Archimedes’ Principle

Buoyant Force ig s
Photograph 2.7 shows two pieces of plasticine, P and @ with the — ; %’Sﬁ

same mass. When the two pieces of plasticine are placed in a Tangiu Tengah Zaharah Mosqus
container with water, plasticine I* sinks while plasticine @ floats al Teluk |bai, Tarenggany s the
on the surface of the water. How does this situation occur? first Boaling mosque in Malaysa,
Thits mesque is bullt on a floating
— - platiom at the estuary of & river
Side view: Top view: and can accommadate up lo
2 (00 woeshippers. The booyant
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Photograph 2.7 Masticine ln a container of water

P

Aimi: To discuss the buoyant force on an object immersed in a liquid

Instructions:

1. Carry out this activity in puirs.

2. Swdy Figure 227 that shows a cylinder e ]
submerged in a liquid. s

3. Compare the depth of the top surface and the

depth of the bottom surface of the cylinder.

Compare the liquid pressure on the top surface — Top surfuce

with the liguid pressure on the bottom surface of T [ — of:cylinder

the cvlinder.

5. Compare the magnitude on the force on the
top surface with the magnitude of the force on Y.

the bottom surface on the cylinder caused by L
the liguid pressure. surface
6. What is the direction of the resuliant force acting o R of cylinder

on the cylinder as a result of the difference in
liguid pressure?
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Buovant force is the force acting upwards on an object immersed in a liquid when there
is pressure difference between the lower surface and upper surface of the object. The formula

for buoyant force can be derived as follows:

“EE Fonce, F
hy
Surface
ﬁ!

R 1 arca, A

Foree, F,

Figure 2,28 Cylinder fully sbmerged (o a liqudd

Pressure on the top surface, P, = h pg
Force acting on the top surface, F, = P A

= hpgA
Pressure on the bottom surface, P, = hpg
Force acting on the bottom surface, F, = P, A

Resultant force, F (upwards) = F, - F,

= h’pgA - hjpgri
=pAih-h)g
= pAhg

= pVg

This resultant force is the buoyant force, F.

Archimedes’ principle states that an object which is
partially or fully immersed in a fluid will experience a
buoyant force equal to the weight of fluid displaced.

Buoyant force = Weight of fluid displaced

f." = i‘ 'l 'x

L L1 GALLERY g
Fluids consist of liguids and gases
Archimedas” principle is usually
applied to bquids becalsa Rquids
hawe a higher density than gases
However, Archimedes’ principle
should be applied 1o gases in
canditiang whare the magnitude
of I buorant fonoe cannot be
neglected compared b0 the: weigh
of the pbject, An example ol this is
fhe mation of hal air balicons

00E00 Info.

Height of cylinder, h = (h, =B}
Volume of cyinder, V= Ah

Ve Alf =f)
The: volume of cylnder is e Same
a5 the volumss of water desplaced

O0E0R Info.

Sy p = -';.—1. tha mass of waler
desplaced is m = p\f
‘Weaghl of water displaced,

Wamg

W=plg




Bl Experiment 23/

Inference: Buoyant force depends on weight of liguid displaced

Hypothesis: The greater the weight of liquid displaced, the greater the buoyant force

Aim: To determine the relationship between the buoyant force and the weight of liquid displaced
Yariables:

(a) Manipulated: Weight of water displaced

(b} Responding: Buoyam force

{c) Constant: Density of water

Apparatus: Slotted weights, Eureka can, beaker, spring balance, electronic balance, retort stand
and wooden block

Material: Water

Procedure:
1. Set up the apparatus as shown in Figure 2.29,

|
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Spring balance I

= Reton stand
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Water [\ Beaker J\

Aok e Electronie
halance
E = | 8
fa) (&)
Figure 229

2, Hang a 100 g slotted weight on the spring balance. Record the weight of the slomed weight in
the air, W, in Table 2.6.

3. Place the beaker on the electronic balance. Reset the reading of the electronic balance to zero.

4. Immerse the slotted weight fully into the water. Record the weight of the slotted weight in
water, W,

5. Calculate the buoyant force, £ = W, - W,
6. From the reading of the electronic balance, caleulate the weight of water displaced, W,
|Assume | kg = 10 N|

7. Repeat steps 2 to 5 using slotted weights of mass 200 g, 300 g, 400 g and 500 g.
8. Record all your results in Table 2.6.
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Results:

Weight in the air, Weight in water,
W IN W_IN

Data analysis:

1. Pltotthe graph of W, against £

2. Caleulate the gradicnt of the graph,

Conclusion:

Whit conclusion can be drawn from this experiment?
Prepare a complete report for this experiment.
Discussion:

1. What is the value of the gradient of the graph?

2. State the relationship between the buoyant force and the weight of water displaced based on
the results of the experiment.

