in the larynx.As air passes over the vocal cords from the lungs,

it vibrates them and produces sound waves.The sizeof the cords determines

the type of voice: People with lowvoices have longer and thicker cords, while
people with high voiceshave shorter ones. When we breathe silently,
the glottis is wide open (A), but when we sing, it narrows as the entrance

to the larynxis coveredby the epiglottis(B).

Allsoundshavean effecton thebody.Eventhoseoutside
ofauditoryrangecanstillbefelt as vibrations.In otherwords,
peopleperceivesoundwiththeentirebody.
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ound needs a source of vibration. And for the sound to ring out loudly

S and clearly,you need resonance, achieved when sound waves reflect

off a surface and are amplified. The jaw harp vibrates and uses

the resonance of the human body to modify the sound. Youbecome
part of the musical instrument!

Anybody or cavitycanbe a resonator.The largesurfaceareaofa resonator
(for example,the body of a musicalinstrument) or the vibrationsof a string

or reed enhance the sound. Resonatorschangethe timbre and often increase
the duration of the sound.

When you pluck the tine of the jaw harp, known as the tongue, it starts
; to vibrate at its natural resonant frequency. Sound waves are emitted from

Meciah ' the tine,and our earsperceivethem asaparticulartone.Bychangingthe length
of the jawharp’stongue,you canchangethe pitch ofthe sound (page326).

e



JAW HARP

Forge the metal components froma corrosion-

resistant alloyand harden them at a high
temperature (page 138). The frame of the jawharp

consistsof a ring (1) and two arms (2), which are

pressed againstthe teeth. Create a notch at the
base of the ring and attach the tongue (3), which

Bend the very tip of the tongue to form the loop

and trigger (4). The gap between the tongue and

arms must remain even along the entire length

of the inner frame — this is vital for the resonance

of the jaw harp. You can weight this part with a thin

plate of the same material from which the tongue

is made.can be made of any flexiblematerial (steel, bamboo,

bronze or brass). The tongue should be thin and

tapered towards the plucking end.

Press the jawharp againstyour teeth but keep your jawslightly

open to allowthe instrument to move and vibrate freely.As you

pluck the triggerwith your fingers,you createvibrations that
are transmitted to the oral cavity, which becomes a resonator.

And since the vibration comes from a solid object touching your

teeth,your skulland bones alsobegin to vibrate.Therefore,
the whole body becomesa resonator.

While the fundamentalpitch remainsthe same,by changing
the shapeof the oral cavity,closingand opening the throat

or raisingand loweringthe tongue,you canproduce higher
or lowersounds, eachrich in overtones.Theseoccur
at frequenciesthat are integermultipleshigher than
the basenote (page340).

Now you are an instrument!

Use the jaw harp asa tool of self-

discovery. Listen to your body and try

to hear how the sound changes as it

resonates through your bones. Relieve

any tension you're holding from your

head down. Once you've relaxed, try

to groove on the vibrations and play

using the natural rhythms ofyour

body — for example,your heartbeat.

When you notice internal changes, try

to determine what rhythms affect

them. The dulcet tones of the jawharp

are not meant to be recorded, as its

magic lies in improvisation. Playing

is akin to meditating or doing breath
exercises(page 348).



usical and biological rhythms are interconnected. Therefore,
music can affect a person's mood. A calm and measured rhythm and courage of warriors on the battlefield and make them act

can subdue the breath and put you in a state of meditation and in unison or suppress the enemy's will, causing chaos in their ranks.

trance; a fast one can set the rhythm of the heartbeat, making you tremble

with joy or shrink with tension or fear.

Thetensionof thedrum'sdiaphragmdeterminesthefrequencyof theoscillation.
Thestrongerthe tensionof thediaphragm,thefaster it vibratesand thehigher
the tonalityof thedrum. Theamplitudeofthe vibrationcharacterizestheenergy,
theforceof thesound,

rata Ty
\LYSGUISCEVETERTTTINT:

THE DRUM

Use hardwood such as elm for

the drum frame. Remove the bark and

the inside of the trunk to get a hollow ring.

The greater the diameter, the lower the sound.

Dry the wood for several years. After priming the surface,

it should be smooth — roughnesses absorb sound.

Make the membrane out of leather. The leather

should be thicker on the side on which it is drummed,

and on the opposite side of the drum, it should be thin

and sensitive to the vibrations being transmitted. By adjusting

the tension of the ropes pulling the diaphragm,

you can change the sound.

One drummer can control a mass ofpeople: strengthen the morale

Carve a pattern
on the insideoftheframe.
Tryto experimentwith
thegeometryofthepattern.
Thehexagonalcellsmake
thesoundmoreresonant.
Thiskindofdrum issuitable
for streetparties.Zigzag
onesgivea softersound.
Usethesein drumsfor
a smallstage.Deep,
elongatedcellsprovide
apowerfulthunder-like
sound.Usethem
in militarydrums.

a
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RHYTHM AND BEAT ;
The rhythm may be defined as the way in which one or more unaccented The pattern of these sequences is mathematical. For example, in measure

beats are grouped in relation to an accented one. Each note is played for 3/4 there are one strong and two weak parts in one measure, each one

its allotted period of time. It combines with other notes to form a rhythmic a quarter long. The emotional perception of rhythm is related to physiology.

pattern. A musical phrase is made up of strong and weak parts. The strong The dominant rhythm first captures the motor center of the brain then stimulates

is the climax, which can be highlighted, for example, by the volume the endocrine system. The rhythm of the music spurs the rhythm of the heart,

of the sound. The preparation for this climax is the weak lobe. The distance and the increased heart rate provokes the release of hormones.

(number of lobes) between the two stronglobes is the beat. Thenumber
of strong and weak bars in one beat characterizes the size of a musical phrase.

Their alternation creates the "pulse" of the music, giving it the effect

of constant motion.
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usic can transform the static into The berimbau, a single-string percussion

the dynamic.Musicalinstruments instrument, can set the rhythm (page 331)
spread vibrations through the air and control the dynamics, speed and vivacity

around them. They are amplifiedby the body’s of the dance movements. Its thrumming tones can

natural resonators, allowingpeople to feelmusic make dances more organized, clearand thoughtful,

with their entire beings. In response, like an echo, aswell as enhance the energy.
the body translates these soundwaves into dance.

The conscious mind transforms the emotional tone

of the music into movement.



MUSIC BERIMBAU

BERIMBAU

The bamboo stick (1) strikes the stretched string (2), creating a soundwave.

The string can be made from animal sinew (page 78) or steel wire (page 162).

Stretch it over a bent, flat branch. Soak the branch in hot water or steam it

to make it more flexible. To prevent the string from slipping and the stick from

splitting, wrap a thick layer of leather over the top. To amplify the sound wave,

you ll need a soundboard. Use a pumpkin: cut a wide round hole in one side

and two small holes in the other.

Thread a rope through the two holes in back and tie it into a loop. Pull the loop
over the stickwith the string stretched and tighten it. Bypressing the string
witha flatpebble or coin, you can change the frequency of the sound.
The berimbau basically has three sounds; the open string sound, the high

sound and the buzz sound.

A smallinstrumentcalleda caxixiis theperfectcomplement
to the sound of the berimbau. Weave a small basket with

a minimalopening,fill it withdryseeds,pebblesorshellsand
corktheholewitha pieceofgourd.Whileplayingthe berimbau,
holdthecaxixiin thesamehand as the bamboostick.
Byalternatingthedifferentsoundsofthe berimbau
and caxixi,you cancreateuniquerhythms.



f you put your finger gently on a loudspeaker,

you will feel it vibrate. If the note is low

enough, you can even see it moving. When

it’spushed forward, it compresses the air in front

of it, raising the pressure. Some of this air flows

outwards, compressing the next layer of air.

The disturbance in the air spreads outwards

as a traveling sound wave.Wind instruments work

by blowing into a hollow tube and altering its

length to change the resonant frequency

and thus the note produced.

SAXOPHONE

Thesaxophoneis characterizedby a conicalmetal
tube (1) and fingerkeys.Thesound isproduced
by the reed (2) vibrating.This curved plate vibrates

the air exhaledby the musician, causingthe entire
air column in the saxophone body to vibrate.

Theair exitsthrough the resonatingbell (3).
Byopeningthe valves(4) on the body,you can

changethe length ofthe air column oscillating
in the tube to obtain sounds of differentfrequencies,

or notes: Smallholes produce high notes, and large

ones produce low notes. To play the lowestnote,
all holes must be closed. There is an octave valve (5)

at the top to open one of the two holes that make

the note an octave higher.

REED

The main element of the saxophone is a small
piece ofwood — the reed (2). It performs the

samefunction ashuman vocalcordswhen you sing
(page 326) — it produces sound. The plate can
be made from bamboo, rushes or reeds. The reed

is attached to the mouthpiece (6) with a clamp

made ofmetal or leather (7). The saxophone can

be tuned by slidingthe mouthpiece in and out.

Thiswillchangethe length of the instrument:
the longer it is, the lower the tone.



PAN FLUTE

On stringedinstruments, sound wavesmovethrough the string and across
the body of the instrument. In the body of reed instruments, air columns move

back and forth. Connect severaltubes of different lengths. In each one, the air
can vibrate only at a specificfrequency,meaning it produces one pitch
(page 326). Atube half the size of its neighbor willproduce a note twice

as high.As you blow and moveyour lips across the tubes, you'll produce
differentnotes with different intervalsbetween them.

An interval is just the distance between two sounds. Youcan replace the several

tubes with one and drill holes along the body.When all of them are open, you

produce the same sound you'd get by blowing into a tube as short as the length

to the firsthole. Ifyou plug all of the holes with your fingers,you'll get the same

sound as blowing into a tube as long as the flute with no holes.

SCALES

A column of air can vibrate as a whole or divide into parts. Dividing can

produce a series of sounds at specific frequencies. An unbroken column of air

produces a fundamental tone. A pillar divided into two parts sounds an octave

higher than the fundamental tone, and four parts sound two octaves higher.

An octave is an interval in which the ratio of frequencies between sounds is one

to two; that is, the frequency of sounds in each successive octave will be twice

as high as in the previous one.

A smooth increase (or decrease) in the frequency of a sound is a scale,The way

you choose to define intervals between notes and the octaveboundaries are

purely conventional. Choose, for instance, a reference frequency of 440 Hz

(page 326). From this reference point, you can shift the pitch up and down

by increasingor decreasingthe frequency.The sequence ofvarious intervals,
tones and semitonesforms a melodicpattern.

Playingcertainreedinstrumentsrequiresa specialtechniqueknownas circularbreathing.
Breathein and begintoplay,graduallyexhalingintotheinstrument.Whentheair inyour lungs
starts to run out,movetheremainingairfromyour lungsintoyourmouthandsqueezeit out
from therewithyourcheekmuscleswhilesimultaneouslytakinganotherbreathin throughyour
nose.Thisallowsyou toplaycontinuouslywithoutstoppingfor breath.Thepositionofthelips,
tongueandfacial musclesall changetoaccomplishthis.



usic is athing removed from the material realm. It’sdifficult
| \ / | to analyzeor qualify,as there is nothing tangible for us

to examine.That’swhy when we listen to music.We rely only

on our feelings,graduallyswitching from the rational to the emotional mind.

OPERATING THE ORGAN

The bellowsor fan (3) pumps air through a system ofwooden boxes.The upper
part is dividedby partitions into tone channels (4). The bottom “legs”(5)

ofpipes of differentregistersare inserted into them. The channels are then

closedby spring-loadedvalves.There are severalkeyboards operated both

by the hands (6) and the legs(7) on the console,eachofwhich is connected
to severalregisters.When a keyor pedal is pressed, the movement is transferred
through wooden rods (8) to the valve(6), which then opens and allows

compressed air to enter the channel.

‘ thehigherthesound.
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Immersing yourself in this state can become a spiritual practice. An excellent
guiding voice on this journey is a musical instrument that can produce

the entire audible range, from ultra- to infra-sound, which produces a tone

as rich and impactful as an entire symphony orchestra — the organ.

PIPES

Organs are made with severaltiers of pipes. Every tier has its own register,
meaning the pipes produce different notes of the same timbre (page 334).

The more registers an organ has, the wider its range. The lowest notes are

produced by wooden pipes with square cross sections (1). Metallic cylindrical
pipes (2) cover the higher range. Aclosed pipe produces a pitch twice

as low (one octave lower) than an open pipe of the same length. Organ pipes

also have different constructions. In flue pipes (A), the sound is formed
by an oscillating air column. In reed pipes (B), it’snot the air that vibrates

but a flat metal plate around which the air flows. The air pressure pushes and

vibrates the plate, propagating soundwaves that are then amplified within

the body of the pipe — the resonator. The shorter the opening in the reed,

Maaah

AtteeeeHtfcAEREEc)CRATEsteMUTETHTT,

Harmony — coherenceof thewhole,bornfrom thecombinationofopposites.It'sa subjective
concept;everyoneperceivesthesoundin theirownway.Dissonantchordscreatetension,
whileconsonantchordsresolveit. Theinteractionbetweenthe twoisoneof thefoundational
techniquesofmusicalexpression.

f 336 |
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usic creates a stream of emotions, allowing us to process and

express our realities and nurture the mind and spirit. Making

music is a concentration method. Both while creating and

listening, the mind rises above the mundanities of everyday life, entering

a state of self-observation that leads to the refinement of the soul.
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The sitar can be customized and fine-tuned to your tastes. There is no single

standard — anyone can construct a sitar suitable for their own preferences and

skill level. It’s not only the strings that sound but also all of its structural parts.

Each vibrates at its own frequency and sings with its own voice. And when

played, all the voices come together into a harmonious chorus.

‘The sitar is able to express the whole range of thoughts and feelings

of the improvisational musician. Each musical framework created is known

as a raga. It’sa living performance not tied down by any strict set of rules.

