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Exploring pressure
in a fluid

Imagine lying at the bottom of a deep swimming pool
full of marbles. You would feel the weight of the marbles @
pressing dowm on you. The more marbles above you, the @

larger the force on your body.
3. Explain why the pressure in Figure 2.1.6¢is gmalel.

position B compared to position A.
4. How can the marbles model help us to understand
pressure in liquids?

5. What drawbacks does the marbles model have in
explaining pressure in liquids?

CETErITS)))

The atmosphere contains molecules of oxygen, nitrogen
and carbon dioxide as well as particles of other gases.

‘ Sea creatures and divers experience the
effects of pressure as they swim in deep
‘water. Whales have ribs that are joined
by very flexible cartilage. This allows the
1ib cage to compress when they make a
deep dive. Without this flexibility, the high
pressure could break the rib cage.

The force of gravity pulls all these particles towards the (NRASLLY
 How pressure varies ) pryr——— Earth, This ot i atmorphere 1o press down on the  IGRES 1 P o
Earth and everything on it. The pressing down is called cauang presure

When we are on the land, the " —— atmospheric pressure. h h d
T e Mt fzrred iy _ - These are the words
55 the pressure of the air around us, - peesc , The particles in the air are constantly moving and they do

H o hen e go diving \ IS not lie in a compact layer on the Earth's surface. The higher h

el W \/&ﬁ You g0 from the Eath srface,the more sace there s that you should

above - the greater the depth, the between the partides.

higher the pressure. ( A . H I 0 h =
When you are deep in the water, the -4(‘1/ aim to earn in t 1S
pressure results from the weight of . i B t . Y h
P ? o, A k
Sbove. The water § actualy resing A _» OpPIC. YOU can chec
all around you, so the pressure is the AIGURE 2.1.6: Pressure in liquadh. s . - 3
same all over your body. g ettt their meaning in
1. 1d i t th H
e P - : — the glossary.
2. ) What dangers would face divers if they descended A SR 5 & presRjonss
quickly to a great depth?  paas ¢ N °
b) How can a whale descend quickly and yet face | There have been several | T R N . T ] SEIRCET e W .
1o problems? | manned and unmanned | Amospheri pressure (<Pa) °

| trips to the bottom of |

! | FIGURE 2.1 6e: Variation of stmospheric peessure with height. 1
Explaining pressure in liquids )} | e decpestpartalihe; ST . o
j ocean—the Mariana | 6. What auses the atmosphere to have pressure? Know this vocabula eoo0o0

| Trenchin the Pacific |

To help explain how pressure acts in a liquid, imagine the | | - ey ¢ deth
water particles to be represented by a large container of {/9cean. Even though tlje Zsusosstalthere k no atospheren outerspace; P

marbles. If you press your fist down into the marbles they | pressureis “';‘““: 100, | 8. Draw a pair of diagrams suggesting how the moleaules
push against each other and some of them are forced | ¥ pascals, there arrangement of gas particles in a balloon atan atmaspheric pressure
upwards, even though you are pressing downwards. altitude of 25km is different from that at 1km. height
®
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Each topic is divided into three parts. These boxes contain Key this phrase into an
The first section covers what you interesting facts internet search box to
need to know, the second section about the topic you find out more.

helps you to apply your knowledge are learning.

and the last section extends your

knowledge and understanding.

Questions
KNOW. Questions 1-5 EXTEND. Questi 11

See how well you have understood the ideas in this chapter. See how well you can understand and explain new ideas and evidence. [
1. Which of these about forces and is true? [1] 9. A boat carrying steel bars is unloaded. It is then loaded with aluminium bars of

the same size. Explain why the boat doesn’t sit as low in the water now. (2]

0. Petrol engines need oxygen to react with fuel in the process of combustion.
Suggest why such engines are less powerful at high altitudes. [2]

a) If an object is moving there must be a force acting.
b) When a parachutist opens his parachute he moves upwards.
©) Balanced forces cause movement.

-

d) Amoving object continues at the same speed unless an unbalanced force acts. 11. The air at high altitude is less dense. A person used to training at sea level travels to
: . amountain camp at an altitude of 4000m. Comment on what the graph shows and
2. Which of forces and is always true? [1] et 14)

a) Amoving cbject will stop unless a force acts on it.

b) A stationary object with forces acting on it will start to move. Bl

©) When all the forces acting on an object are in equilibrium, its position will H /
potdinge. v |

d) When all the forces acting on an object are in equilibrium, its speed and direction £ {
of movement will not change. I i

3. Which is the correct explanation of pressure? [1] © 5 1w 15 2 2 3% 3

) Pressure is higher when the force applied is smaller. Tine Uheye) The end-Of-Chapter questions

is applied to FIGURE 2.1,108: Graph of 3 maountaineer’ finess ot ime when
b) Pressure reduces when the area that a force is applied to is decreased. iy s selelrs

9 When you push 2 drawing pin nto 2 board, the pressure s the same on a"ow you to che(:k tha-t you
S e s TS Dt have understood the ideas,

a)Pa bB)Nm' QAN dm

5. Whatpresurei produced by 200 o presing o s ref 207 1) to see whether you can apply

ey them to new situations and

e —— PR P, how well you can extend your

6. A child on a scooter is pushing herself along with a force of 100N. Another child f h
is helping to push the scooter along with a force of 70 N. Air resistance is 20N and use o t em.
friction on the scooter’s wheels is 140N. What is the overall force on the scooter?
What will happen to its motion? [2]

7. Why does a wooden block float but a steel one sink? [2]

8. Explain how the pressure that a chair exerts on the floor would be affected if
wooden table mats were put under all the legs. [2]
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orces
Contact Forces and Pressure

Forces

Forces can act in any direction, causing stretching,
compression and changes in motion.

