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PROFESSOR ALBERT KATZENSTEIN’S

Foreword to

P&enomeﬂa\ Physics

t ! 7

Welcome! I'm Professor Albert
Katzenstein, here to introduce you
to the wonderful world of physics.

And this is my
eager young lab

assistant, Scooter
the gvinea pig.

Pleasvre to

meet you.

I've been fascinated by
science since | was a kitten.

| remember the first
time | fell out of a tree
and discovered gravity.

Are you sure yov
discovered gravity?

I'd like to share what I've
learned with you.

If you want to know how to bvild
a rocket, move at super speeds,
and, indeed, how to walk on the
Moon, you're in the right place.

Through study and experiments,
scientists like me have discovered
a lot about how ovur world and
the greater Universe works.

| helped, too.

Physics, like all branches of
science, is about looking for the
answers to difficvlt questions. And
we've got lots of answers

for you.

Good question,
Scooter!




Physics is the branch of science concerned
with the properties of matter, motion,
energy, and force. That means we'll be

looking at electricity, heat, light ... J

‘ \
D@D N >
; Scooter, don't look -
v g directly at that lamp, . ~
” ; you'll damage your eyes!
L} ' ,

Very. Physics has helped vs design engines for cars,

invent smartphones, fly through the air, build towering
skyscrapers, and send satellites into orbit.

=1 ,
Physics also helps us find new sources of energy to power
our gadgets and vehicles, and to keep the lights on. @

Can physics explain why
my cocoa's gone cold?

guzpef" X Owersg

(Energy and Forces)




Do you need help,
Scooter?

Nrrrr ... no,
I got this ...

You could make this
so much easier
with a pulley.

Could you pulley
this weight off

I'm doing it!
I'm superstrong!

Pulleys have made
light work of this!

! Oh ...

Pulleys are simple
machines that help
make lifting easier.
They are made up of a
cable running over one
(r LA B S  or more wheels.

The pulley changes the direction of the pulling
force needed to lift a load.

With a set of pulleys, a
weak pulling force over a
long distance becomes

a strong pulling force
over a short distance.

Using a longer cable
over two wheels

can halve the effort
needed to lift a

load. Using four
wheels means that
you only need about
a quarter of the

Do youv vse less force Yes, you vse less force
to lift with a pulley? and over a greater

distance, so it feels

pulling force. much easier!
Block
I"> ’l’
' The more cable and
Tackle * A wheels used in a pulley
{ g::‘q?f' / system, the heavier the
& % weight that can be lifted.
\\ _‘0 N Cranes use a pulley system
y: ."" N F / called a block and tackle
o N / to help lift heavy loads.
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@ reach the ground.
You're too heavy to join * 1 &G
Yy To ] o 3 -
me on the seesaw. 975 4
[S "

—
-~

ideal weight for my height.

Il have you know | am fhe;

\

i And balance is not a problem.

If | just shuffle closer to the
seesaw'’s pivot ...

A little

more ...

That's better!

Distance
to pivot

L
Counterclockwise Clockwise turning
turning force force

The weight of people on a seesaw The turning effect of a force is
creates a downward force, which called the moment of the force. The
turns the seesaw around its pivot. moment is calculated by multiplying
When the turning forces at each end the turning force by the distance
are equal but in opposite directions,  from the pivot.

the seesaw is balanced.

Even better!

How many times have | told you to
stop playing with my cloning machine!

The farther a person sits from the
pivot, the greater the moment they
create, and their end of the seesaw
will move downward. If they move
closer to the pivot, they produce less
of a turning force, and their end rises.

11
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NUT. Would you like
a WALNUT?

Oh, thank you!

Carefvul! You'll break
your teeth!

A

Why don't you
try using this?

\/

A
Nutcrackers are not to R,
be vsed as hammers. :

Nutcrackers are a force multiplier.
They convert a weak force over a
long distance into a strong force
over a short distance. A light
squeeze on the handles becomes a /
hard squeeze around the nut.