The basis for the raga is a melodic form consisting of ascending and descending

scales. The tones and semitones are supplemented with microtones that

add volume and glow,During the performance of the raga, the main theme

develops in improvisation with deep philosophical and poetic overtones.
Each raga carries a certain mood idiosyncratic to that specific piece, causing

the listener to experience a sense of aesthetic satisfaction.



MUSIC SITAR

Your civilization can develop its own set of attitudes towards sound

and performance, its own ways of perceiving and processing them.

And the foundation of your musical composition doesn’t have to be limited

to a linear melody based on a tonal sequence of sounds arranged in ascending

or descending order.

Youcanalsocreatemusic
in whichthesoundsspiral,
coilbycoil,creatinga trail
ofnuancesand overtones.

The body of the sitar is made from a pear-shaped gourd (1) that acts These react to the vibration of the main strings and resonate, adding volume

as the main resonator that enhances the volume of the sound. The sound to the sound, The musician does not strum or pluck them. The resonating

board (2) acts as a second resonator that gives the sound a certain color. strings run under the frets (7), while the main set of strings lies above.

The neck (3), on which the strings are attached, is hollow, transmitting The frets are made from metal and change the pitch of the sound. On a sitar,

the vibrations of the strings. The older the wood from which it is made, they are movable and are attached to the neck with ropes. The tuning

the richer the sound. The vibrations are supplied by seven main strings: pegs (8) stretch the strings taut. The rigidity of the material from which they

fiveof them are melodic (4), on which the main theme is played, and two are made determines the amount of energy that is transferred from the strings

are supplemental (5), continuously stretching and complementing the melody. _ to the other structural elements. At the top of the neck there is an additional

In addition to these strings, there is also a range of smaller strings (6). resonator (9) that amplifies the vibrations.
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usic is capable of uniting performers, even across language
and cultural barriers, But in order to remember, record

and reproduce melodies, there needs to be

a standard, shared notation for writing music. You'll need

to come up with a common convention.

You can share simple melodies by creating a music box. The main

component is the comb (1). It is made out of metal and has tines

of varying lengths. Each tine produces a different note. The shorter

and thinner the tine, the higher the sound. The second element

is the cylinder (2), which is coveredin smallpins.As the cylinder

rotates, these pins displacethe tines, causingthem to vibrate.

To make sure the music doesn't cut offabruptly in the middle

ofa phrase,make sure the melody is complete and looped —

for example,a section of 4 or 8 measures.

To rotate the cylinder,you need a clockworkspring
mechanism (page 166). When the key is inserted

into the keyhole and twisted, it winds a steelband

spring (4) around an axle,storing mechanical

energy.As the spring unwinds, the axle rotates and
sets the gearwheel (5) in motion. The rotation

is transmitted to the cylinder (2). The speed
of this rotation can be set by selecting the diameter

of the gears.Place the mechanism inside a case (6).
Thiswillbecome the resonator (page 328).

Adda figurineon top that willbe set in motion
by the same spring mechanisin. Turn the key and...

twinkletwinklelittlestar...

ea



NOTES

Notes in music are used to denote sounds of aparticular frequency in writing.

Each note has its own frequency rangingfrom approximately20 Hz to $000 Hz.

Instead of referringto these notes by their frequency,however,you can alsouse

letters or short names to simplifythings. For instance, consider organizingnotes

ona staffof fiveparallelhorizontal lines.Notes can either be placed directly

on one of the lines or in the space between two lines. Assign each note position

a pitch. Notes located near each other on these lines, moving either up or down

in ascending or descending order of pitch, forma scale.You can expand

the scaleby placingnotes aboveand belowthe staffand addingextra“ledger
lines”above,belowor through the note to indicateits position.

Once you reach a frequency double that of the starting frequency, the note will

sound like a higher version of the starting pitch. This interval is called an octave.

Try assigning the lowest note on your scale a simple name, such as “do” Draw

an extra ledger line below the lowest staff line and place this note directly on it.

The next note, call it “re,”goes in the blank space directly below the lowermost

staff line. Move upwards, alternating line and space, for the following fivenotes,

which could be called, say,“mi,”“fa,”“sol,”“la”and “ti” To write music, arrange

the notes on the staff in the order in which they sound. Anyone fluent in this

musical notation will be able to read the music and reproduce the melody.

rey

comprisesthemelody.

One easy way to write notes on a sheet is using ovals. You can choose to fill

in the oval or keep it empty, as well as add lines to one side or flags to indicate

different note lengths. An empty oval without a stick is a standard note played

for four full counts. If you add a stem to one side, this “whole note” becomes

a “half note,’ played for two counts. Fill in the oval, and it’s a quarter note,

played for one.

Theplacementofpins on thecylinder
is essentiallya directtranslationof the notes
on themusicsheet.Thisdeterminesthe order
and timingwith whichthe tinesare displaced,causing
them to vibrateat a certainfrequency.Thissequence

OC EAE

Ifyou also adda flagto the stick, the note turns into an eighth note. As you
add flags,keep decreasingthe length of the note: a sixteenth note is like

an eighth but with a double flagand so on. To help the notes fit on the staff
better, place the stem on the right side pointing up for allnotes below
the middle line, and on the left side pointing down for all notes above.

5S — 2 _____.



nce you've reinvented and mastered musical instruments,

you'll immediately want to find a way to record sound. There’sone

simple and accessible technology that will help you makea real

breakthrough. Amazingly enough, all you need to record sound is a needle

and a metal roller covered in an even layer of wax. The needle carves the sound

into the wax, and you can use the same needle to play it back later. Being able

to capture the moment and share it with others is one small step for amusician

and one giant leap for the music industry.

SOUNDTRACK

Tryholdingyour palm to your faceand shoutingatyour
hand. Feel the vibration? Sound is createdby airvibrating

at variousspeeds.Thephonograph’shorn collectssoundwaves
and directsthem towardsa flexiblediaphragm,causingit
to vibrate.The diaphragm then pushes the needle,
which carves a recording into the wax roll.

The louder the sound, the deeper

the groove.

RECORDING

Slide the wax cylinder over a threaded metal cylinder.Asyou turn the handle,

the cylinder moves slightlysidewaysrelativeto the needle. In this way,the audio

recording spiralsaround, coveringthe entire wax roll from left to right. In some

of the more advanced models, like the one depicted above,the cylinder itself

doesn't move but rather the needle carriageand horn.

PLAYBACK

To playa recording, allyou have to do is set the needle to the beginning
of the track and start turning the handle. The needle pushes the diaphragm,

the diaphragmcreatesairvibrations and the horn amplifiesthe sound waves.

Byconnecting air hoses to the diaphragminstead of a horn, you can create
headphones for personal playback.Headphones greatlyreduce the likelihood

of havingunpleasant conversationswith neighbors and the localauthorities.

[ 342 }
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WAX ROLL

Waxis not difficult to obtain (page 84), and it’seasy

to form into any shape. This is also a disadvantage:

The records are short-lived and deteriorate quickly

in the heat. Pretty soon you'll want to invent

vinyl(page126).

HANDLE

. Waxroll Trying to relaxand enjoy the musicwhile havingto constantly

. Axis turn the handle is not particularlyconvenient.Builda simple
Handle winding mechanism to help you unwind (page 166) or go further
Needle and connect it to a smallelectricmotor (page 194).

Carriage

Horn (6)
Diaphragm LMies
NAKED

fedsot iyeS
<))

HEADPHONES

If you'vealreadypluggedinto electricity(page 192), Theelectricitypassingthrough the wire magnetizes
makeapair ofheadphones.Startwith two earpieces. _ the coil,alternatelyattractedand repelled
Attach a permanent magnet to the back side ofeach —_by the permanent magnet. This causes the disc

and make a hole in the front side. Place a flexible, to vibrate, creating pulsating air waves. These pass

slightly concave disc of thin, dense material through the front part of the earpiece and vibrate

in the middle. Attach a metal coil to the disc. your eardrum. Now you can jam to your favorite

Connect the two earpieces using wire. tunes with no fear of judgment from passers-by.
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oth music and math are among the highest abstractions of human

thought, but at the same time, each has a precise definition and are,

in fact, closely intertwined. Music is directly founded on numerical

ratios. They define the external structure, or acoustic base, of the music:

the rhythm, meter, tempo and frequency. Through music, we understand

the structure of the world, which is also based on numbers, creating our own

individual time flow with music moving from the past through the present

and into the future.

—————_ SSOM
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The brain automatically connects the notes we hear with the ones that came

before and creates our expectations of what will come next. When we listen

to music, we don’t hear individual notes but rather the unfolding of an entire

musical phrase. So when composing music, instead of using individual notes

as a basis, why not use a larger musical phrase — a sample?

A samplemaybe taken from another piece ofmusic and developedinto
a whole new instrumental arrangement. You can also sample natural sounds:

snippets of conversation, the patter of rain, the crashing of waves, the rustle

of leaves. When creating samples, there’s endless room for experimentation.

Sampling is at the heart of rave culture. There is no audience at a rave —

it is a collective action. The DJ spins the turntables and gives rhythm

to the movement. Ravers find themselves immersed in a sea of sound and light.

This combines with the rhythmic movements to produce a hypnotic trance-

like state.The rhythm and fluiditybecomea catalyst for a sense of community.

Ravesappeal to the depths of the unconscious. This is a road to your inner
self, ameans to throw off the shackles of everyday life that try to box in your

consciousness. At the same time, the rave has the potential to free you —

it allows everyone to be who they are while merging with the single breath

of the mass of people.
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llanimals, plants and many microorganisms need oxygen to survive.

In humans, the process of breathing draws air into the lungs for oxygen

o be absorbed into the bloodstream. The oxygen is used byall ~

the cells of the body for chemical reactions that release the energy essential

for life.By consciously controlling the frequency and depth of their inhale

and exhale,people can control their emotions, reduce stress levels and

even access altered states of consciousness.

HOW DOES IT WORK?

Quick and shallowbreathing activatesthe sympathetic branch of the nervous

system — the body’s"gaspedal” — and puts the body on high alert. Aseries

of short, deep breaths brings a sense of euphoria and can put you ina sort
of waking trance. Long, slow breaths and holding your breath has the opposite

effect. It engages the parasympathetic branch of the nervous system

(the "brakepedal"),which is responsiblefor rest and digestion.

Exhaustion,repressed emotions and a sedentary lifestylecause chronic muscle

tension, formingsomething likea shellaround the inner organs.Thisshell

constricts the lung space,leading to rapid, shallowbreathing and driving

the body into a stress feedbackloop. It usuallydevelopsin childhood due

to overlytight clothing, a habit of clenching the stomach or improper posture.

If you want to slow down or get some stress relief, try the following

exercise: Sit or lie down. Keep your back straight. Put one hand

on your bellyand concentrate on your breathing. Slowlyinhale into

your bellyfor three counts. Feel the air moving through your nose

and throat, how your belly inflates.Smoothly exhalefor sixcounts.

Repeat this exercisefor fiveminutes.

Ifinstead you want an energyboost, use this exercise:Sit cross-
leggedwith your back straight.Loweryour chin. Closeyour eyes.

Relaxyour bellyand breathe into it.As you exhale,drawyour belly

in sharply,pushing the air out ofyour lungs in one swiftmotion.
Breathe in through your nose (this exercisewill alsohelp clearyour

sinuses) and out through your mouth. Repeat 36 times, gradually

speeding up. Do not perform this exerciseifyou are pregnant

or havehighblood pressure.

It’sbetter to do anybreathing exerciseson an empty stomach.

Don't try too hard to hyperventilateyour lungs and hold your
breath for long periods, especiallywhen you are alone,becauseyou

might lose consciousness.
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ature has givenhumans self-awareness,a unique ability unavailable Clear,focused engagement, by contrast, givesyou accessto creativity,
| \ | to other animals.Humans are not only capable of feelingemotions improvisation and flow.Meditation is a powerful tool for working with the

and being consciouslyawareof their instincts, thoughts and actions mind. It is based on relaxed concentration; concentration of attention not

but also of controlling them. Developing this skill,however,is impossible through an effort of will but througha sincere interest in what is happening.

without the ability to carefullyobserve oneself and the world. Constant In meditation, the practitioner givesspace to whatever is going through his

life distractions reduce the capacity for self-awareness— the brain goes mind without analyzingit or trying to change it.

on autopilot and begins to fallinto negativepatterns

of thoughts and emotions.
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Meditation can be compared to a long journey, the purpose

of which is to understand and pacify the mind. At the very

beginning of the path, the still untamed human mind is like

a wild beast — disobedient and plagued with wandering

thoughts, passionate emotions and conflictingjudgments.

The main task of the practitioner is to first catch this beast,

lassoingit with a rope of unwaveringattention and alertness,

and then guide it along the path towards a mindful,

attentive life in the present moment.



HUMAN MEDITATION

%

Basic practice in preparation for meditation is the technique of body 2. Slowly "scan"your body from top to bottom, moving your attention

relaxation. To do this, set an alarm clock for 3 to S minutes and repeat from one area to another and consciously relaxing the muscles as you go:

the following steps: your face, stomach, groin and so on.
1. Sit comfortably with a straight back. Close your eyes or leave them 3. Scan your body several times until your alarm goes off.

half-closed,focusingyour gazeon a stationary object. Takeseveralfull,

deep breaths and exhale.

To improve your concentration skills, try observing your breath: It is important to bring the experience gained in these short sessions into

1. Repeat step 1 from the previous exercise. your daily life. This will help you transform negative habits of mind, develop

2. Direct your attention to the feeling of your breath at the tip of your nose empathy and embrace the world as it is. The more people in your society
or in your belly. Observe your inhalations and exhalations. who know how to manage their emotions and thoughts, the more developed

3. Notice when attention slips away and patiently return to observing the civilization you will be able to create.

your breathing.
4. When the timer rings, thank yourself for practicing the exercise.
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umans have the inherent desire to constantly push the limits

H of their abilities.This cravingfor adventure is a great driving

force for a developing civilization.It pushes people

to explore new terrains, conquer the cosmos and populate

new planets. In everydaylife,it also motivates them
to find ways to overcome the limitations of their

bodies and minds.