. Some types of forces require contact whereas others are
{ non-contact forces, such as gravity.

S0 bt L e

Friction and resistance

_'%u Friction is a force that acts between moving surfaces, causing
‘ them to slow down or stop.

% &1 Air resistance is friction between air and an object moving
== through it.

! A boat moving through water experiences water resistance.
t’ o -“_\." —
e S

Floating and sinking

When an object is placed in water, weight will pull it
down and an upthrust will act upwards.

If the weight is greater than the upthrust, the object
will sink.

If the upthrust is equal to the weight, it will float.

I X

Resultant forces

There may be several forces acting on an object. To
understand how they affect the motion of the object we
need to consider all of them.

If forces are acting in the same direction, we get the
resultant by adding them but if they are acting in opposing
directions, we subtract one from the other.

If the resultant is zero the object will have a steady speed,
which might be zero. If the resultant is not zero the object
will speed up, slow down or change direction.

6 AQA KS3 Science Student Book Part 2: Forces — Contact forces and Pressure



Effects of forces

Friction and drag

Pressure, floating and sinking

Forces in equilibrium

Elastic materials behave in a special way when forces
such as tension or compression change their shape.

Materials can become permanently deformed when they
are stretched or compressed by large forces.

Stresses on a solid can explain effects such as the
scratching of a surface, sinking or breakage.

Friction is caused by one surface moving over another.

If one of the surfaces is a fluid, it is called ‘drag’.

Pressure is the force acting on a certain area.

Pressure can act in solids, liquids and gases.

An upthrust force affects all objects that are
submerged in a liquid.

Pressure in a fluid increases with depth.

The volume of an object affects the amount of
upthrust it experiences in a liquid.

A force on a moving object may cause its speed to
increase or decrease.

If opposing forces act on an object and are
balanced the object is in equilibrium.

G ARRRRnnAR
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' ° e Analyse situations to identify the
AnaIYS].ng various forces that are acting.

e Explore situations in which objects are

eqUilibrium _ held in equilibrium and the nature of

the forces involved.

Forces are all around you, but you cannot see,
touch or smell them. When forces cause movement
you can see what they do, but when something is
not moving there are still forces at work.

ypes ofoce W

A force can be a pushing force, a pulling force or a turning
force. There is a pulling force from the Earth on this bungee
jumper. Once he steps off the platform, the pulling force
makes him fall. The arrow shows the pulling force making
‘him move downwards. Without the pulling force of the
Earth, he would not fall. The pulling force of the Earth

on objects is called gravity. Gravity is a non-contact force.

However the force applied through the bungee line is e

FIGURE 2.1.1a: A bungee jumper is
a contact force. « pulled downwards by gravity.

1. How would you describe the type of force that the
Earth produces on the bungee jumper?

2. What is the name given to this force?

G oY)

We can look at an object and identify the forces acting on

it. In Figure 2.1.1b, gravity is pulling downwards on the mass
on the left and the spring is pulling upwards with the same
force, but in the opposite direction. The forces are balanced
or in equilibrium.

If you increase the mass, the force of gravity will increase
and the mass will move downwards. However, the forces
reach equilibrium again as the greater weight becomes
balanced by a greater upwards force from the spring.

<
3. Look at the right-hand part of Figure 2.1.1b. Describe —
the forces that are acting on the mass and spring. —
4. Draw force diagrams to show the forces acting on: <
a) asmall mass hanging from a spring @
b) a larger mass hanging from a spring. _ N

5. Explain why neither mass in Figure 2.1.1b is moving. FIGURE 2.1.1b: Forces in equilibrium
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‘wo forces act on a sycamore seed when it falls from a tree
- the force of weight acts downwards and the force of air
esistance acts in the opposite direction. Once a sycamore
eed starts to fall and spin, the force of air resistance is the
ame size as the force of weight. The two forces cancel each
rther out and the seed descends at a constant speed. The
orces are in equilibrium.

)f course, forces aren’t always in equilibrium. When the
ycamore seed first drops, air resistance is less than gravity.
Ve can work out the resultant force by combining the
arious forces acting, taking account of their direction and
ize. The resultant force is a single force which can replace
Il the forces acting and have the same effect. When the
eed first drops the resultant force is downwards, so it
ccelerates. A few seconds later, when the air resistance
\alances gravity, the resultant force is zero, so it falls at a
teady speed.