They work as a pair of levers, or
rigid bars, that move around a
fixed point called a fulerum. The
nut fits between the levers. When
the levers are squeezed together,
they press on the nut, causing its
shell to crack open.

Other kinds of levers
include pliers, wrenches,
and bottle openers.
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Energy has been around since the
beginning of the Universe. It's what
makes things happen, from lighting
a room, to warming vp a cup of cocoa.

Mmm, cocod!

Energy can change from
one form to another, but
can never be created or
destroyed. Here are the
key types of energy ...

—————
~
’ ~

Yoy s Chemical
' \ This is energy stored
' in the bonds between
X // atoms and released

through chemical

reactions. Chemical Kinetic
energy is held in Kinetic energy is stored
batteries, fuel, and food. in a moving object. This

depends on the object’s
speed and mass. The
faster an object moves

d:{_?b or the greater its mass,
the more kinetic energy.

Gravitational

This is the energy of an object above the Earth’s

/ surface. The amount of an object’s potential
~. ./ energy depends on its position.

Radiant

All objects give off
radiant energy, carried
by electromagnetic
waves such as light,

~
~ -

........

<
- - - .
g

Magnetic

This is the energy stored
in the magnetic field
surrounding two magnets
that attract or repel

each other. .

Acoustic .-~
Sound energy is made when an object,
such as a guitar string, vibrates.

Heat energy is produced
by vibrating atoms in

a

they vibrate, the hotter
the substance becomes.

\
\
\}

— Elastic

~ This is the potential energy held in an elastic

" object, such as a spring, when it is compressed or
< stretched. The energy is released when the elastic
*.._ object springs back to its original shape.

“““““

Electrical
Electrical energy is the

substance. The faster

1
1
1

1

Nuclear

Stored in atoms, nuclear energy is released
when the atoms are fused together or split apart
through nuclear fusion or fission.

movement of electrons,
which can pass through a
wire as electricity, or hit
the ground as lightning.

15
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How to g
Pust @ gp\'ﬁ’m% =

]
( Scooter, you p
look rather fireD gte

~

| had to stay vp

all night monitoring
your paint-drying
experiment.

Never mind. | know how to put
a spring back in your step!

These spring shoes will hav
yov bouncing abovut the room.

Cllow! These are great! )
I |
‘ | wonder how high | could g‘o)

Take it easy, Scooter.
One small step at a time...

| can almost

touch the ceiling!

Turn them
off!

= Another great leap
for sciencel

A spring is an elastic object that
returns to its original shape when
stretched, compressed, or bent.

Stretching or compressing a spring
gives it elastic potential energy
that will pull it back to its

original position.

The stretch of a spring is
proportional to the stretching force
applied to it. This is Hooke’s Law.
If a weight stretches a spring by one
length, twice the weight will stretch
it by twice the length.

Springs are useful for measuring forces. A force meter
has a spring inside. When it is used to pull an object, the
spring is stretched, pulling a marker along a scale to give
a measure in Newtons (N), the units for measuring forces.

Springs are used in many
things, such as scales,

) mattresses, and mountain

bike suspensions.

Force meter

17



How to
g—baﬁ AF]oat
.0 S

It's not time for my annual bath. You i
know | don't like to get my fur wet. )

’ 1

This isn’t bath time. It's aﬁ
experiment. (@)

(o) =
AN COR T (o0

O
A rubber duck floats on water,
but how about a metal duck?
®)

CAREFUL! It will sink
and bump my feet!

It's floating! But how?!
Metal is heavier than water!

It is, but the metal duck is hollow, so
its average density is less than water.
—

Call me dense, but
why did | need to

be in the water for
you to test this?

e

O
C

Whether an

object floats or
sinks depends
on its density.

*****

Density is how much mass is contained in an object.
Steel is denser than wood. Wood 1s denser than air.