Rock climbing challengesa person's agility

and endurance, as well as his ability to conquer

his fears. It’sa duel not onlywith the mountain
but with yourself: your mind cries “no!”and

yet you keep climbinghigher and higher.
The climber learns to masterfully control his

body from the tips of his fingers to his toes.

Every move requires total concentration and

the ability to calculate actions in advance.

There are three basic principles you must learn

before you can master rock climbing. The first

concerns the placement of your feet: You must

always climb with your toes facing forward and

never turn your foot sideways. Otherwise, failure

is inevitable. Your position must be extremely

precise so you can transfer all the weight to your

legs and pivot to the side if necessary.

The second principle is to synchronize your
movements. If you're gripping a ledgewith your

right hand, you should lean on your left leg. In this

case,the diagonal of balance passes exactlythrough

the body’scenter of gravity (located in the pelvic

area in front of the sacrum). Thiswill conserve

your energy.It’salso important that your other leg

isn't dangling in the air but is at least pressed up

against the rock. Thiswill avoid any unnecessary

swayingthat may throw you offbalance.

The third rule is about proper body placement:

Yourarms should alwaysbe straight, legsbent,

your center of gravitypressed to the wall.
If your hips are wagglingin the wind, it will

put extra tension on your arms, causing
them to quicklybecome exhausted.

You'll need special climbing equipment: shoes

with a thin and flexible rubberized sole — a size

or two smaller than usual to ensure a snug fit

so that you can plant your feet firmly— and a bag
of magnesium powder (magnesium carbonate and

hydroxide bind to moisture and body oils so your
hands don't slip).And, of course, your safetynet:

rope, a harness, carabiners and specialdevices for

fasteningstaysin rock creviceswith carabiners.

Climbers usually work in pairs: one climbs and

the other controls the safety rope. The burden

of responsibility for your own life and the life

of your partner gives you the drive to power

through even when your strength is waning.
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FREEDIVING

Freediving is diving into water as deep asyou

can using only your own held breath. Like rock

climbing, it allowsyou to push the boundaries

of your own body but this time in the depths

of the ocean. Fins, a mask or goggles,a nose clip,

a weight and a wetsuit, in case of cold water,

are the only equipment freedivers need.

Under water, the pulse slows down significantly

and your blood pressure rises as blood rushes

to the heart, lungs and brain. The deeper a person

dives, the more pressure is exerted on the body.

If you go too far down, your eardrums can even

burst. To avoid this, you need to learn how

to properly equalize the pressure: closeyour

mouth and pinch your nostrils closed then lightly

blow out through your nose against this pressure

to pop your ears.

Trained divers can descend to depths of more than

100 meters and hold their breath for 6-7 minutes.

To lengthen your dive time, you can practice the

following breath-holding exercise:

1. Seal your lips around the snorkel mouthpiece

and, with the end of the tube above the water,

take a deep 5-count breath.

2. Hold your breath for 20 seconds. Lower your

shoulders, relax the muscles of your face

and neck and hang your head.

3. Exhale through the mouth for $ seconds.

Relax your core.

4. Immediately begin the process over again.

Practice this exercise 5 minutes a day. When you

feel you're starting to make progress, add another

5 seconds onto the time you hold your breath and

another minute to your daily practice time but

don't exceed 15 minutes.

Although holdingyour breath causesyour body
to activelyproduce happinesshormones known
as endorphins, your psyche is still subjected
to severe stress — after all, you're alone with

the abyssdown there. Panic in the deep can be

dangerous. Freediversare trained in deep relaxation

techniques to stay clear-headed.

Another complicated aspect of divingis learning

how to ascend safely— the body is in a state
of extreme oxygen starvation and is being pushed

to its limits. At this moment, it is important for

the diver to ignore the reflex to take a breath, soothe

any panic and calmly swim upward. Any excessive

stress or increase in heart rate can be deadly.

Like rock climbing, freediving develops self-

control and the ability to suppress one’snatural

instincts and move decisivelytowards the goal.



eep inside,everyhuman being just wants to be happy.True happiness _ Practicingthese poses improvesblood circulationto the internal organs,relaxes

is impossible without finding a state of harmony with the world and the nervous system and relievestension that may generate anxiety and severely

radicallytransforming your mind and body. This is the aim ofyoga. distort your perception of the world.

Masteringthe art ofyogabeginswith physicaland breathing exercises.When There arevariousmeditative techniques used for stillingthe mind. Bypracticing

combined, this cleanses the body, reduces tension and heals many diseases. them, people gain control over their thoughts and emotions, tuning into a more

This is achieved by holding certain poses, or asanas, which stretch and engage subtle and well-balanced view of reality.
various parts of the body. Be)

Relyingona code of ethicshelps

people reachan enlightenedstate.

Some of the keyprinciplesinclude

non-violencetowardsoneselfand others,

control of one’sdesiresand honesty.

Followingthese rulesbrings When practicingyoga,

the mind into harmony your main focusshould be on your breath

with the universe. and bodily sensations,aswellas avoiding
excessive tension and pain. Otherwise,

you mayinjureyourself.



YOGA

As a rule, a yoga sequence consists of a series

of poses and always ends with a pose to relax

the entire body,Youcan start your practice

standing.Stand straightwith heels and toes
touching.Distribute your weight evenlyacrossboth

feet, engageyour knees,pull your stomach in and
stretchyour spine tall,arms by your sides.Now
bend your right leg to lift it and placeyour heel on

the inside ofyour left thigh,pressinginto it.
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Stand for about a minute and breathe into your

belly. Start in a standard plank position on hands

and toes as you exhale, lift your head and lower

Lie on your stomach and spread your feet 30 cm

wide, palms on the floor at chest level, elbows close

to the body. As you exhale, liftyour body off the

floor, straighten your arms, put your head down yourself gently to the floor. Relax.The pose helps

between them and stretch your spine. Legs straight, strengthen the spine, relieve chest tension and

knees engaged, heels pressed to the floor. Feet improve digestion.

parallel to each other, fingers spread wide apart
and directed forward.

Next, roll over onto your back. As you inhale, pull

your legs up towards the sky and over your head.

Lower your feet to the floor. When you're first

starting your practice, you can bend your knees.

As you progress, work on straightening your legs

and pressing them together then engage them

slightly. Extend your arms behind your head and

lower them to the floor.

The next pose is the final asana in any yoga sequence. It helps relaxyour mind

and body as much as possible. To practice the pose, lie comfortably on your

back, turn your palms towards the sky and spread your legs comfortably wide.

Then close your eyes and, with calm, measured breaths, mentally scan your

body starting from the head and focus on gradually relaxing each muscle.

Typically,this exercise takes 5-10 minutes. This pose is considered one
of the most difficult asanas in yoga, since it is very difficult for people

to achieve complete relaxation.

As you develop yoga practice, you acquire unique skills such as deep intuition

and inner strength. Yogisattain special states of consciousness when their

minds are freed from the dual perception of the world and from suffering.

Stabilizein this position and, balancing, bring your

palms together and extend your arms skyward.

Hold this position for as long aspossible. Breathe

deeply.Switch legs.This pose teaches balance and

tones the leg muscles.

Now get down on all fours, hands placed shoulder-

width apart, knees on the floor. On the inhale, arch

your lower back in the “cow”pose. On the exhale,

slowly stretch upward, rounding your lower back

in the “cat”pose. Repeat the cycle smoothly nine

times. This pose improves spine flexibility.

Your neck should be relaxed, your spine should be

in one line and the weight of the body should be

resting on the shoulders. Breathe calmly for

a few minutes. Return to the starting position.

This exercise stimulates the nervous system,

massages the internal organs and has a beneficial

effect on thyroid function.



he process of natural selection has honed the survival

| and self-healingmechanisms of every livingbeing.
But the further human beings progress along the path

of civilization,the weaker their connection with the natural

cycles becomes. They stop listening to their own bodies

and lose the ability to control them.

FOLLOWING THE CYCLES

OF NATURE

Qigong gives you the opportunity to build

an effective activity and rest routine and adjust

ZAZa
ll
al

ESS==

>Sa=

BODY

RELAXATION

Move without effort, follow your inner impulses

and tune your body like a musicalinstrument
instead of controlling it forcefully.Thisprinciple

makes it possible to remove muscleblocks, relax
the mind and encourage self-healing.

Qigong is the focused application and understanding of mind-

body-spirit to improve your mental clarity and physicalhealth

through correct posture, movement, breathing, sound and

focused intent. The aims of regular gigong practice are to return

to the original integrity and connection with nature inherent

in all livingbeings, free yourself from tension and return

to harmony with nature.

BODY POSITION

CONTROL

With this skill, one avoids unnecessary stress

and injury and increases the body's endurance.

BREATH & ATTENTION

CONTROL

Focusing on the depth and rhythm of the inhale/

exhalecycleand body sensations helps to restore
mental clarity,manage emotions and finda fuller,

more holistic perception of the world.



One of the basic qigong exercises is called "The Tree.”To practice it, stand Breathing is even and measured. Stay in this position for at least 10 minutes

up straight with your feet shoulder-width apart. The tongue should lightly and try to feel your body. At the end of the practice, place your hands on your

touch the roof of your mouth. Tailbone is tilted down. Knees are slightly bent. stomach: women should put the right hand on the navel, the left hand on top;

Shoulders are loose and open, as if you were holding an egg under your armpit. —_men, vice versa. The most important aspect of any qigong practice is reaching

Arms are bent at the elbows and resting at your side. The top of your head a calm, meditative state of mind. This is how you regain touch with your body's

points towards the sky. Eyes are partially open. voice. It will guide your movement, and the healing process will begin.
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uman understanding of the wakingworld is often divided

into binaries—good and evil,life and death, past

The dreaming mind is subject only to the rule of feelings,sensations

and images the brain has absorbed during the day and stored in either

the conscious or subconscious, depending on the perceived usefulness

of the information. Dream interpretation can bea real spiritual
and present. But the universe is far vaster and more

complex than the limited view of reality in which we spend

our lives. Dreams unshackle our mind, giving us access

to the Universal Life Source — the origin of all that is.

Dreams aren't governed by logic.

practice in meeting your true self and tapping into the creative

force of the universe. It can help you develop your creativity

and consciously take control of your life. It is sometimes

easy to avoid unresolved conflicts, but it takes

courage to face them.

uv

There are no moral principles in dreams. Here

everyone can live their most shameful and cruel

fantasies.For example,a loving,well-to-do
housewife may dream of picking up a machine gun.

You need to give up control and follow the natural

course of the dream.

‘Thisis the structure of the psyche — only

by passing through their fears can a person
be healed. After waking up, give yourself 15

minutes to lie in bed in order to feel the sensations

as your body recalls the details of your dream.

Otherwise, the memory will be overwhelmed

by your rational, conscious mind.

Followingthe sensations, imagesfrom sleep

will begin to surface: for example, fire.What kind

of fire was it? Cozy or scorching? How do you feel

about the fire?Maybe you have an anger burning
you from the inside out? How can you manage it?



HUMAN DREAMS
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Applying logic when interpreting images from Maybe the tiger symbolizes the animal strength Maybe your nervous systemis so fried that you will

your dream is futile. Reliveyour dream in your you are unable to recognize in yourself while awake. _experiencea hypertensive emergencyifyou don't

memory. Disregard obvious interpretations and try Dreams can portend future events or illnesses, learn to expressyour emotions. Think about how

to decrypt messageshidden within. For example, so draw connections to your waking life.For to react differently.Thispractice allowsyou to turn

perhaps you were walking along the road and saw example, let’ssayyou dream of a kettle boiling dreams into allieson the path to ahealthier,more

a roaring tiger. Imagineyourself as this tiger. over and sprayinghot water everywhere,while holisticapproachto life.

How do you feel?Who are you growling at? in everydaylife,you don’t allowyourself to express
your emotions and they are boiling up inside you.
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ufferingis an inherent part of everysentient being’slife.
When the burden becomes unbearable, the mind can begin

to develop coping mechanisms. These cushion the psyche |
from destructive experiencesand help you adapt to reality.

Even if the traumatic event has been repressed from consciousness,

all the feelings and sensations associated with it are imprinted

on the body and nervous system. This forms a sort of protective

barrier — a chronic stress memory that helps you avoid

or survive similar situations — but at the same time limits

personal development. These defense mechanisms are especially

apparent whena person projects their emotions from past

experiences onto people who had nothing whatsoever
to do with them.



HUMAN PSYCHOTHERAPY

To start the healing process, you need someone who can act as a mirror

to help you become aware of your traumas, projections and patterns

of behavior and free yourself from their negative effects.But feware capable

of such selflesslistening and total engagement. Those who are become

therapists. If everyone knew how to listen with interest and without projecting

past experience, we wouldn't need therapists. But until we reach this utopian

future, sit back in this chaise-lounge and tell me: How does that make you

feel?The therapist sincerely empathizes with the person, sometimes gently

nudging them towards the next step, but doesn’t get emotionally involved

and alwaysremembers that the patient must travel the path

of self-discoveryon his own. One important skill a therapist

must possess is the ability to feel another person's pain

without being weighed down by their emotions.
One technique is to imaginethat the patient
is discussinghis dreams:They are illusory
but at the same time very important

and cause suffering.
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Another equally important element for healing is finding Art therapy works well for sensitive souls whose
a meeting space where the patient can feel completely safe emotions are better expressed through drawing or another

and open. The therapist may also use physical exercises, art form. By sharing his pain with someone else in this kind

if the patient is particularly psychosomatic and experiences of environment, a patient is able to escape the destructive

physical symptoms of trauma, and/or cognitive exercises, influence of trauma-based coping mechanisms.

if the patient’s symptoms are more cerebral.
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ometimes it's nice to completelyrelinquish control, stop thinking,
analyzingand supposing and simply say,“Let the fates decide!”