Figure 2.30 shows the flow and relationship between the concepts involved in Experiment 2.3

Oibject Object brect —
Ohbiect in the air submerged in displaces ExpRnigon NI e
! - liguid liguid apparent loss acts on object
iqui iguic in weight
| | [ | |
Weight of object Weight of Volume of liquid  Apparent loss in Buoyant force
in air is the object in liquid displaced = weight of an object = = weight of
actual weight is the apparent valume of the weight of an object liquid displaced
of abject weight of object  submerged part  in the air - welght of

of the object an object in lguid

Flgure 2.30 Relationship Detween oomoepits thart explaln buoyand force amd the welght of Uquid displaced

Buoyant force = Weight of liquid displaced

Apparent loss in weight
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Relationship between the Equilibrium of Forces and the State of Floatation of
an Object in a Fluid

When an object is submerged in a fluid, the object experiences two forces: the weight of the
ohject, W due o gravity and the buoyant force, F due to the fluid displaced. The state of
floatation of the object is determined by the relative magnitudes of the two forces,

Figure 2.31 summarises the state of (loatation of an object in a Auid.

Besoyani force, F"

ot

Welght. W

Huoyant FI- i
'

Torce, F,
4
E W

et is
stathonary with an acceleration, a

(Al e T e sy e



Figure 2.32 shows the forces acting on a ship

floating on the surface of the sea. Forces acting on the ship are in
equilibrium. The resultant force on the
Bsoyum force ship is zero.

Hence, weight of ship = buovant force

Based on Archimedes principle,
Buoyant force = weight of water displaced

Therciore,
Weight of ship = weight of water displaced

Section of the ship below Volume of sea = volume of the scction
the sea level will water displaced  of the ship immersed
displace water : : in sea water
Weight of ship |
- e a—— .
Figuere 2.32 Ship floating on the sea A
‘This shows that an object floating on the surface of water :Wmﬁlﬁm?m“
needs to s.!usplm.- an amount of water which has the same weight mﬂnm'dwmn“mmy‘
as the weight of the object. of waler displaced = equal 1o the
weight af the ship
Applications of Archimedes' Principle in
Daily Life

A hydrometer is a measuring instrument that applies Archimedes” principle to measure the
density of liquids, The hydrometer will float at different levels of depth in liquids with differemt
densities as shown in Figure 2.33, When the hydrometer is stationary in a liquid, the weight of
liquid displaced is equal to the weight of the hydrometer. In a less dense liquid, a larger section
of the hydrometer is immersed in the liquid to displace a larger volume of liquid, and vice versa.
Figure 2.34 shows a milk hydrometer that is commonly used at milk manufacturing factories to
test the dilution of milk.

m High density liguid " i

050 1 |
. 168
- - - )
.50 == Hydrometer 1 = Hy drommeeler
reading IF_E reading
L0
I.im
i =
+ Used in milk manufacturing
factories
« T test the dilution of milk
et —_— + Range: 1.000 - 1.240 g cm™*
Figure 2.23 Measuring the density of lguid wsing o hydrometer Figure 2,34 Milk hydrometer
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L Activity £X71

Aim: To use a hvdrometer (o determine the density of various liguids

Apparatus: Hydrometer and three 100 ml measuring cylinders

Materials: Distilled water, ofive ofl and glveerine

Instructbons: t'ﬁom. =

1. Fll III!UE' measuring cylinders with distilled water. olive oil and A hydkometsr mazsures spacic |
ghyoerine respectively. graly. [hat is e density ol a

2, Immerse the hydrometer slowly into the distilled waer. ligqui redatrvs i the densty of
Record the reading of the hydrometer when i is stmionary. waer, The hydrometer feading
5 s e dangity ol the bqud il e

3. Remove the hydrometer. Clean and dry the hydrometer. density of water is 1.00 g amr

4. Repeat steps 2 and 3 for olive oil and glvoenine,
5. Record all your readings in Table 2.7,

Resulis:
Table 2.7
et | ot
Distilled water
Olive odl
Glycerine
s wssion:

1. Why does the scale of the hydrometer not start from zeno?
2. Why is the smaller scale reading of the hydrometer al the top end of the tobe?
3. State one precaution while carrying out this activity,

How does a submarine submerge and
emerge in the sea? Carry out Activity 2.11 to
show the working principle of ballast tanks
in submarines.