6. What does the word ‘constant’ mean?

7. Describe the forces acting on a sycamore seed as it
falls and spins downwards.

8. Why does a sycamore seed not keep accelerating
downwards?

ultiple forces in equilibrium )))

. is possible to have
quilibrium between
ifferent forces at once.

1 this picture, the cyclist
travelling along a level
bad at a steady speed.
he force applied by

er legs is pushing her
»rwards and friction and
ir resistance are both
ushing backwards. The
vo backwards forces
dded together are equal
> the forwards force so
ey balance.

<
ANRN\NY/ l

FIGURE 2.1.1d: If the forces on this cyclist
are balanced, what does this say about
her motion?

9. Based on Figure 2.1.1d, draw a force diagram to show
all the horizontal forces acting on the cyclist.

0. Explain what would happen to the motion of the
cyclist if the force she applied to the pedals was
greater than air resistance and friction combined.

FIGURE 2.1.1c: The forces are in
equilibrium as the seed falls steadily.

Did you know...?

Forces are measured in

newtons, named after

i the famous scientist

Sir Isaac Newton. It is

: said that he devised an
: explanation of gravity
i after an apple fell on

his head. No-one knows

: if the story is true, but
i a typical apple has a
: weight of 1 newton.

Know this vocabulary

contact force
non-contact force
balanced forces
equilibrium‘
resultant force
newton

SEARCH: balanced forces
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I e Describe the effects of drag and other forces
Wh at a. drag. on objects as they move.
e Describe factors which affect the size of
frictional and drag forces.

e Evaluate how well sports or vehicle
technology reduces frictional or drag forces.

As soon as we try to move, we experience
resistance. Air resistance builds up, the faster
we travel, and if we're in water, the water tries to
stop us. We need to understand how this works
and how to minimise it, although sometimes it’s
actually quite useful.

Streamlining in nature and technology

D g

If you wade through deep water you can feel the resistance

of the water. It's harder to move your legs forward

compared with being on dry land, and walking through air.

We call any material that will flow a fluid; liquids and gases FIGURE 2.1.2a: A Pelican diving
are fluids. We call the resistance to movement drag. For fish

Some objects are very good at moving through a fluid
without causing a lot of drag. Animals that move very
quickly, such as birds that dive to catch food, can make
themselves into a shape that causes little drag. They are
streamlined.

Engineers have copied these ideas to build vehicles that are
streamlined. This reduces the amount of fuel they use. A lot
of time and effort goes into reducing the amount of drag.

FIGURE 2.1.2b: An F-22 Raptor, stealtl
fighter aircraft.

1. Why is it an advantage for birds to have a
streamlined shape?

2. Think about cars that have a streamlined shape. How Did you know...?
have the designers reduced the amount of drag? :

Designers need to
3. How does this idea apply to the design of ' make sure the body

a speedboat? : shape of a car causes
i as little resistance as

: 3 i possible. This will reduce
)) i wind noise and fuel

. . . . . s ' ut
Sometimes drag is a nuisance; we want objects to slip SRS Th.ey P

. . . . : the shape in a wind
through a fluid as easily as possible. On other occasions drag - tunnel and look for
is actually very helpful. Again, nature has taken a lead here .

: . o : places where the airflow

— if you watch large birds coming in to land they alter the e

. i is disturbed.
shape of their wings to slow them down.
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\n airliner in flight needs drag to be minimal, but
vhen landing it needs to reduce speed very quickly
ind does so by changing the shape of the wings.
‘laps on the top of the wing are raised and the

ear edges lowered. Air now can’t flow as easily,
Irag is increased and the aircraft slows down.

-ars, of course, have brakes, in which one solid
naterial presses on another. The friction caused
lows the vehicle down. In extreme cases this isn't
‘nough, however, and cars that travel at very high
peeds, such as those attempting to break speed
ecords, use parachutes. A parachute has a lot of
Irag as air gets caught inside it.

) FIGURE 2.1.2c: The; wing and flaps of
4. Explain how wing flaps are altered to either increase a plane after landing.

or reduce drag.

5. Suggest the effect that fitting a roof rack to a car has
on drag.

6. Explain why we sometimes use the term ‘friction” and
sometimes ‘drag’.

pampirei ocing )

1 championship cycling events speed
essential, but it’s also important to
rduce drag. To maintain a high speed
cyclist needs to slip through the air

sing as little energy as possible.

>ok at this picture of a cyclist in
ction. Although it's clear that many
f the features are similar to those

n road bicycles, the bike has been
iodified for racing. The cyclist too
equipped and positioned in a
articular way.

ir can flow very easily over both — b A

. . . FIGURE 2.1.2d: Everything is set up to
cyc.Ie and rider; anythmg that can L. reduce as much drag as possible for
sssibly be done to reduce drag has been. As a result, it is this championship cyclist.

isier to maintain a high speed over a long distance.
Know this vocabulary

7. Comment on the position of the rider and how it

reduces drag. fluid
: . ’ drag
8. How do the clothing and helmet help with this? :
streamlined
9. Suggest why the bike has friction
a) a higherseat b) asingle gear. energy §

SEARCH: streamlining 11
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° e Explain the relationship between and
UnderStandlng applied force and the change of shape

of an object.