If you're feelinglucky,grab apartner and throw some dice.

In this game, your luck can change in an instant — all you can do is roll and

leavethe rest to destiny.Spice things up and raise the stakesby making bets

before each roll. The game will quicklypull you in.

‘The fate in the game is decided by lots — dice

with numbers printed on each side. They must be

carefully crafted and balanced to ensure chance

is the only factor at play.When they land ona flat
surface,each side of the dice must occupya stable

position. Use smallvolumetric geometric shapes

with equal faces,such as a pyramid or a cube.

Dice can be made from any durable material:

ivory, wood, stone, clay, fruit pits, agate, amber,

onyx, lead — even silver or gold. Carve the material

into a cube with six faces. On each of the faces,

carve or paint the numbers from 1 to 6. Arrange

them so that the sum of the numbers on opposite

faces is 7.

To completelyeliminatethe possibilityofplayers
influencingthe rollwith a sleightofhand, use
a special device that will shake and roll the dice

for the players.The main objective of the game

is to score the most points. The wayyou score

depends on the game you're playing, Ready to roll?
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1000

This game requires 5 dice. The goal is to score exactly

1000 points. Any number of players can participate,

but the sweet spot is around 4-8. Roll dice
to determine who goes first. The numbers

on the dice determine your score: 1s are worth

10 points, and Ss are worth S. The rest

of the numbers are considered worthless unless

they occur in a three, four or five of a kind.

When you roll a three ofa kind, you score the value

of one of them multiplied by 10. Ifyou roll four

of a kind, multiply it by 20; and five of a kind,

by 100. The best roll you can have is five

ofa kind 1s,which is an instant win

(1 = 10 points, 10 x 100 = 1000 points).

Start a table with different columns

and rows to record players and points,

the stages of the game, the passing

of points from one player to another

and lost points. To begin, you need

to roll at least 50 points to get onto

the table. If you roll at least 5 points,

you can set the scoring dice aside

and reroll the rest for more points.

But keep in mind that if you roll a hand

with no scoring combinations, you

lose all the points previously scored

in that round. That’s why you've got

to know when to hold them and know

when to roll them.

You have another opportunity to increase your

score: If you start the round with fewer points than

other players and end the round with more, you get

to steal 50 points from any players you overtook.

Another variation involves creating barrels,

or point thresholds. Players in the barrel

(say, scoring more than 200 but less than 300)

must roll a score of 300 in one round before they

are allowed to continue scoring. These barrels

often occur between 200-300 and 600-700 points.
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Toresolveanydisputesthat mayarise,usethetriangleofnumeralsshownhere.Thispattern
ofnumbersfollowsa specificprinciplethat willhelpyoudetermineeachplayer'sshare.
Forexample,beforewinningtheentirematch,player Amissestworounds,andplayerB
missesthree.Howcanyousplitthe betfairly if thegameisinterrupted?

Add up thenumberofgamesmissingbyeachplayer: A+B = 2 + 3 = S.Check
thecorrespondingrowin thetable,i.e.,thefifth one.PlayerA’sshareisequalto thesum
ofthefirst threenumeralsin therow(correspondingto thenumberofgamesmissed
byB: 1+4=5). ThentheshareofplayerAwillbeequalto thesumofthethree(according
to thenumberofgamesmissingfor playerB)first entriesin thefifth row(1+4+6=11),
andplayerB'sshareis thesumoftheremainingtwonumbers(1 + 4= S).
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he principles of conflictand conquest are at the heart of most games. It is unlikely that you will be able to win simplyby accumulating chips.

But there are alwaysexceptions to the rule. Ifyou enjoy sharing and A different tactic is required here: take what you can and share the rest.

strategizingwith others but still enjoy the excitement and skillof being To someone watching on the sidelines, it may appear that the players are

cunning, playmancala. The goal is to collect as many chips as possible to fill simply sowing seeds. The gameplayitself is quite soothing.
not only your own cells but also the cells of your opponent.

MANCALA

When you start to get the hang of things and want to pick up the pace,
the meditative activity turns into a game of chance. The playing field is aboard

with two rows of six pits and one larger pit on each end. It can be carved from

wood, but if you don’t have any on hand, that’s no reason to give up. Just dig

holes in the dirt or sand or even draw them on paper. Any collection of small

objects can act as playing pieces: seeds, beans, small stones, etc.

RULES

Each player has one row of pits. The row nearest to the player is theirs; the farther

one belongs to the opponent. The large pit located to the right of the player's

row is called a “store,” and that’s where your seeds are held when not in gameplay.

Place 4 seeds in each small pit. You can decide who will go first by drawing lots.

The gameplayworks as follows:The starting
player takes all the seeds out from any singlepit

on his side and drops them one-by-one into
the subsequent pits, moving counterclockwise

(from left to right across the player’s own pits and

from right to left in the pits of the opponent).

If during this process you reach your store, you

place a seed in it. If you reach the store of your

opponent, you do not. Try to distract your

opponent with captivating stories to ruin their

concentration and cause them to slip up.

How to fill your store? If the last seed of your turn lands

in an empty pit adjacent to an opponent's pit that contains one

or more pieces, then you take all the opponent's pieces from

this pit and, together with your last piece, put them

in your store.

And one more clever rule: If your last seed falls in your store,

you get an extra turn. If you do the calculations and sow your

seeds right, you can end up taking several turns in a row!

When one of the players runs out of seeds and the other does not have To win, you need to collect 25 seeds in your store, and when the score is 24:24,

enough chips to replenish the opponent's pits, the game ends. The other player _ the match is a draw. You can make the game harder by making more rows

transfers all their remaining seeds in their pits to their store and the “harvest” of pits, by increasing the number of seeds and adding new rules. Have fun

takes place — counting the points. with it! Mancala is a great way to shift and train your focus.



GAMES MANCALA, TIGERS & GOATS

TIGERS AND GOATS

You may think that a goat facing a tiger is completely defenseless.

For a lone goat, this may be true, but if there are several goats, then the tiger

RULES

may go hungry or even end up impaled. This is a rare situation when predator for more drama.
becomes prey.

The game involves two players: one starts with 4 tigers, the other with 20 goats.

You can use chips of different colors and sizes or carve animal figurines

To create the playing field,start by drawing a square.

Draw horizontal and vertical lines to create a 4x4

cell grid. Then draw two diagonal lines connecting

opposite corners. Next, connect the midpoints

of each side with diagonal lines to form a diamond.

You should end up with a 25-point grid with all

points connected orthogonally.

Pieces are placed on the points not on the cells.

Before starting the game, place the 4 tiger pieces

at the 4 corner points of the board. The goat player

moves first, placing a goat on any vacant point

on the playingboard. With each subsequent turn,

the goat playermust place all of his pieces one-by-

one on any remaining free point.

[ 367}

Until all the goats are placed on the field, the goat

player cannot make any other moves. But he must

place his goats carefully,for there are tigers

on the prowl. A tiger captures a goat by jumping

over it and landing on the adjacent point along

a straight line. To win, the tigers must capture
5 goats, or the goats must hem in the tigers until

they are unable to move.



GAMES

hess is much more than just a game. It is the realization of an There’s something for everyone: the search for truth, the metaphor

individual's full potential while locked in fierce battle and fighting of a military battle, the intellectual duel, mental entertainment and aesthetic

for social recognition. It is the advancement of creative ideas appreciation when analyzinga gamebetween two masters or solvingpuzzles

and the beauty in seeing a plan unfold. in artificiallycreated scenarios. Chess develops intuition, logicalthinking,
concentration and strategy.

Chess is a two-player game that uses a square

(aes gameboard of 8x8, or 64, cells, which alternate dark

* Ce Dy and light in a checkerboard pattern. Label the cells

s aya in both the horizontal and vertical directions —

a for example, use letters for the horizontal axis
Wes: and numbers for the vertical.
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GAMES CHESS

Each player has a set of 16 pieces of his own color:

8 pawns, 2 rooks, 2 bishops, 2 knights, 1queen and

1 king. You can name the pieces whatever you like

as long as their abilities are clearly defined. Line

the pieces up in two horizontal rows on each side

of the board. The first row should be entirely pawns.

The second should have rooks at the edges and,

LN The center squares are occupied by the king and

moving towards the center, knights, then bishops.

queen, with the queen on the square of her color.

The pawn can only move one forward one space

at a time, except for its first move, in which it can

jump two spaces at once as long as the spaces

are unoccupied. A pawn can attack and capture

opponents pieces that stand ona diagonal

. veVYa N j WEWOE <]tothepawn.A . io \ ae eye
oe \ \ \ \ Theknightmovestwospacesinanynon-diagonal\ A \ . \ direction and then one more space in any non-

diagonal direction.

The king is the most important and valuablefigure.
He canwalk and attack one space in any direction,

including diagonals,but cannot move to or remain
ona space that is under direct threat of capture by

an opponent's piece. Opponent kingsmust always
remain at least one space away from each other.

The bishop moves and attacks diagonally any

number of spaces,provided that there are no other
pieces blocking the path. The bishops remain on

the same color space as they started, so each player

has a black space bishop and a white space bishop.

\ Se Therookmovesanynumberofspacesverticallyamya ca andhorizontally,providedthattherearenoother
TN\ \ piecesblockingthepath.WWASues. e e ne

The queen is the strongest piece on the field.

Combining the abilities of the rook and the bishop,

she can move any number of spaces in any direction.

Even a pawn has a chance to be promoted

to a queen (or any other piece exceptthe king)

by moving across the entire fieldand reaching

the back row of the opponent's side of the board.

Recordmovesbyusingalgebraicnotation.Itis based
onthesystemofcoordinatescreatedbytheintersection
ofthe lettersand numbersusedto labelthehorizontaland
verticalvertices.Eachspacehas an alpha-numericcode:
for example:al, gs.

Thename of eachpiece is abbreviated and written
with a capital letter:King =K, Queen = Q Bishop = B,

xne=“es
The goal of the game is to find the weak spots

in the opponent’s defense and “checkmate”the king

by putting it under direct threat of capture in such
a way that the opponent cannot move their king

out ofdangeror capturethe attackingpiece.White
movesfirst.When the kingis under directthreat
of capture but can still escape, it’s known as a “check.”a ameasME SS‘S_

I .. NSas a Wi&

Knight = N, Rook = R. The Pawn has no notation.
The playerwhose king is in check must make a move

Thisnotation describesboth the chesspiecemovedwith the new to escape or evade capture. When no such legal

square it has movedto on the chessboard.Play this short game 2,

to practice and get afeelfor eachpiece: 1. e4 e5; 2. Bc4 d6;

3. Kf3 Kc6; 4. Kc3 Cg4; 5. KeS Cd1; 6. Bf7 Ke7; 7.Kds. va

moves exist, a “checkmate” is declared and the game

ends. Some chess matches are particularly bloody,

with heavy casualties on both sides. These often end

In thisgame,the blackKingischeckmatedinjust seven
moves,Whitecreatesa trapfor blackbysacrificinghismost
powerfulpiece— the Queen.BlacktakesWhiteQueenand
losessightofthe threat to hisKing.

in a stalemate, when the player whose turn it is

to move is not in check but has no legal move.

At this point, nobody can win, so you declare a draw.



magine you are a ruler and you have the opportunity to take over

| the whole world. But there is someone else with the exact same

opportunity as you. What would you do? What steps and actions

do you take? Could you make your own state bigger and stronger?

All of these questions can be answered with a game of Go.

Go tests your abilities to conquer and fortify territories. There are no battles

or decisive attacks, and you need to be a keen strategist to win, gradually bay

implementing your plan one step at a time and thoughtfully building up

your position.
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Excessiverisk-taking i ¥

and aggressivestrategies a:

can result in losses,

while staying constantly

on the defensive can give

the enemy an advantage.

Try to find a balance:
if you have a lot of territory,

don't be afraid to surrender

some of it; if you don't,

it may be time to stir up

the pot a little.

The gameboard can be made of wood. Divide the playing surface into a 19x19

grid. While still learning or teaching, you can start with smaller boards: 9x9

or 13X13. It is better to make two sides of the board slightly shorter, with

a ratio of 15:14, as this will create the ideal perspective for both players.

The stones (usually black and white) represent your army and the enemy’s

army.They can be made from glass, ceramics, shells or real stones: ordinary,

semi-precious, precious. A 19x19board has 361 points. This means that you

need 180 and 181 stones, respectively, to play.Craft two holding cups:
one for your stones, the other for your opponent's stones.

[ 370 }
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GO

At the start of the game, you're a commander with an army at your disposal,

and in front of you is free territory that you need to conquer. Your task

is to capture more territory than the enemy. There are only six basic rules

and an unlimited number of ways to win.

Empty board: The game starts with an empty playing field. The stones

are placed not on the empty cells but at the intersection points between lines.

Turn taking: Black makes the first move. Placing one stone constitutes

one move. Try to first take territory in the corners of the board, then

on the sides and, finally, move on to the action in the center.

»

No take-backs. Once you've placed a stone on the board and removed your

hand from it, your turn is over. The stone placed on the field can no longer

be moved; it becomes part of the boundaries of your territory.

Life and Death: Every stone placed on the field starts out as “alive.”
The life force of any stone or group of same-colored stones is determined

by the number of neighboring free spaces,or “liberties,”it has. Groups
of same-colored stones share the liberties around the boundary of the group.

Liberties closed within a group are called “eyes.” At the very beginning

of the game (1), each stone has four liberties. If anenemy blocks off all four

liberties, the stone “dies,”meaning it is taken prisoner and removed from

the field. Ifyou notice you are in danger of losing your last liberty, you can

place a second stone (2) next to the first. Thus, one stone saves the other

and they become a group.

Combining stones into groups significantlyincreasesthe chances of capturing

a largeterritory. Each new stone enlargesthe group, expanding overmore
space.Ifyou form at least two closed eyeswithin the group, you create
a fortress. This group of stones obtains eternal life because the enemy cannot

close both eyes in one move.