Density = Mass/Volume

For an object to float
in water, its average
density needs to be
less than that of water.
While a metal coin may
be denser and sink, a
metal ship is full of air
so its average density
is less than water.

0

- A

L
o/[\ e T /Y Upthrust

A boat floats because of a
force called upthrust. This
upward force is equal to
the weight of the water
that the boat displaces.

If the weight of the boat

is less than the upthrust,
it will float.

19



AAAARGHHH!

You're perfectly safe
in my paws.

Down here in the
deepest ocean, the
water pressvre can be
hundreds of times more
than on the surface.
That's becavse of the
weight of dll that water
above vs.

Calm down, Scooter.

Everything's under control.

But ... SCARY
FISH!!!!

And nothing's going to get
through this window—the
glass is as thick as a brick.

If you went ovtside, dll the
gases in your body would

be quickly compressed.

How come the fish
aren't squished?

Becauvse they don't have air
inside their bodies. They are
mostly water, which can't
easily be compressed.

The sub has ballast
tanks that can be filled
with air or water.

Ballast
Ballast pump tanks

To surface, | pump air into

the tanks, reducing the sub’s
average density.

| still feel under pressvre.
Can we return to the surface?

| can control this

submersible to go vp
and down at any time.

To dive, | let water into the
tanks, increasing the sub’s
average density.

With all this up and down,
I think last night's dinner is
ready to surface, tool




I've got my ruler! What
did yov say we're
measvring today?

= i

WAUGH! It's a shark! How did
you get that in the lab?

e C

—

‘ | brought him in. \__|
= e

May | introduce highly

1S A guaRK!
A SHARK!

respected naturalist,
Dr. Rosie Ringtail.

| see yov
know your fish,
Mr. Scooter.

This crane will safely lift the
shark into a new tank of water.

And we shall measvre
the volume of the shark

vsing water
displacement.

Today we're going to measure
the shark’s volume.

I'm not getting
in that tank!

—

How much the water
level rises tells vs

4

the shark's volume.

Couldn't you
measuvre my

goldfish
instead?

N
You won't need to,
and yov won't need
that ruler, either!

22

Height

< ~
~ 7

Width

Volume is the measure of how
much space an object takes up.

For a simple shape like a
- cube, you can measure the
length of each side to find
)/ out its volume.

Length x Width x Height = Volume

But for a complex shape,
you can use the water
displacement method.

A submerged object
displaces a volume of
liquid that matches its
own volume.

Goldie has
grown this week!

So, if you drop an orange
into a pitcher of water and
measure the difference in
water level, that’s the volume
of the orange.

23



All solids can be stretched < If an object springs back
or compressed to some )
degree by using force.
The change of shape

is called deformation.

m_e Gu sound like you're

in pain.

to its original shape after
the force is removed,
this is called elastic
) ) deformation.
If the object
stays stretched or
compressed, this
is called plastic

NRRRRGH ... & d y . / 7 : deformation.
R/ )\ &=k L |

| didn't know you

I'm just doing

my stretches.

were into yoga.

Every material can be

I'm not. I'm doing stretched or compressed by

. An elastic band shrinks back Brittle materials, such as glass and
some stretching and some amount when you supply . .. . . .
compression tests. the right amount of force. after stretching, so this is ceramics, break very quickly if
elastic deformation. stretched or compressed.

Elastic materials have an elastic
limit from which they will

| not spring back. If a spring is
stretched to this limit, it will
no longer act as a spring.

A squashed soda bottle
stays squashed, so this is
plastic deformation.

I'm an elastic
gvinea pig!

L

Is that from

Um, | think I'm I
the perfect size

my secret

- toffee stash? for a gvinea pig,
] NG actually. The disks between human height as the disks between your
o backbones or vertebra act like vertebrae stretch out, but once
)( ( )) ‘ - a spring and are compressed by you’re up they become compressed
é ' >0 gravity. After a night’s sleep, again, and
! ‘ Y you might gain a tiny amount in you shrink.
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