StrEtCh and * Investigate the forces involved in

stretching and compressing materials.
e |dentify applications for compressible

COmpI'ESSiOn and stretchable materials.

©0 0000000000000 0000000000000000000000000000000000000000000000COCOOCOOCEOCOOCROCOCOOQOROCOCOOCRDOOCCDT

Imagine a mattress made of solid wood; clothes
with no stretch; balls that don’t bounce. The world
would be a very different place if materials and
objects could not change shape when a force is
applied to them.

Comparing materials )

All materials can be squashed (for example, by a
compression force) or stretched (for example, by a tension
force) to some extent. Some materials change shape by tiny,
unnoticeable amounts — even with extremely large forces.
Some materials may change shape with a small force but
then break. When materials return to their original shape
after the force is removed, it is called elastic behaviour.

1. Name some materials or objects that can be noticeably FIGURE 2.1.3a: The angler benefits
compressed or stretched and show elastic behaviour. from elastic materials.

2. Name materials that show non-elastic behaviour when
they are compressed or stretched.

Size of force and amount of deformation )) TABLE 2% Datashowlng effedaf

force on a spring.
If you compress or stretch a material too far, it may not be
able to return to its original shape — it remains deformed Length the
or it may break. In these situations the compressing or spring has been
stretching force is beyond the elastic limit of the material. compressed by

: . (cm)
Materials that break with a relatively small force (only

slightly beyond their elastic limit) are said to be brittle.

3. Name some brittle materials. 0 3

4. Look at the data in Table 2.1.3. This data can be £ 4
displayed using a graph. List the features the graph 30 9.3
should include. 40 12.4

5. Plot a line graph to display the data in Table 2.1.3. 50 15.5
Describe what your graph shows about how the force :
applied affects the spring. 60 16.1

12 AQA KS3 Science Student Book Part 2: Forces — Contact forces and Pressure



6. a) From your graph, what do you notice about the
compression when a force of 60N is applied,
compared to smaller forces?

b) What could explain the difference in part a)?
Suggest why the final data point does not fit the
pattern of the others.

Applications of elastic materials )))

'he elastic behaviour of springs make them ideal
‘-omponents in devices for measuring weight or force.

i

5 LAl o'
g R
(=)
_—2 TR
AT e ) HETRE jle)
R =
e — g
SN — 0
| | ) i <)
TR T 2
AHAEHE o) e )
= 2 > v w———
' ! Di P
| 4l B . Did you know...:
3 M | ! M
Bii b i & : The suspension in racing
N SN i cars uses springs, which
i o o i compress in a complex
= i way depending on the

: force on them. This

i helps give the car good
: balance and grip at all
i speeds. The suspension

\

GURE 2.1.3b:.The behaviour of a spring under an applied force allows us also has dampers to help
¥ BRI g . control the compression
ushions on soft furniture, climbing ropes, clothing and the ¢ and bounce of the :
dles of sports shoes are all examples of uses of materials springs. Different springs
hosen for their elastic behaviour. ¢ and dampers are used '
. at each race to suit the

7. Why might a cushion not work well if the foam was: ! circuit and the track

a) too soft? RGNS, e

b) too hard?

8. Explain why springs are particularly suitable for use in
weighing devices and forcemeters. compression
tension

Know this vocabulary

9. Suggest why a climbing rope would be less effective if
it had no elasticity at all. deformation

SEARCH: stretch and compression 13
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Investigating Hooke’s e ionceson spings.

e Generate data to produce a

Law graph and analyse outcomes.

/1200000000000 000000000000000000000000000000000000000000000000000000000COCOCOCORROCOO0OD0CBOCOO0EC0CTS

Part of the skill of a scientist is collecting data
and using it to find patterns that will improve our
understanding of the world.

Springs are elastic )

Elastic materials change shape when a force is applied
to them, and then return to their original shape when
the force is removed. The elastic behaviour of springs
makes them useful in many situations — for example,
a spring is used in a newtonmeter.

1. Give three uses of springs.

2. Suggest some properties of materials that
would make good springs.

Investigating how a force stretches a spring )) FIGURE 2.1.4a: Sorings in ac |
.1.4a: Springs in action.