In Go, “suicidal” moves are forbidden, meaning plays that result in that player's

own stones being removed from the board or placing a stone in a position

with no remaining liberties. One exception is when the step is a strategic

maneuver forcing the opponent to sacrifice their entire group.

Repetition. In Go, it is forbidden to make a move that repeats a position

that was already on the board in this game. The simplest example of this can be

seen in Figure (3): White makes a move by removing a piece with no liberties

left. Black can place a stone in the formed place, thereby blocking white's

liberty and also removing it from the board. This returns the board to its initial

state from a few moves prior. In order to comply with the “no repetition’ rule,

Black cannot make a move similar to White’s. They must make any other move,

and, if they wish, can repeat this move after White responds and changes
the field. Unless, of course, White chooses to occupy this space with their

next move.

Completion: Eventually,the players reach a point where there are no viable

moves left; it’simpossible to expand your territory or attack your enemy’s

territory by placing a stone. When one of the opponents can’tfind
(or doesn’t have) any such moves left, he says, “Pass” and skips a move.

After three passes, the game is over.

Figure (4) shows a completed game board. As you can see, both players

still have stones on the board. The territory is divided. Who has won?

This is determined by comparing the number of points. Each eye left

on the board counts as a point, as does each prisoner taken by either side.

It’s important to take into account White's handicap due to the fact that

Black made the first move. This is usually calculated by giving White

a 6.5 point head start.
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hile lifesometimes forcesyou to rely on chance, cards are agame The ability to gain the upper hand ina situation with a high degree
\ / \ | of cold calculation.Although the luck of the draw is, of course, of uncertainty depends only on the player's ability to qualitatively

up to fate,the game itself is not. The player'smain trump evaluate the opponent's cards and make the best decision. Luck is just
cards are pure reason and self-control. an idle spectator watching the mind games from the sidelines.

SUITS

It's easier to see patterns

if you associate the cards with

something familiar. For instance,

you could relate them to the seasons

of the year. Construct a deck Cards can decide your fate, so it's only

fittingthat themostpowerfulcards
are representedbypowerfulfigures.

Cardswiththevalues2-10 aresimplynumbered,
while11,12and 13are the"facecards"— theJack,
Queenand King.TheAce,usuallyassigneda value

of1,actsas a coatofarmsfor thesuit.

of 52 cards, one for each week

of the year. The deck should have four

"seasons: two black suits and two red.

Assign each its own name and symbol.

Creating the visual component is its own

art form — every artist can build their own world.

JOKERS
Dependingonthegame,youmayuseeithera fullorpartial

These kinds of playing cards gain an aesthetic value as well.

Card games give you the opportunity to delve into a world

of combinations and patterns, so they need to be somehow deck (usually cards with a value of 6 and up). For some games,

tied to numbers. Assign each card a different numerical you might add two more cards: a red and a black joker.

value from 1-13. They are not suited and may be used as wild cards.
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POKER

Poker is one of the most exciting and dynamic card games out there.

But there has to be something important on the line. Playingwith stakes

makes everything juicier.Everyone throwsa little into the communal pot
when they makea bet. Poker usuallyuses a full deck of $2 cards and can be
played by 2 to 10 people. At the beginning of the game, the dealer hands out

two cards, face down, to every player. The two players to the left make the first

mandatory bets. Now begins the acting,mind reading,psychologicalgames
and, most importantly, the betting! Playerstake turns ina circle,starting
with the person to the left of the dealer. Everyone can:

+ Makeabet (somethingofvalue)
-» Call bybetting somethingof equalvalueto the highestbet
e Raise by betting somethingof ahighervalue
e Fold by handing in your cards and forfeiting.
e Check and bet nothing if your bet is already the highest or if everyone else

has checked. The betting ends when everyone has either called the highest

bet or folded. If everyone folds but you, you win that hand!

After the first round ofbetting, the dealerplaces the first round of three
“community cards” face up on the table. Players use these cards along with

the cards in their hand to create certain combinations that are assigned

different values.

PokerHand Rankings
(from highestto lowestscore)

1. Royalflush — thefe highestcards
ofanyonesuit

2. Straightflush —fivecards
in a sequence, all in the same suit

3. Four of aKind — 4 cardsofthesame
rank,oneofeachsuit

4. Full house — 3 of a kind with onepair

5. Flush — any S cards of the same suit

but not in a sequence

6. Straight — S cards in a sequence

but not of the same suit

7. Threeof akind— 3 cards
ofthe same rank

8. Twopair — 2 differentpairs

9. Pair — 2 cards of the same rank

10. High card — whenyou can’t make

any other hands, the highest card wins

PLAYING CARDS

After seeing this first round of community cards, players take this new

information into account and the next round of betting begins. Once this

is over, another community card is placed on the table.

Another round ofbetting follows,and the last community card isplaced
(there should beS in total). Thisis followedby a finalround ofbetting, and

_ifthere aremore than two playersleftat the end (i.e.,they didn’tfold), then all
playersstill in the gamerevealtheir cards.Whoever has the best hand wins.
If there's a tie, then friendship wins — the pot is split.

Remember, you don’t alwaysneed a good hand to win. Sometimes you just

need to know how to play a bad one and have a good poker face.What matters

is not the hand you actually have but the hand your opponent thinks you have.

Count cards and analyze what cards the other players could be holding.

You can bluff and pretend that you have very good chances of winning, put

psychological pressure on your opponent by raising the stakes or fold and bow

out before you lose all your chips. But you must never let your opponent know

what's going on in your head. This is the art of the game and the only chance

of winning.
i



ll the world's a stage, and we are merely players. And the rules

of the game are intricate and complicated. Some follow them

unquestioningly, some try to cheat and some toe the line between

the two. Determining the winner is a difficult task. There are infinite variables,

and fortune and fate have a hand in things. There are no unbiased judges.

..Bass
be

THE MILL

To play The Mill,you will need a board marked as shown and9 chips of 2 colors.

Use lots to determine who playswhich color and who starts first. The playing

field contains 24 points. Playersstart phase 1by taking turns placing their chips

on any free point on the board. The objective is to build a “mill? or arow

of three same-colored chips. Once a player has succeeded, they can remove

an opponent's chip from the field.Chips can onlybe removed from mills
if no other chips remain to be removed. When all the pieces are on the board,

start playing: take turns moving the chips to any adjacent free space while

trying to build a mill.

Perhaps that's why people invent games: They're simulations of real life

that follow strict patterns of behavior and interaction with the enemy

in the struggle for victory. But there are also those who play only against

themselves, and there are no winners or losers — only spectators.

PURE TEESSTITTIITT ea
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Ifyou manageto build two in one turn, then you removetwo ofyour opponent's

chips. Amillcanbe formed in the sameplaceseveraltimes,but the playercan

onlyremovean opponent's chip afterthe firstone.When one of the players

is leftwith only 3 chips,they get an advantage:During their turn, they can start

rearrangingtheir chipsfreely,without heeding the “oneadjacentpoint per move”
rule,while the other playercontinues to playby the old rules until they,too,have

only 3 chipsremaining. Aplayerwho can no longermakea move or has fewer

than 3 chipsleft losesthe game.
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GAMES

Youmustbeverycareful: Placea secondblackchecker
theslightestinaccuracycan on thecheckersthat should
disruptthedevelopment die.Put whitecheckers
ofthewholesystembecause __inplaceswherenewshapes
all transformationsoccur willappear.
simultaneously.

To start, build an arbitrary figure of 5-8 chips

on the field. This is your organism. Then arrange

pieces according to the rules of the "geneticlaws":

« Existence: A piece with 2 or 3 free
spaces next to it is alive.

e Extinction: A piece with 4 or more

neighborsnext to it dies due
to overpopulation.A chip with 1
or no neighbors dies of loneliness.

¢ Birth: Anew piece is born on each

empty cellwith exactly 3 chips

adjacent to it.

The ultimate goal of the game is to find new

organisms with interesting properties. Shapes can

behave in different ways. Some die as soon as they

appear. Others grow to fill the whole space, and

still others are constantly transforming.

THE GAME OF LIFE

THE GAME OF LIFE

Removeanydyingcheckers
and replacethewhite
newborncheckerswithblack

"Life"can hardly be called a game. It is, rather, a scientificabstraction, capable

of imitating anything from the development of civilizationsto the behavior

of social groups. Youwill not have an opponent. The patterns havea life

of their own, givingyou the role of a spectator who monitors compliance

with the "geneticlaws”that govern the movement of the pieces. Justlike our

own, the universe of the game is constantly expanding, so the playingfield

is a theoretically infinite grid. Each cell is bordered by eight others, and these

neighbors have a direct effecton the cell.While it may not be within your

capabilities to make a truly infiniteplayingfield,the bigger it is, the longer and

more captivatingthe game willbe. In the future, you can even make boxeswith

ones. smalllightsinstead ofplayingpieces to makegameplayevenmore spectacular!

"Ships"can travel
indefinitelywithinthespace
oftheuniverse,Theyare
importantbecausetheyform
newconfigurationswhen
theycollideand canbeused
to transmitinformationover
longdistances.

R-pentominoeslive
for a verylongtime.
Suchfiguresstabilizeonly
after1,103generations.

Try creating“gliderguns”that shoot out new
shapes,"puffertrains"that drive acrossthe field
and leave trails of exhaust behind them and so on.

Stable patterns that don’t
change over the generations
are known as ‘stilllife,”such
as the beehiveshown here.

Thisconfiguration,the “hard
nut,”suddenlydisappears
after130 turns.

The gameends if there are no livingpieces left
on the field,the configurationof the gameboard
is an exactreplicationof a previous state
or the systemhas stabilized(none of the cells
are able to changestates).

oo
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of free expression — it’s impossible to determine how

o playis to be free.Playis one of the ultimate forms QD ie)

exactly a game will develop or to anticipate the final

score. At the same time, games usually impose a set
of rules and conditions that aren't present in the real

: £ mae itworld. The main purpose of the game is simply to playi Fes ee

2. Startingspaces
concepts and allow us to acquire new skills. Playing 3. Gameboard

‘G sR é

When we do, we solve problems that teach us new
<5
()

is one of the main ways we communicate with

each other and with our own inner worlds,

both real and imaginary. Games teach us that

if we are unsatisfied with our own reality,

we can alwayschange it.

GAME SETUP

1. Find 20 playingpieces
(coins,rocks,buttons, etc.).

2. Place the game board between

the two players.

3. Each player takes 10playingpieces
and places them in front

of themselves.

4. Each player takes S of their pieces

and places them on each of their

starting spaces.
5. Choose the first player in any way

you want.

HOW TO PLAY

Playerstake turns. On your turn,

you must perform one of the following
actions: Place a New Piece

or Move and Attack. Let's look

at the action in more detail.

Place a New Piece

If at leastoneofyourstartingspaces
isunoccupied,you mayplacea newpiece.
Todothat, takea playingpiecefrom
yourreserveandplaceit onanyofyour
unoccupiedstartingspaces.

Repeating moves
The current player may declare a draw

iftheopponenthas repeateda seriesofmoves
threeor moretimesthat resultsin thesame
arrangementofpieceson thegameboard
on theopponent'sside.

End of the Game and Victory
Thegameendsimmediatelywhenone
oftheplayersdestroysfiveopponent'spieces.
Thatplayerisdeclareda winner.



Move and Attack
Chooseanypieceon thegameboardand moveit to an adjacentspace.
Movementrules:
¢ Piecescanmoveforward,backward,leftand right

but not diagonally.
e Aspacecancontainup to I pieceat a time.
« If aspace isoccupiedbyanotherpiece,youcan

jump overthat space.
e If thereareseveraloccupiedspacesin a row,you can

jump overallof them.

Exception: Theplayingpieceisnotallowedtojump overthedividingline
in the middle or the boundaries of the game board.

Attack Rules

Afteryoumovetheplayingpiece,it "shoots"
towardtheopponent.Therangeofattack
isequalto thenumberofpiecesbehind
theactivepieceplus 1.

Example: Youmovedthepiece1space
forward. Thereare2 morepiecesstanding
behindit. Therefore,thepieceattacks
the3" space(markedwitha lightningbolt).

Failed Attack
If theattackedspaceisemptyor containsyour
ownplayingpiece,nothinghappens.

SuccessfulAttack
If theattackedspacecontainsan opponent's
piece,it isdestroyedand removedfrom
thegame,Taketheattackedpieceofftheboard
and keepit as a trophyseparatefromyour
reserve.Afterthat, returnallyourplaying
piecesthatparticipatedin theattackback
to your reserve.

Example: Theplayeron thelefthas
successfullyattackedtheopponent'spiece.
At theendoftheturn theytaketheopponent's
pieceas a trophyand return theirownpieces
thatparticipatedin theattack.Specifically,
thepiecethat ledto theattackand the2pieces
behindit. Thepiecestandingat theedge
of the game board did not participate
in the attack, so it remains on the board.

iS
Ee aaa
Ses

SRilca
Sean.



he world through a child’s eyes is always a bit different. Achild can

invent a whole world just by playing with pebbles, They come up with

characters and stories for their toys, inserting their own world into the

one that surrounds them. Crickets become musicians, fish learn to talk, and

mice dance ballet. Mechanical toys called “automatons” can add their own

life to the world of the child, broadening that teeming universe even further.

CHARACTER

It all starts with a character, but giving a toy character is not an easy task.

Everything matters here: facial expressions, posture, abilities. Whether it's

a little mouse, a huge spider, or even a shrimp—with your imagination,

characters can acquire personalities, interests, or even jobs. An automaton

can be everyone or anyone!

I

acaREDALEATATULTRETOTESERAT

ACCESSORIES

As soon as you decide on a character, it's time to pick accessories. Give the

mouse an umbrella if it's raining, or put it on a bicycle. Give your shrimp a

violin and trombone. Frogs can have spear toothpick-weapons —and don't

forget about armor. This way,you'll create a whole world with its own rules.

Then it's just a matter of making it move and dance.