Figure 2.1.4b shows the set up for investigating the
stretching of a spring. As the force increases so does the
spring’s extension. ‘Extension’ means how much the spring
has stretched, compared to its original length when no
force was applied.

spring

l __]
ul}

Within a certain range of forces, a spring will extend by

regular amounts for equal increases in the force applied. ruler~_|
That is, there will be a linear relationship between the -
extension of the spring and the force applied. So if a spring
stretches by 1cm when you apply a force of 1N, then it will
stretch by 2cm if you apply a 2N force. This behaviour of a

spring is known as Hooke's Law.

pointer

3. Aspring is being tested. It stretches by 3cm when a
force of 10N is applied to it. If it behaves according to
Hooke’s Law, how far would you expect it to extend
when these forces are put on it?

a) 20N b) 70N ¢) 2N | I

4. State Hooke's Law in your own words. FIGURE 2.1.4b: Investigating
Hooke's Law.

clamp and stand

vl b b b b b b

/
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S mreses )

A newtonmeter can only work accurately within a certain
range of forces. This is because a spring stretches in even
amounts, according to Hooke’s Law, only up to a certain
axtension. Also, if even more force is added, the spring may
not return to its original length when the force is removed.
The spring has been stretched beyond its elastic limit and
the device will be damaged and cannot be used again.
\Newtonmeters have an end-stop so that the spring cannot
de stretched too far.

22
20 - — spring
breaks
18
16 -
144 - [ FIGURE 2.1.4c: This spring has been

stretched beyond its elastic limit.

Extension (cm)
— —
o N
] |

]
|

0 T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1

Force applied (N)

Did you know...?

There are special
i phrases for describing
i relationships between

IGURE 2.1.4d: The effect of a stretching force on a spring.

5. Look at Figure 2.1.4d. Describe what happens as the
force on the spring is increased.

6. From the graph:

a) how much force is needed to extend the spring
by 7cm?

b) how much does the spring extend by if a force
of 3.5 N is applied to it?

7. a) Suggest approximately what size of force is
needed to exceed the elastic limit of the spring.

b) Why is it not possible to be sure what the exact
limit is from the graph?

: variables in science

i and maths. When a

: graph, such as the one

: for Hooke's Law, has

! a straight line going

i through zero on both

: axes, we say that the _
: two variables are directly
: proportional.

Know this vocabulary

linear relationship

SEARCH: Hooke’s Law 15
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Exploring pressure " el e,

e Describe some effects of

on a SOlid surface varying pressure.

P OO0 0000000000000 0000000000C000000000000000000000000000000000000000000000000000000600O0!

Many people would think that lying on

a bed of nails would be very painful and
dangerous. The whole force of a person’s
weight would be acting through the sharp
ends of the nails. Understanding the idea
of pressure helps us to explain how such
a feat is possible.

X D Sk y
FIGURE 2.1.5a: The force is spread over many nails to
Spreading the force ) make this possible.

When a person lies down they can feel comfortable even on
a hard surface. The force of weight is spread over a large
surface. This reduces the pressure on the body.

If the force of weight is acting over a small area, the
pressure is greater. Trying to lie on the point of a single nail
would mean that several hundred newtons would be acting
over an area of less than 1 mm? on the nail’s point - the
pressure would be massive. The skin cannot withstand such
pressure and would be pierced by the nail.

Look carefully at the bed of nails in Figure 2.1.5a. There
are hundreds of nails, so the force of weight is shared. The
pressure on any one nail is small and the person does not
suffer pain or injury.

1. What unit is used to measure the downwards force
of weight?

2. Complete this sentence: ‘The greater the area that a
force acts over, the ...’

3. Explain why sitting on a drawing pin can be painful.

Reduced pressure; increased pressure ))

Looking at Figure 2.1.5b you can see how the large area of a
camel’s feet helps to stop it sinking into the sand. Similarly, a
tractor’s tyres spread the weight of the tractor over a larger

FIGURE 2.1.5b: Is it an increase in
pressure or a reduction_in pressure
area than narrow tyres would. that helps in this situation?

16 AQA KS3 Science Student Book Part 2: Forces — Contact forces and Pressure



. knife concentrates a force over the very small area of the
lade’s edge. The small area of the blade of an ice skate

as two benefits. Firstly, the high pressure causes the ice

» melt slightly underneath the blade. The thin layer of

rater formed acts as a lubricant. Secondly, when the skate
leaned over, there is so much pressure on one edge of the
lade that it cuts into the ice, allowing the skater to turn.

4. Explain how a camel’s feet allow it to walk on soft sand.

5. Explain why cutting with a sharp knife is easier than
with a blunt one.

6. Suggest why roller skates would be ineffective on ice
compared to ice skates.

blving engineering problems ))) D1dyouknow? .................

1gineers use the idea of pressure to improve designs for Many car seats contain
ifferent purposes. : pressure sensors that

i allow them to detect if
! the seat is occupied. The :
i seat belt warning sign !
: will operate if the belt is :
i not fastened. :

1 skiing, a downhill racer uses a different ski design to
ymeone skiing over deep powder snow. A hand-operated
n opener uses levers to multiply the force applied. This
yrce then acts through the narrow cutting blade. The
-essure is high enough to cut through the tin.

iURE 2.1.5c: Different skis for different purposes.

7. Explain the problems that a downhill ski racer and
powder skier would encounter if they swapped skis.

8. Suggest how the design of a hand-operated tin
opener could be improved. Use scientific ideas to

explain how your improvement would work. Know this vocabulary

9. Sketch a design for a rucksack showing how its pressure
features make it comfortable to carry. area

SEARCH: how is pressure affected by surface area? 17
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- e Describéhow pressure in a liquid
EXPlorlng pressure ﬁcrea?eskzlvi\fh%epth; -

e Describe how pressure in a gas varies

in a ﬂ“id with height above Earth.

e Explain pressure changes in relation
to particles and gravity.