MECHANICAL NODES

Humanity has conquered the energy of motion and learned to transform it.

There are a huge number of mechanisms serving different purposes. Some of

them can help you bring the world you've created to life.

fm

Eccentric (1) —a disk ora sector of a disk mounted

on a rotating shaft so that the axis of rotation of the

disk is parallel but does not coincide with the axis

of rotation of the shaft, to convert rotary motion

into linear motion, like half pulley mechanism.

Maltese Mechanism (2) —a mechanism of

intermittent motion that converts uniform rotary

motion into intermittent rotary motion.

__ This mechanism is used in clocks

‘-=~ and film projectors to make the

turning of one big gear power

different movements of smaller

ones.

Cam Mechanisms (3) are

designed to convert the rotary

or linear motion of a cam into

reciprocating-rotary or reciprocating-

linear motion of a pusher, like in an electric

toothbrush or tattoo machine.

Endless screw or worm gear (4) - a mechanical
transmission accomplishedby the engagement

of aworm and its matingworm wheel, to convert
angularvelocityand torque.
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DELICATESSEN

ood is, of course, important for its caloric and nutritional value.

But it’s also so much more than that! Food is an opportunity

for personal growth and self-expression. New flavorsand sensations

cause new connections to form in your brain, and a good meal can heal more

than just your body. Youknow what they say — you are what you eat.

So why not create the best version of yourself bypreparing a well-balanced

meal? It’stime to learn how to make sushi. The only thing you'll have

to cook is the rice. This is the main secret of sushi: do not complicate

what can be done simply.

—_
.

Roe

Rice

Nori

. Cucumber

. AvocadoAnkwrn
Crabmeat/surimimadefrom crab

or whitefish (freezethefishfirst to kill

mostkindsofparasites)

WASABI

‘There'snot just a method to preparing sushi — there's also amethod to eating

it. Add wasabi, the grated root of a special kind of horseradish. Mix it with soy

sauce, a fermented product of soybeans. This creates acombination of all five

flavors: sweet, bitter, salty, sour and umami. Dip the sushi in fish-side first,

and do not allow the rice to soak in the sauce or it will absorb too much.

Better yet, use a piece of ginger as a “brush.” Learn to use chopsticks instead

of a fork — you need to eat the sushi whole, as biting into it or breaking it

with a fork will ruin its structural integrity.

GINGER

You can’t go straight from a piece of nigiri with salmon and eel

to a futomaki roll — the tastes will clash. Use pickled ginger as a palate

cleanser. It overpowers any lingering flavors and prepares your taste buds

for new experiences.
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Nigiri GunkanMaki
A rectangularmoundofricetoppedwitha thinsliceoffish, Namedafterthebattleshipit resembles,gunkanmaki
squidorotherseafood. isa rectangularmoundofricewrappedindriednori

(find thisseaweedgrowingon thebottomofseafaringboats).
Load the "deck"oftheboat withroe,seaweed,finelychopped
fish marinatedinsauce,etc.

Futomaki Temaki(hand roll)

Large(3—4cmthickand 4-S cmwide)makiwith Large,cone-shapedsushiroll.Usuallyeatenwiththe hands,
severalfillings. as it is tooheavyto beliftedwithchopsticks.

Oshi (pressedsushi) Inari
Sushiin theform ofdenserectangularbarsconsisting A bagoffried tofuor omeletstuffedwithrice.
oflayersofriceandfillings.

Chirashi
Sushifor the lazy:a plate ofricewithfish and other
toppingslaidon top.

RICE

The most important element of sushi is properly cooking
Bessenets

the rice. It should be sticky while maintaining its structure.

Round white rice works best. Rinse 500 g of rice with cold water

§ times, cover with clean water and leave to soak for 15 minutes.

Bonfiaalll]

Place in a heavy-bottomed saucepan and cover with water

ina 1:1 ratio. For flavor, add a piece of dried nori seaweed

(but remove it just before water starts to boil). Bring to a boil over

high heat and wait for the excess water to evaporate. Then reduce

heat and cook for another 30 minutes. Let the rice sit.

Add seasoningswhilerice isstill warm:
© Mix 125 mlofricevinegar(mirin)and 20gramseachofsalt and sugar.
« Heat the mixtureoverafire withoutbringingit to a boil(about5 minutes).
e Add 1Sg ofkombuseaweedand letsimmerfor about an hour

(Thisisan optionalingredient.Withoutit, the ricewillstillbesticky
and tasty,but kombuadds a complexityofflavor).

¢ Mix into rice and allow it to sit for an hour.

orDPDat—

\

Maki (sushi roll)
Riceandfillingsrolledin a sheetofseaweed.If thereisa single
filling,it is ahosomakiroll.Maki ismadeusinga bamboo
mat.Laydowna sheetofnoriand spreadriceon top,making
sureto leavea lipat oneend tosealtherolltogether.Place
fillingson onesideand rolleverythingup.Cut intopieces
witha largeknifesoakedin coldwater.

Uramaki =
Outside:ricesprinkledwithcaviarortoastedsesameseeds.
Inside:a layerofnoriandfilling.

Narezushi

Thisisactuallyawayofpreservingfish.Thefishissalted
in barrels,mixedwith raw riceand placedundera press.
Aftera period ofsix monthsto threeyears, the dishis ready.
Thismethodallowsyou topreservethefish overlongperiods
of time.
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ontent yourselfwith perfecting

( the basics or constantly strive to find

the newest, freshest ingredients?Whip

up a quick broth to satisfyyour hunger or spend

a year preparing the sauce?With ramen, there's

infinitepossibility: try something new and tweak

your recipe. Keep experimenting, changing

the broth, toppings and sauces.Each has its own

harmony. The most important step is finding

a starting point. The recipe can of course

be simplified,but ifyou want to do it “right,”

the preparation takes an extremely long time,
even if the dish itself is assembled in only
a few minutes.

Theramenbow!mustbepreheated.Mix motodaresauce
withafragrant oil(maketheformerfrom anypowdered
seafoodproductand extractthelatterfromplants)
then add to the noodles.Pour your broth over the mixture.
Thefinishing touch is toppings:pork, chicken,fish, eggs
marinated in soysauce, bamboo shoots,etc.Add soysauce,
ginger and garlic to taste.



DELICATESSEN RAMEN NOODLES

Pork broth—Tonkatsu
1.5kgpork boneswithfat (addpork hooves
and tailsfor richness)
Sesameoil(to taste)
J largeonion
I headgarlic
1smallpieceginger
2 leeks

. Coverpork bones,fat and hooveswithcoldwater
untilcompletelysubmerged.

. Put on highheat and bringto a boil.
- Coarselychoptheonion,garlicandginger.Fry in hot

sesame oil until charred. All the ingredients should

turn black.

. After the broth comesto a boil,pour it out and rinse
the bones with cold water.

. Take the cleaned bones,charred vegetablesand remnants

of theoilin whichtheywerefried andplacethem
in a saucepan,coverwithcoldwaterand bringto a boil.

. Skimoffthefoam, reduceheat and cover.

. Leavethe brothtosimmerfor at least24 hours.
Openthelidperiodicallyand add water.Thebones
shouldremaincompletelysubmergedin theliquid.

NOODLES

Made from four main ingredients: wheat flour, salt, water and kansui,

which is essentially alkaline water (a mixture of potassium carbonate

and sodium carbonate in varying proportions). Kansui gives the noodles

elasticity and acts as a preservative. You can substitute kansui with roasted

baking soda: pour on a baking sheet and roast at 170-200°C until

_

Motodare sauce

Thisgivesthe ramena special,richtaste.
Mix thefollowing ingredients:

e

Anchovies marinated in soy sauce for a week

Dried algaemarinatedinsalinesolutionfor aweek
Dashi broth.Make byplacinga pieceofdriedkombu
seaweedin a saucepan,coverwitha literofwater
and letsit for20 minutes.Thenput onmediumheat.
Beforeboiling,takeout thekombu,add bonitotuna
shavings(cookedtuna whichisthensmoked,dried
and cut intothinslices).After3 minutes,strain
thebroththroughafinesieve.
Sake or rice wine

Rice vinegar

the bakingsoda loses 1/3 of its mass (this maytake a couple ofhours).

INSTANT NOODLES

A very practical recipe — it keeps for a long

time and cooks up quickly.Boil the noodles

for 1.5-2 minutes. Rinse in lightly salted water

to remove excessstarch. Separate into portions
and form into blocks. Fry into shape in boiling

vegetableoil.

Miso broth

500 g soybeans
500 g Kojirice(a grain grownwithAspergillusoryzae
mold).Enzymesproducedduringkojifermentation
breakdowntheproteinsand starchesfound in soybeans
intoamino acidsand sugars,whichgivethe dish its
umamiflavor (page 100) and sweetness.
215 g sea salt

3 tsp soy sauce

1 tsp sugar

I staranisepod

- Rinsethebeansand soakin coldwaterfor at least
18 hours.

. Rinseagainand cookuntilsoft.

. Pour halfaglassofwarmwaterintothericetopartially
rehydrate,add salt and stir.

. Mash the beans into a paste.

. Add rice and stir.

. Roll the resulting dough into balls, place them
in a container and press them down slightly.

. Sprinklewithsalt,coverwithclingwrapandplace
a weighton top.

. Leave the misopaste toferment at room temperature

for a year.
. Combineyour misopaste (2 tablespoons),soysauce

and sugar. Bring 750 ml of water to a boil,

add the mixture and star anise. Bring the broth

to a boil again.
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odern life moves fast, constantly striving to build up industries and

producenewgoodsandtechnologies.Soonthefoodindustrywill
followsuit. But fast doesn’talwaysmean good.

BURGERS

Fast food, by definition, must be calorically

dense in order to satisfyhunger quickly.

But the quality of caloriesvaries greatly.

Choose the right ingredients to make sure you

get enough of everything you need: proteins —

poultry, nuts, meat, fish; healthy fats — oliveoil,

avocado,oily ocean fish; and carbohydrates —

grains, sugar,honey, cereals,fruits,vegetables.

Cut the bun into two halvesand place the filling

in between. Topping possibilities are limited only

by your imagination: pile veggies,herbs, cheese,

tofu, bacon and/or eggon top ofyour protein
(meat or fish).And don’t forget — sauces are key.

MAYONNAISE

Separate the yolks of two room-temperature eggs.

Whisk together with 14teaspoon of mustard,

1 teaspoon sugar, 2 teaspoon lemon juice

(or apple cidervinegar).Pour oliveoil over
the mixture in a thin stream, whisking constantly

until it reaches the desired consistency. Add

another '4 teaspoon of lemon juice. Whisk.

The mass will thicken considerably.
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DELICATESSEN FAST FOOD

TACO

Place the filling— beef, pork, chicken, seafood, refried beans

and/or vegetables — into a thin corn or wheat flour tortilla.

Even stewed cactus pulp can be a good filling!Then pile high

with cheese, cilantro, onions, salsa and guacamole. To make

the latter, cream an avocado and add tomatoes, cilantro, lime

juice and spices. Salsa is just finelychopped tomatoes
with onions, celery, chili and lime juice.

FRENCH FRIES

Deep-frying is acookingmethod using large quantities of oil heated
to 130-180°C. This allows you to quickly cook dense foods such as potatoes,

as well as soft cheese balls, pieces of meat, etc. Put the food in a sieve,

wire tray or any other mesh container, and then immerse it fully

in boilingoil for a coupleofminutes.The oilmust completelycover
the food, so make sure you have a big enough pot before you start.

HOT DOG

Grind your meat of choice and mix in egg, milk, butter, salt and

spices to taste. Minced onions and garlic also make good additions.

Hand-roll your meat mixture into sausage shapes or pipe it into

the intestinal lining of a cowor other animal.Whenever someone
gets a hankering for hot dogs, just fry or boil them directly
in the skin.Placeyour hot dog in a premade bun (page 94), season

with saucesand add fresh,pickled or fried veggies,herbs, cheese
or any other toppings you like.



SOFT.

na developed civilization,you can get bored consuming ordinary liquid
that's nothing more than just necessary for life. The soda making machine

can be a perfect intersection of fun and functional as it will add tickling

bubbles, sweetness and many different flavors to the water. At the same

time, fizzy drinks can be stored longer because carbon dioxide preserves

and suppresses the development of pathogenic bacteria.

[388 }

DELICATESSEN

Construct an apparatus that will carbonate

beverages at the press of a button. Your participation

is limited to installing the necessary components

and periodically maintaining them.

The first and only step of carbonation is infusing

water with carbon dioxide.The simplest way
to do this is through chemical reactions between

natural carbonates — for example, marble,

limestone or chalk — and some sort of strong

acid, such as sulphuric or hydrochloric. Unstable

carbonates such as soda or potash (page 24) decay

in even the weakest organic acids, such as the citric

acid contained in lemon juice.

To dissolve gas in water, you'll need several

separatevesselsthat sealtightlytogether:
¢ Inthe lower vessel (1) place the carbonate

minerals and acid for generating the gas. Install

a separator valve (3) that will allow gas to rise

into the middle chamber while preventing

the water from escaping.

« Fill the middle vessel (4) with the water (5)

you want to carbonate. It’s better if it’s

pre-chilled — gas dissolves better at low

temperatures. Fit a tap to the bottom of this

vessel so you can drain the prepared soda

water (10).

e The upper vessel (6) serves to receive

the water from the middle vessel that is

displacedby the bubbles — and pushed up
the curved tube (7) — while maintaining

an air-tight seal.

1. Chamberwith natural carbonates
2. Acidinputspigot
3. Separatorvalve
4. Saturator (wherethewater

is infusedwithgas)

5. Waterinput
6. Expansiontank
7. Curvedtube
8. Syrupmixer
9. Syrupdistributinghandle
0. Drink dispenser



DELICATESSEN SOFT DRINKS

For a simpler carbonation method, add around a teaspoon each of baking soda

and citric acid (you can substitute with the juice of 1 lemon) to a liter of clean,

cold water, mix — and voila! Plain carbonated water can also be transformed

into a light energy drink. ~

1. Finely zest 2 oranges, alemon and a lime. Extract the juice from the pulp %.of the fruit. : (

2. Add the zest, 300 g of sugar, 2 teaspoons of coriander, a teaspoon

of cinnamon and a pinch of nutmeg to a liter of water. Stir.

Hn. Bring the mixture to a boil and keep it there for a few minutes.

4. Prepare the caramel: combine 1 tablespoon of water and $ tablespoons

of sugar in a saucepan on low heat until the sugar dissolves. Then add a cup

of hot water and boil for 30 seconds.

5. Remove the citrus zest mixture from the heat and add the freshly squeezed

juice, a teaspoon of vanilla extract and caramel.

6. Stir 2 tablespoons of ground coffee into 150 ml of boiling water and let it

steep for 10 minutes. Strain and mix into syrup.

7. Wait for the mixture to cool and put in a cold place overnight. Then strain.

8. Mixwithsodainaratioof1:1.
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n low spirits? Concentrate the best moments in life by distilling your own

alcohol. Distillation is a process that purifies and increases the alcohol

content ofyour fermented beverages.

First, your raw ingredients must be fermented. However,

the container can get contaminated by unwanted airborne

strains of yeast and mold, which will produce toxic acetone,

butyl alcohol or butyric acid. To prevent this from happening,

add a proven leavener, such as the one you use for beer, bread

or cheese (pages 106, 94, 104). To speed up the process, warm

the raw materials over a low fire.After the raw materials are

fermented, filter the resulting mash or the solid particles will

burn and spoil the taste of the drink. Now you can proceed
to distillation. Place the mash in the distillation flask (1).

The alcohol evaporates at a lower temperature than the water,

effectively separating the two liquids and increasing the ABV

of the final product. Cool the alcohol vapors in a coil (3).

u
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Seed

After it evaporates, the alcohol is not completely purified and

still contains trace elements of other substances. Use only high-

quality raw materials for the mash, or the drink will end up

tasting rotten. Place a gin basket (2) between the distillation

flask and the coil then fill it with fragrant plants, such as juniper,

anise, wormwood or citrus zest. The alcoholic vapors will

carry the aromatic components alongwith it, enriching the

flavorof the finalproduct. Pour offthe first fewcentimeters
of the distilled alcohol — they contain methanol and acetone,

which are unfit for human consumption, And be sure to stop

the distillation process before the heavy amy] oils evaporate

and spoil your drink.

DELICATESSEN

Any sweet or starchy liquid will do: juice, pomace, crushed grains mixed

with water. Experiment with different raw materials, fermentation methods

and flavorings to create a wide variety of drinks. Here are just a few ideas.
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DELICATESSEN ALCOHOL

Tequila
Useblueagaveasyour base.Bakethefruit ofthe cactus
to breakdownthecomplexcarbohydratesintosimpleones
thengrind intoa pulp.Theresultingmashmustbefermented
and thendistilled.Dilutetheresultingalcoholwithwater
until it reachesthedesiredconcentrationand agein barrels
for severalmonths.

Vodka
Thefirst stepispouringboilingwateroverwheator any
othergrain (page54). Afterfermentationand distillation,
thealcoholmustbepurifiedevenmorein a processcalled
rectification(page118). Thenrun it througha charcoalfilter.
Dilutetheresulting96%alcoholwithwater to40%ABV
then bottle.

Vermouth
Wine with added herbal notes. Allow the herbs to steep

in thewinefor severalweeks.Cinnamon,citruszest and
wormwoodare allgoodflavoringoptions.Distill the infusion.
Pour the resultingalcoholintoa newbatchofwineto diluteit,
allowit to ageand bottle.

Brandy
Usegrapesgrownin humus-carbonatesoils(page62).
Such varieties willgive the distilled wine a unique taste and

aroma. Finally, achieve the desiredflavor by aging the wine

inwoodenbarrelsfor aperiodof3-15 years— andsometimes
evenlonger!Goodthingscometo thosewhowait: Thelonger
it ages,thedeeperand morecomplextheflavor.

ENS
Rum

Usesugarcanejuice— or moreprecisely,sugarcane
byproducts(page102) — asyour base.Afterfermenting
and distilling,pour the rum intobarrelsand set
in the cellar to age.

Liqueurs
Infusevodkaor brandywithberriesand/orfruits and letit
brew.Again,thequalityofthedrink dependson theaging
period:from severalmonthstoseveralyears.Onceaged,
filter the tinctureor distillonceagain.Can alsobemixed
withfruit syrups.

Whiskey
Takemalt (page106)from sproutedbarleykernels(you
canalsousewheat,ryeor evencorn).Mix thegroundgrains
withwaterand heat to obtainwort.Distillthefermented
wort,pour intooakbarrelsand letrest— ideally,for about
10-15 years.Yourpatiencewillberewardedwhenyou take
yourfirst sip ofthisearthy,full-bodiedbeverage.

Gin
Distill grain alcohol.Add juniper berries, a little lemon

or orangepeeland other herbssuchas anise,fennel,
cinnamonand coriander.Thendistillagain. Awell-prepared
gin issharp, dry and has a distinctjuniperflavor.

Absinthe
Make an alcoholic tincture from a variety of herbs —

anise,fennel, angelica, lemon balm, chamomile and, most

importantly, bitter wormwood, which contains an essential

oil that imbues the drink with its unique taste.



ot everyone enjoys life straight, no chaser. Those who need

a spoonful of sugar with their medicine should try their hand

at cocktails.These drinks come ina variety of flavors,from complex,

unfamiliar,boundary-pushing beverages to familiarfavorites.Finding the right

ingredients is the most important step to soften heavy drinks and make them

easier to enjoy.

BloodyMary

Pina colada

It’sbest if you avoid mixing more than four or five non-alcoholic ingredients

and two alcoholic ones (one for the base, the other to add flavor). The only

shared ingredient in 99% of all cocktails is ice. It’s important to pay attention

to proportions and mixing techniques.

To accomplish this, use a metallic vessel with a lid, known as a shaker (1),

to thoroughly combine all of your ingredients. Fill with ice first then add

your alcohols and ingredients of choice — from lowest to highest ABV.

There are two main mixing techniques:

Oldfashioned

adds a pop ofcolorandflavor.

Mojito

Ina chilledhighballglass,pour 150mltomatojuice.
Gentlyadd 40 ml ofvodkabypouringit overa bar spoon(2)
so it doesn’tmix withthejuice.Add salt andpepper to taste
and afew dropseachof hot sauceand sourfermentedsauce
madewithvinegar,sugarandfish.Iceand lemonjuicecan be
added to taste.Garnishwith a celerystalk.

Ina blender,pour 60 mloflightrum,30 mleachofcoconut
creamor milkand regularcream,180 mlofpineapplejuice
and crushedice,Blendfor 15secondsthenpour thecontents
intoa glassandgarnishwitha sliceofpineappleand a cherry.

Placea lumpofsugar in a lowballglass.Add 2-3 drops
ofwaterand a bitter tincturemadeoforange,ginger,nutmeg,
clovesand cardamom.Crush thesugarand bittersmixture
intoa kindofsyrupthenfill theglasshalfwaywithiceand
add 25 ml ofbourboncornwhiskey.Mix thoroughly—
thisallowstimefor theglasstocooland the ingredients
to start interactingwith eachother.Add moreiceand another
25 ml ofbourbon.Stir again thengarnishwith orangepeel.
Thetasteshouldbelightand slightlytart. A cherryon top

Place3-4 sprigsofmint leavesin a tallglass,thenadd
2 teaspoonsofsugarsyrup(ideallycanesugar[page102])
and limejuice.Muddlewitha bartender’spestle(3) —
but not too hard or you may release the bitter components

in the mint. Fill a glass to the top with crushed ice.Pour

in 40 mloflightrum and 150 mlofsodaorsodawater
(page390). Stirwitha barspoonto reincorporatethemint
leaves.Garnishwithafreshsprigofmintand a wedgeoflime.

DELICATESSEN

Ingredients may include liqueurs, juices or even cream. All elements, both

alcoholic and otherwise, should enhance and highlight each other. The secret

lies in the balance between light and rich, strong and weak, sour and sweet.

Experiment and have fun! Try a couple of time-proven classics to get started.

But even here, there’s always room for improvisation

Long shake — As the name suggests, this involves vigorous shaking over

a longer period of time and is used for drinks that contain pieces of fruit

or berries, spices and herbs.

Dry shake — This is used for thick, smooth, homogenous cocktails, No ice

is required here unless the drink contains eggs, milk or cream. Stick a large

metal coil in the bottom of the shaker to speed up the process and integrate

the ingredients more effectively. Shake then strain to remove any small pieces

of fruit or ice that may remain.

[ 392J
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DELICATESSEN COCKTAILS

Margarita
Moistentherim ofa glasswitha sliceoflimeor orange,
and thendip intoa saucerofcoarsesalt to addflavorand
countertheharsh tasteofthetequila(page390). Mix
30 mlof tequila,20 mloforangeliqueurand 30 ml of
freshlysqueezedlimejuicein a shaker.If it tastestoobitter,
add sugarsyrup.Put icein a glassandpour theresulting
mixtureon top.

Tequila Sunrise
Freezewaterinan icetray(4) andfill a highballglass
withcubes.Pour SOml tequilaand 10 mlgrenadine
(a thick,sweetsyrupmadefrompomegranateseeds)
overthe ice.Toobtain pomegranate juice,put the seeds
through a press (S) to removethepulp. Topup with orange
juice and stir gentlywith a cocktailspoon.While stirring,
press the spoon against the sidesof theglass so that the back
of the spoonfaces out and you don't break the icecubes.
Garnish with an orangewedge.

Martini

Ina shakerfilledwithcrushedice,mixSOmlgin and a dash
ofvermouth(page391) thenstrain andpour intoa glass.
Thedrinkwillbecold,but the icewon'tchangeor dilute
theflavor as it melts.Add an oliveandgarnishwith
a lemonwedge.

Cosmopolitan
Fill the shaker with ice, 40 ml vodka, 15 ml Cointreau

(a strongorangepeelliqueur),30 mloffruit juiceand 15 ml
oflimejuice.Whiskthoroughlyand strain intoa chilledglass.
Garnishwitha twistoflimepeel.

Bythe way,a bartender’sspoon(2) isa handy tool.
Add an additional toolto the other end,suchas a pestle,
fork orflat discthat can beusedto layerdrinks.
If thehandleisspiralshaped,it can beusedtoreduce
theflowrate ofa liquidasyou add it intoyour drink.
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DELICATESSEN

ome foods fillour stomachs and help our bodies stayfit and healthy. Add a dessert at the end ofa meal to feedboth your bellyand your soul,livenup

Balancedmeals with the proper proportions of complex carbohydrates, your taste buds and giveyourself aquick dose of happy hormones. A little

proteins and fats giveus the strength and energy we need to faceour something sweet can reallygo a long way.

day. But what a bore! Despite what you may think, the essence of human

happiness is actuallyquite prosaic: hormones.

MOCHI

Unsweetened rice (page 70) makes for great

desserts. Use a starchy, round grain, matte rice.

Soak it overnight, boil it and grind it in amortar.

Add a little water and use a wooden mallet to beat

and knead the rice until it becomes a homogenous

mass.

Roll this dough into balls then make a dimple
in the center with your thumb and press in fillings.

Anything can make a good filling: fruits, berries,

boiled beans, cream. Bake or pan fry the finished

mochi. Savor this dish slowly — the viscous rice

balls are easy to choke on.

TURKISH DELIGHT

Combine sugar, cold water and fruit juice

in a saucepan over low heat. As soon as it boils,

add cornstarch diluted with warm water

and cook for 15 minutes, stirring constantly.

You should get a thick, gelatinous mass.

Add nuts, place in a high-walledbaking

sheet and cool at room temperature.

Then set aside in a cooler place
for 8-12 hours. When the sugar has

hardened, cut into smaller squares

and roll in coconut flakes, powdered

sugar or cinnamon.
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CHOCOLATE LAVA CAKE

A childhood favorite of many, the lava cake

is achocolate souffle cake with a liquid chocolate

center. To make "lava"you need eggs, butter, dark

chocolate, flour, sugar and cocoa. Melt warm butter

and chocolate, stirring regularly. Beat eggs and

sugar to stiff peaks and mix flour with cocoa.

Then combine and mix thoroughly.

Butter small cake pans and sprinkle with cocoa

powder then fill three quarters of the way up

with your dough and bake them for 7-8 minutes

at a temperature of 180°C. Remove the fondants

from the oven when an oily film starts to form

on their surface. Transfer the prepared muffins

to a plate, garnish with powdered sugar,

chocolate chips or berries. Serve immediately;

otherwise, the molten core will harden.

CHEESECAKE

Cheesecake doesn’t need to be baked, making

it both delicious and convenient. For the crust, you

need shortbread dough or cookies. Crush them

into crumbs and mix with melted butter then press

into the bottom of a round cake mold. Now for

the secret ingredient:gelatin.

Mix your gelatin with lemon juice, water

and sugar. Place the mixing bowl in a warm water

bath and stir until completely dissolved. Whisk

together cream and cream cheese then combine

with the gelatin mixture. Pour the resulting creamy

mass onto the biscuit base and smooth. Store

the cheesecake pan in a cool place overnight.

Cee Se Once completely solidified, decorate with berries

jt POSc.a G / andfruits.
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Thegelatinmustbepreparedinadvance.Thistakes
time.Simmercowbones,horns,cartilageandjoints
inwaterfor 10hours.Collagenwillform onthesurface
ofthewater.Strainthebrothand cookfor afewmore
hoursuntila thickmassisformed. Thisjelly-likemass
can thenbedehydratedtoformgelatin.
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ood is one of life’smost accessible pleasures, but as with any earthly This means that if you understand the chemical composition, you can

Ff delight, you can have too much of a good thing. Eating the same experiment endlessly: highlight the main flavors,try new combinations

meal day in and day out quickly becomes a chore. But food can be and create unusual textures. Molecular gastronomy givesyou the opportunity

to elevate ordinary foods into extraordinary dishes and the permission to playdeconstructed and restructured in new and exciting ways using science.