Sea creatures and divers experience the
effects of pressure as they swim in deep
water. Whales have ribs that are joined

by very flexible cartilage. This allows the
rib cage to compress when they make a
deep dive. Without this flexibility, the high
pressure could break the rib cage.

How pressure varies ) FIGURE 2.1.6a: A whale in the deep se

When we are on the land, the

Pressure increases with depth Pressure acts in all directions
pressure inside our bodies is the same tall cylinder water comes small holes
as the pressure of the air around us. "y out of the plastic bag
However, when people go diving /h"'es %
there is extra pressure from the water =
above - the greater the depth, the 7
higher the pressure.

When you are deep in the water, the D\\\ //4 ;l—?
pressure results from the weight of / T e _
water pressing down on you from S " e S
above. The water is actually pressing Water 4t the bottom

all around you, so the pressure is the FIGURE 2.1.6b: Pressure in liqui

same all over your body.

1. Why would you experience more pressure at the
bottom of a swimming pool than at the surface?

2. a) What dangers would face divers if they descended { Did you know...?

quickly to a great depth?

b) How can a whale descend quickly and yet face i There have been several
no problems?  manned and unmanned
i trips to the bottom of

R T . the deepest part of the
Explaining pressure in liquids )) ! ocean — the Mariana

. e : Trench in the Pacific
To help explain how pressure acts in a liquid, imagine the . Ocean. Even though the
water particles to be represented by a large container of pressu.re is around 100
marbles. If you press your fist down into the marbles they million pascals, there is a
push against each other and some of them are forced thriving ecosysltem
upwards, even though you are pressing downwards. E '
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mnagine lying at the bottom of a deep swimming pool

ull of marbles. You would feel the weight of the marbles
rressing down on you. The more marbles above you, the
arger the force on your body.

3. Explain why the pressure in Figure 2.1.6c is greater at
position B compared to position A.

4. How can the marbles model help us to understand
pressure in liquids?

5. What drawbacks does the marbles model have in
explaining pressure in liquids?

xplaining pressure in the atmosphere )))

he atmosphere contains molecules of oxygen, nitrogen
nd carbon dioxide as well as particles of other gases.
he force of gravity pulls all these particles towards the
arth. This causes the atmosphere to press down on the FIGURE 2.1.6c: Particles in a liquid
arth and everything on it. The pressing down is called causing pressure.

tmospheric pressure.

T
he particles in the air are constantly moving and they do ‘
ot lie in a compact layer on the Earth’s surface. The higher
ou go from the Earth’s surface, the more space there is
etween the particles.

304
254
20+
" pressure at top of
] 154 Mount Everest 33kPa

average sea level
pressure 100 kPa

: - - > T - FIGURE 2.1.6d: What challenges does
0 10 20 30 40 50 60 70 80 90 100 mountaineering present?

Atmospheric pressure (kPa)

T T

3URE 2.1.6e: Variation of atmospheric pressure with height.

6. What causes the atmosphere to have pressure? Know this vocabulary

7. Suggest why there is no atmosphere in outer space. depth

8. Draw a pair of diagrams suggesting how the molecules )
arrangement of gas particles in a balloon at an atmospheric pressure
altitude of 25km is different from that at 1km. height

SEARCH: pressure in liquids
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e |dentify the factors that determine

C&lCUlating the size of pressure on a solid.
: e Calulate the size of pressure exerted
pressure

©000000000000000000000000000000000000000000000000000000C0000000000000000000000000000

Calculating pressure is important to engineers.
For example, the foundations of a building have
to carry the full downwards force of its weight.
There have been cases of buildings collapsing
when the pressure on the foundations was too
large. Engineers calculate the area needed for the
foundations to support the structure.

Calculating pressure )

Pressure tells us how much force is applied over
an area. The formula used to calculate pressure is:

force

pressure =
area

or in shorthand:

F
P=2

Force is measured in newtons (N) and area is

measured in square metres, so the pressure is FIGURE 2.1.7a: Because snow shoes have a larger
measured in newtons per square metre (N/m?). The surface area than your foot, they distribute the

. . . amount of pressure that your body puts on the snov
unit for pressure Is the pascal (Pa)- 1Pais exaCtly over a larger area, so that your foot does not sink
the same as 1 N/m2. completely into the snow.

1. What is the unit for pressure?
2. What is the formula for calculating pressure?

3. If we calculated pressure using force in newtons and
area in square centimetres, what unit would the
answer be in?

: Did you know...?

Example calculations )) Engineers build in a

i safety margin when

To calculate the pressure exerted by a box with a base of designing structures.
2m? pressing onto the ground with a force of 40N: : This reduces the chance
p_F ' . of a structure failing if
A i an unexpected force is
40 . applied or if materials
A= i gradually become
P = 20N/m? or P = 20Pa : weaker as they get older.
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4. Calculate the pressure exerted on the ground
by a piece of wood with a base area of 2m?and
weighing 20N.

5. A concrete base for a barbeque has a mass of 500N
and an area of 4m?. Calculate the pressure it exerts
on the ground.

6. Which exerts the largest pressure — a crate weighing
500N acting on a surface of 25m? or one weighing
400N acting on a surface of 10 m??

olving pressure problems )))

“you know what the values of two of

ne quantities in the pressure formula are,
ou can calculate the third quantity by
aarranging the formula.

= % orF=Px A

.n engineer can work out the
rength and size of designs needed
> withstand certain pressures. For
xample, a bridge needs to take
bads up to 45000 N. It is built on
round that can withstand 5000 Pa.
o calculate the area needed for the

ridge supports:
_F _ 45000 _

~ P~ 5000
are must be taken to use the correct units for all quantities. FIGUEE 2.1.7b: Hor\:v could you work
i . out the pressure that this piano
he area is in square metres be_cause the force was in exerts on the floor?
ewtons and the pressure was in pascals.

9m?

7. An engineer wants the floor of a car to be able to
take a total force of 12000N from all the seats. The
floor can take a pressure of 24000 Pa. What area must
the seat supports be?

8. When someone is on a trampoline they may be sitting
down or on their feet.

a) Explain whether the pressure on the trampoline is
higher when sitting or standing.

b) How could you calculate the difference in the
pressures exerted when sitting or standing?

c) Explain why the pressure exerted on a trampoline Know this vocabulary §
|S greater When a person bounces rather than ................................................................. [
stands still. pascal (Pa) '

|
|
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Explaining sinking ° iiﬁéarlsns:/r\iiy some objects float and

e Relate floating and sinking to

and ﬂoating density, displacement and upthrust.

e Explain the implications of these
ideas.

©000000000000000000000000000000000000000000000000000000000000000000000000000000000O0

The Greek physicist, mathematician and inventor
Archimedes had ideas that help us to understand
floating, sinking and buoyancy. Even though he
lived more than 2000 years ago his principles are
still used today.

=)

The density of a material compared to water allows you to e S i
decide if it will float or sink in water. Density is the amount . e
of mass in a particular volume of a material. If a material is ST — -
denser than water it will sink, and if it less dense than water ~ [SIRE L8 Weight is supported
it will float.

When an object is in water, the water provides a buoyancy
force called upthrust. If the force of weight is bigger than
the upthrust, the object will sink. Even when it sinks it is
partially supported by upthrust. When an object floats, its
entire weight is supported by upthrust.

1. Name three materials that are denser than water and
three that are less dense.

2. Explain why people feel heavy when they get out of
water after a long swim.

3. Suggest why some materials are denser than others.

Archimedes'’ principle -
H the upthrust force is equal to
Measurlng upthrUSt )) the weight of the displaced water

The weight of an object in air can be compared with its
apparent weight in water. The difference between the two
is the difference in upthrust provided by each.

Water is displaced when an object is lowered into it. The
weight of the displaced water is the same as the size of
the upthrust force. The size of the upthrust force depends
entirely on the volume of water displaced.

. |
Neutral buoyancy happens when an object neither sinks to it Van
the bottom nor bobs to the surface. It appears to hover in
the water. FIGURE 2.1.8b: Water provides

upthrust when it is displaced.
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4. Explain what the difference between the readings
on the forcemeter in the two scales in Figure 2.1.8b
tells you.

5. Explain the events in each of the situations (a) to (d)

using at least one of these words in each explanation:

dense, buoyant, upthrust, displace.

a) A lump of wood is lowered into water — the
wood floats.

b) The reading on a forcemeter goes down when a
suspended piece of steel is lowered into water.

c) A beaker full of water overflows when an object
is lowered into the water.

d) A boat made of steel floats.

)))

Viodern ships are made of
teel. The reason that the
hape allows them to float is
‘hat it displaces a large volume
»f water.

Did you know...?

i The cruise liner in

i Figure 2.1.8c can carry
i up to 3600 people,

i their luggage and all

. the facilities needed.

i The hull underneath

: the water is very large
i so that it can displace .
: enough water to provide
i the necessary upthrust. i

“he air inside the boat weighs
rery little compared to the
vater displaced.

Any object floating in water
lisplaces its own weight in
vater. The upthrust is equal
o the force of weight, so the
»bject does not rise or fall.

FIGURE 2.1.8c: How does this huge cruise liner float?

6. Draw force diagrams to show the forces acting on:
a) a lightly loaded ship floating in water.
b) the same heavily loaded ship floating on water.
c) a football that is being held under water.

d) a football the moment it was released after being
held under water.

7. Explain what would happen to a boat that was
gradually filled with water.

Know this vocabulary

denS|ty
buoyancy
upthrust
displaced

SEARCH: effect of density and upthrust on floating and sinking
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Checking your progress

To make good progress in understanding science you need to focus
on these ideas and skills.

Represent forces using
force diagrams.

Describe how materials
behave when subjected
to forces of tension or
compression.