The secret of molecular gastronomy is in cooking methods. All food products, __ with your food. You'll come out of the experience with a dish that won't break

like any other substances, are composed of chemical elements. your diet and a fresh new perspective on life.
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DELICATESSEN MOLECULAR GASTRONOMY

BORSCHT CAPPUCCINO

You're probably used to thinking of cappuccino as a coffee drink and borscht

as a main course. But what if we threw the rules out the window? To make

a borscht cappuccino, first chop an onion, grate a beet and a carrot and simmer

them all together in a pot with some oil. Add a tablespoon of tomato paste,

let simmer for another minute, and then adda liter ofvegetablebroth.
Keep the mixture at a low boil for 30 minutes. So far, looks like regular

borscht, right? Time to mix it up.

Process the borscht in a blender (page 276) and strain through a thick sieve.

Put the strained mixture back in the blender and add 0.1% of the total volume

of guar or locust bean gum. Obtain this by grinding guar or carob seeds

into a powder, which acts as a thickener and texture stabilizer. Pour

the resulting mixture into another bowl.Next, blend together half
a spoonful of cream with sauerkraut and strain. Add 0.7% of the volume

in agar.This substance is obtained from kelp algae (page 100). The agar

mixture must be brought to a boil, poured into another bowl and, after
thickening, blended once again.Now you need to turn the liquid mixture
into foam. This can be done using a soda maker (page 388). Pressurized gas

will saturate the mixture with bubbles, whipping it into a foam. And the added

guar gum will help the foam hold its structure longer. Pour the borscht into

a glassand add foam on top. Yourborscht cappuccino is ready.

STRAWBERRY FOAM

Blend together 200 g of strawberries, a few cilantro leaves, 14 g of balsamic

vinegar, 30 g of sugar and 150 g of water. Strain through a sieve.Add 1 g of guar

gum and pour into your soda maker. Your foam is complete!Just spray it into

a transparent glass to enjoy the full aesthetic effect.

mph df

CITRUS SPAGHETTI

Mix 400 ml orange juice, 25 ml thick orange syrup, 75 ml sugar syrup

and 25 g agar. Heat the mixture in a saucepan without bringing it

to a boil. Suckthe resultingliquid into a syringe (page 36). Use it to fill
along, flexiblerubber tube with liquid (page 116). Immerse this tube

in cold water for a couple of minutes to allowthe mixture to solidify.
Then reconnect the syringeand tube and use the pressurized air :
to push the orange spaghetti from the tube. Garnishwith : Ne

an orangewedge.

Perhapstheonlyrulein molecularcuisineisthat eyeballingmeasurementswon'twork.
Everygram counts.Gettheproportionswrongandyourorangespaghettiwillbecomeorange

to make spaghetti out of anything. The only requirement is that it can jelly.Buteventhat isan excitingnewtexture,so bythestandardsofmoleculargastronomy,

first be liquified. it wouldbea success!

It’s not imperative that you use oranges — this method can be used

f 397 |
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uman society is like a living organism, with cells constantly changing

form to fulfill specific roles within the body. The formation and

survival of a society is connected to the variety of the unique social

roles or models of behavior followed by all members of the community.

HOW TO CREATE YOUR OWN

RITE OF PASSAGE

1. Determine which social groups and roles exist within your society.

How do people move among groups? What functions do they fulfill?

What skills do they have? How do these groups change over time?

. Observe what exactly dies and what is reborn during the process of moving

from one role to another. It’sbetter if the rite is created by those who have

already undergone this transition, as they have a better understanding

ofwhat the initiatesare goingthrough. Thiswork isusuallybest

performed by people who havedeep,long-standingspiritualpractices
(such as meditation), aswellas experiencedshamans.

. Find a symbol that reflects this transition — the ritual will be centered

around this object.Theremust be three phases in the rite: lifebefore death
(the old role), death and rebirth (the new role). Remember that the death

in the ritual is symbolic— don’tmutilate your initiates.

age Beeoe

SSAGE SOCIETY,

Theserolesare associatedwith the stagesof an individual'spersonal

development— physical,psychologicalor spiritual— and with specificevents

throughout their life,suchasa girlbecominga woman,awomanbecominga wife,

and so on. If aperson gets stuckat a certain stageand isunable to naturallypass

into the next,it affectsthe evolutionof the entire society,sinceeachrole implies
the performance of unique functions necessary for sustaining society.

4. During especially important rituals, such as those associated with growing

up, the initiate may be asked to undergo certain physical and psychological

tests. For example, young men may be sent into the forest to learn how

to survive, manage their fears and aggression, feel confident in their abilities

and finally take responsibility for their actions and lives.
5. Instruct all members of the community on how to conduct the ceremony.

If the ritual itself is not a secret, think about how to disseminate this

information to the public.

[400]
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SOCIETY RITE OF PASSAGE

The process of changingroles is something that can be guided and celebrated For example,the ceremonyofknighthood commemoratesa boy reaching
using a rite of passage. During the ceremony, the initiate experiences manhood and makes him a member of the military aristocracy, and

the symbolic death of the former role and the birth of anew one, becoming a wedding reinforces the spouses’ promises to remain faithful to each other

a member of anew community with its own special set of rules. Because while simultaneouslyestablishingthem as “familypeople”and moving them

of this, both identity and responsibilities change drastically. into a new stratum of society.The ceremony can carryboth a sacredmeaning

understood only to those who havepassed through and a more practical one,

creatinga high levelofuniformity within a group and makingit easierto manage.

a
7a,

A 4,Mf

fasffi Be ~Ger SS



y nature, sentient creatures are aggressive creatures, From

an evolutionary standpoint, this trait was necessary to ensure survival:

satisfying needs, defending borders, dominating other species and

conquering new territories. Ifyou want to create a highly-developed and

sustainable civilization,you need to learn how to channel this aggressiveenergy.

One good tool for sublimating aggressionis football. This team sport allows

you to assert your superiority over your enemies not by shedding blood but

by scoring goals. Instead of immediately waging war on a neighboring village

or city,you can first sort out your differences and relieve tension with a quick

game before sitting down at the negotiation table with a cooler head.

To play a football match, you will need a leather ball, two goalposts with nets,

a mowed field or a city square and two opposing teams. The simplest version

of the game is to send any number of players onto the field and establish just

one rule: "Don't kill anyone." In this case, the main goal of relieving tension

will be achieved, but the game itself willbe little more than a giant brawl.

If you want the game to be entertaining for outside observers, you need

to come up with a strict set of rules. The players will have less freedom —

for example, they may be prohibited from touching the ball with their

hands — but the game will become more exciting to watch.

You must decide how many players can be on the field at one time and

which actions are legal and which are not, such as tripping an opponent,

and then provide penalties in the event these rules are violated. It's worth

considering the procedure for determining the winner if the teams are tied

when the timer runs out; otherwise, the game may end ina scuffle.

A referee will monitor to make sure everyone is playing by the rules.

SOCTET®

Assigneachplayerthe role of defender,attackeror goalkeeper.Each role
comes with a special strategy and particular patterns of behavior. Because

of this, the scene unfolding on the field is almost like a theatrical drama,

and crowds of spectators will flock to the stadiums to watch.

As they watch their team try to score goals against the opponent,

the fansgo througha rollercoasterof emotions: joy,anger,sorrow.

Thanks to the human capacityfor empathy,this joint pastime strengthens

bonds between people,bringing evencomplete strangerscloser together.

Theyfeelunity and involvementin a common cause,as if they,along

with the footballplayers,are defending their city from the invaders.

Footballcanalsobeusedto maintain
moraleand disciplinein themilitary

and as afreetimeactivityforyouth, _
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umans have the unique ability to think in abstract terms. But the value of these concepts is not in their truth or falsehood but rather

They create and believe in constructs that exist exclusively in the fact that they help solve the problem of survival by creating a large group

in their imaginations — money, gods, human rights, laws, social of like-minded thinkers. Often, adherence to certain ideas becomes the basis

hierarchies, freedom. These constructs or myths are passed down through of serious ideological conflicts — even wars. The best instrument for passing

generations, forming common social conceptions, which can sometimes down shared beliefs is storytelling. Listeners identify with the characters

be false: for example, that the world they live on is flat. in the story and live through the twists and turns of the plot with them.

At this moment, the shield of critical thinking is down, and the storyteller

gainsaccessto the deeper parts of the human psyche.



SOCIETY STORY TELLING

‘Theart of storytelling is founded
ona fewimportant principles: a) @

1. Havea clear idea of the main concept you want

to portray to the audience. Make it the foundation

of the conflictbetween the heroes and the antagonists.

If you're able to engagelisteners on an emotional level, oa

they’Ilbelieve in your myth and help keep it alive. —S

2. Every story needs an interesting hero. Who is your hero?

What does your hero want? What makes him tick?

Most importantly, your audience must identify

with both characters; otherwise, they won't empathize $j i
with the struggle. \ \.\

3. Divide your story into three acts. The first act

is exposition, where the setting and circumstances

are established, as well as the hero and antagonist, the main

conflict and life-changing event that sets the hero on his journey.

The second act is the main body of the story, where the hero

encounters his obstacles. The difficulty of each task must grow

incrementally, and the hero should have to make some difficult

ethical decisions. The third act contains the final battle with

the antagonist, where the hero experiences catharsis

and realizes that he has undergone great

changes as a person.

4. Don't explain things outright.

Let the emotions of the story drive

listeners to the necessary conclusions.

Good storytellers alwaysform a strong
emotional bond of trust with their audience.

For this reason, storytelling has the capacity
to change the listener’sworldviewand form new
myths ina society.It’simportant that people
believe in these stories as immutable truths about

life.The narrativeyou construct playsa significant
role in shaping the public opinion ofyour new
civilization.
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CITIE

f you want your civilization to flourish,

build cities. The concentrated population
naturally spurs the formation of professional

communities: merchants, mercenaries, artisans,

artists and so on. This increases labor productivity,

allowing you to accumulate more resources and

creating a vertical power structure for a more

effectively run society. Citizens enjoy a relatively

safe life, and thanks to the division of labor, they'll

be able to find work, exchange information and

goods, enjoy an active social life and keep up-to-

date on the latest gossip. You must also determine

what your city will specialize in — this will give

you a competitive advantage and determine

the direction of development. If you lack points

of attraction, residents will start to leave, and soon

your city will look more like a ghost town.

ANYti (

SOCIETY

Sacred spaces are a magnet for new residents.

In some places, they are religiousbuildings, and
in others, temples of science or art. Everyone needs

entertainment, regardless of your civilization’s

stage of development and location in the universe,

so open theaters and galleries and support

the development of the creativeintelligentsia.

Promote scientificadvancement by building

universities.In turn, this will lead
to economic growth and the overall

advancement of society.

Ultimately, the interaction

among large, successful

cities will lead

to the creation

of states.
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SOCIETY CITIES

Location is key.Asa rule, successful cities usually crop up

at intersection points of trade routes or around agricultural

hubs. It’sgood if you have some natural barriers nearby, such.as

mountains or rivers, that can act as extra protection. Remember

that the city is a living and constantly changing organism. oS

All of its systems, sewers and roads, need to be designed

with potential population growth in mind.
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or humans, taking breaks from the dailyroutine and the fight for survival

is vital.Otherwise, they are unable to create.Negativethoughts start

to accumulatein their minds, they become more prone to conformism

and society enters a period of stagnation. Festivals and carnivals help relieve

the tension and reboot the creative mind.

\\\

i) | i

SK
MS SS ,‘+

:ie NY
Jp)

Youno longerneedto playthe role

of respectablebankeror head of the house,

bread-earneror child-rearer.For justone night,

you canbecomewhoeveryouwant to be:

a jester,a geisha— or eventry an angel
or devilmaskon forsize.Challenge

ownlimitations,havenewexperiences

be eccentric,havefun,dancearound

and leaveyourworriesbehind.Thismental

reboot has a healingeffecton both the psyche

SOCIETY

Festival culture is a living contradiction to the hierarchies, dogmas and norms

meant as societal safeguards. These kinds of celebrations bestow a sense

offreedom,allowingpeople to leavetheir duties and responsibilitiesbehind

for awhileand immersethemselvesin the festiveatmosphere,becomingtruly

spontaneous and authentic.
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HOW TO ORGANIZE A FESTIVAL

The best site for a festivalis one that is extraordinary in some wayor made

extraordinary through decorations, art pieces and lighting.Thiswill give

the guests the impression that they’vebeen transported to some wondrous

world governed by an entirely different set of laws,makingit easier to cast

offtheir normal social roles,discard their inhibitions, tune into a new
wavelength and open themselves up to new experiences.

It’simportant to organize the decor and events around a central theme,

which is best expressed through some sort of symbol endowed with

sacred meaning. This will create a unifying conceptual focal point,

bringing the participants in the festival even closer together.

Come up with a mission statement for your new community.

In this way,your festival can be transformed from a mere

celebration to a social experiment. For example, you can ban the use of money

so that all exchanges will be made on the basis of giving and gratitude.
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People are what make festivals. Therefore, you should form a community

of like-minded people who will collaborate to build decorations and equip

a \. the space— workingtogetheralwaysbringspeoplecloser.However,

\
do not rush to expand your audience, or the event may lose its unique spirit.

<i
~ Be Mayyourfestivalbe a sourceofcreativeinspiration

hay i] NY forpeople.Mayit leadto the development
‘ yi Say \ ofvisionaryideasandthe creationofahappier,

\\) Wp moresustainablesociety.Perhapsthisway,

| i, NJ N yourdescendantswon'thavetobuildanew.
| \ civilizationfromthe ruinsofthe lastone. =
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