Explain that friction is a
contact force opposing
the direction of
movement.

Recall that if the forces
on an object cancel out
that it is in equilibrium.

Describe the causes
and effects of varying
pressure on and by
solids.

Describe the size and
direction of forces using
force diagrams.

Explain the relationship

between the amount of
change in shape and the
size of the force.

Identify factors which
affect the size of
frictional and drag
forces.

Explain that if a
resultant force is zero,
the object will remain
at rest or continue to
travel in a straight line
at a steady speed.

Explain how force and
area can be varied

to alter the pressure
applied.

Explain how the size
and direction of forces
determines their effects.

Explain that, in some
materials, the change
is proportional to the
force applied.

Evaluate how well a
design reduces frictional
or drag forces.

Apply ideas about
resultant forces

and equilibrium to
unfamiliar contexts.

Calculate the pressure
applied by a solid from
the force applied and
the contact surface area.
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Describe the variation
of pressure in liquids
with depth and the
effects of this.

Explain why some
objects float and others
sink.

Describe how
atmospheric pressure
varies with height; state
some implications of
variations in pressure.

Recognise that pressure
acts in a fluid in all
directions.

Explain the variation of
pressure with depth in
liquids.

Use the concepts of
density, displacement
and upthrust in
explaining floating and
sinking.

Explain why atmospheric
pressure varies with
height; describe how the
effects of pressure are
used and dealt with.

Explain how liquids
are used in hydraulic
systems to transmit
forces.

Identify the causes and
implications of variation
of pressure with depth.

Apply ideas about
density and upthrust to
predict the outcomes of
various situations.

Identify some
implications of pressure
variation in situations
such as weather
patterns and high
altitude activities.

Carry out calculations
relating to hydraulic
systems in which the
applied forces are
increased.
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Questions

KNOW. Questions 1-5

See how well you have understood the ideas in this chapter.

1. Which of these statements about forces and movement is true? [1]

a) If an object is moving there must be a force acting.

b) When a parachutist opens his parachute he moves upwards.

¢) Balanced forces cause movement.

d) A moving object continues at the same speed unless an unbalanced force acts.

2. Which of these statements about forces and movement is always true? [1]
a) A moving object will stop unless a force acts on it.

b) A stationary object with forces acting on it will start to move.

€) When all the forces acting on an object are in equilibrium, its position will
not change.

d) When all the forces acting on an object are in equilibrium, its speed and direction
of movement will not change.

3. Which is the correct explanation of pressure? [1]

a) Pressure is higher when the force applied is smaller.
b) Pressure reduces when the area that a force is applied to is decreased.

¢) When you push a drawing pin into a board, the pressure is the same on
both ends.

d) Pressure depends on the size of a force and the area over which it is acting.
4. Which of the units is correct for pressure? [1]

a)Pa b)) Nm ¢ N d) m?
5. What pressure is produced by a 20N force pressing on an area of 2m?2? [1]

a) 100Pa b) 40Pa ¢) 10Pa d) 0.1Pa

APPLY. Questions 6-8 ‘

See how well you can apply the ideas in this chapter to new situations.

6. A child on a scooter is pushing herself along with a force of 100N. Another child
is helping to push the scooter along with a force of 70 N. Air resistance is 20N and
friction on the scooter’s wheels is 140N. What is the overall force on the scooter?
What will happen to its motion? [2]

7. Why does a wooden block float but a steel one sink? [2]

8. Explain how the pressure that a chair exerts on the floor would be affected if
wooden table mats were put under all the legs. [2]
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XTEND. Questions 9-11

2e how well you can understand and explain new ideas and evidence.

9. A boat carrying steel bars is unloaded. It is then loaded with aluminium bars of
the same size. Explain why the boat doesn't sit as low in the water now. [2]

10. Petrol engines need oxygen to react with fuel in the process of combustion.
Suggest why such engines are less powerful at high altitudes. [2]

I1. The air at high altitude is less dense. A person used to training at sea level travels to
a mountain camp at an altitude of 4000m. Comment on what the graph shows and
suggest why. [4]
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FIGURE 2.1.10a: Graph of a mountaineer’s fitness against time when
time is spent at 4000 m altitude.
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ectromagnets
Magnetism and Electromagnetism

Ideas you have before

Magnetic fields

Magnetic forces act at a distance; they are non-contact
forces.

A magnet produces a magnetic field.

Magnetic attraction and repulsion
Magnets have two poles.

Two magnets will attract or repel each other, depending
on which poles are facing.

Magnetic materials are attracted by a magnet. There are
several magnetic materials, including iron and steel, but
most metals are not magnetic.

Explaining electric circuits

Components in circuits can be arranged in series, in parallel
or in both. These arrangements have different effects on
the voltage and current, and provide different applications.

Current depends on the ‘push’ given by the battery, known
as the voltage.

Circuits and components

The brightness of a lamp or the volume of a buzzer is
associated with the number and voltage of cells used in
the circuit.

Symbols can be used to represent a simple circuit in
a diagram. '

%N
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