G Activity £33 o

Aim: To construct a Canesian diver to show the working principle of ballast tanks in a submarine
Apparatus: 1.5 litre plastic bottle and o test tube that can be inserted into the plastic boale
Materials: Masking tape, water and food colouring

Instructions:

1. Prepare the apparatus as shown in Figure 2.35(a).

2, Fill the test tube with water until it is three guearter Tull. Invert the test tube and quickly put
it inside the plastic boatle, The test tube should Noat on the surface of the water as shown in

Figure 235(h).
Boitle filled with Lol
colouned water
Test tabe
Test tube
= .
Masking tape
fan) ]
Flgure 2.35

3. Observe the level of water in the test tube,

4. Squeere the lower part of the bottle so that the test tube sinks slowly 1o the hase of the bottle.
Observe the level of water in the wst tube,

5. Slowly release the pressure on the bottle so that the test tube moves up again o the surface of
the water. Observe the change in the level of water in the test tube,

Discussion:

1. (a) Compure the level of water in the test wbe when the test tbe is foating on the surface and

when it sinks 1o the base of the bottle.
(b} Compare the volume of water in the test tube when it is loating on the suface and when it
sinks to the base of the boule.

2. How does the volume of air in the test tube change when the
fest tube moves up from the base of the bottle o the surface
of the water?

3. Explain the movemnent of the test wbe by applying
Archimedes' principle.




Figure 2,36 shows the ballast

tanks found in a submarine, The
working principle of the ballast tanks

in a submarine is similar to the
working principle of the Cartesian
diver in Activity 2.11.

Figure 2,36 Fallast tanks o o submarine

Test tube Moats
on e sanfice

of water Toapped air
Waler in the
ottt Tirst i b e Tragped air
sinks
{a) Test tube floating on the surface of water (b) Test tube sinks in the water

Figure 2,37 Working principle of bailust tonls in o submiaring

Figure 2.37 shows the working principle of ballast tanks using the Cartesian diver. When the
test tube is floating on the surface of the water, the total weight of the test tube and the weight of
the water in it is equal to the buoyant force, The pressure exerted on the wall of the bottle causes
wiater 10 be pushed into the test wbe, This causes the weight of water in the test tube to increase,
Therefore, the total weight of the test wbe and the weight of the water in it is greater than the
buoyant force. A resultant force acting downwards is produced and causes the test tube to sink o
the base of the battle.

Adm: To seiwrch Tor informition on the applications of Archimedes' principle

Instructions:

1. Curry out a Gallery Walk activity.

2, Scan the QR code to watch the video on the applications of
Archimedes” principle for (the three examples given.

3. Then, scan the QR code given on page 75 or refer 1o other
reference materials o oblain funher information on:
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(a) Ship and Mimsoll line

s tnk

Parachute valve

Ruope of
parschune valve

oges L DXL G

Mg i e DL

OO0E00 Info.

Balloon goes up when:

« parachuby valve is cosed

* bumer i igniled

* air is heated up

+ weight of balloon < buoyant foroe

Balioon comes down whan
+ parachule walve is openad
+ hot air is released
* bumer s med off

4. Present your findings in the form of a multimedia presentation entitled * Applications of Archimedes®

Principle in Daily Life’,

15 LK




Solving Problems Involving Archimedes' Principle and Buoyancy
When an object is in a fluid:

Buoyant force = weight of fluid displaced

F,=pVg

When an object is floating in a uid:

Buoyant force = w l;i!_:i'lt of object
= 'I.\:.'i'l;hl of Auid dihpl;ll;t.'d

' Figure 241 shows a line L on a boat, The volume of
| the boat below the line L is 2.8 m’. The mass of the
boat is 600 kg. What is the weight of the maximum
load that can be carried by the boat?
[Density of water, p = 1 000 kg m™* and
gravitational acceleration, g = 9.81 ms* |

Line L

Figure 2.41
Step 1: Step X: Step ; Step d:
Tdentify the Identify the Identify the formula  Solve the problem
problem information given that can be used numerically
@ Let the weight of maximum boad that can @ Weight of boat, W = myg
be carried = B W + B = buoyant force
= weight of water displaced
& Volume of boat below line L = 2.8 m* =pVi
When the boat floats with a depth of
immersion at line L, volume of water
displaced, V = 2.8 m’ o W= E‘m % 9.81
Density of water, p = 1 000 kg m™* B i i
Gravitational acceleration, g = 9.81 m s~ 5886+ 8 = 1 000 x 2.8 x 9,81
Mass of boat, m = 600 kg B = 27 468 - 5 886
=21 582 N



Photograph 2.8 shows a raft floating in the sea, The mass of the raft is 54 kg and lhe density of sea

water is 1 080 kg m**, - z

[Gravitational acceleration, g = 981 m 5]

(a} What is the weight of the rafi?

(b} Compare the weight of the raft with the weight of ‘f‘“‘-t,.-
sea water displaged. —

{c) Calculate the volume of water displaced by the raft, &

P Solution Y

{a} Weight of raft, W (b} The raft is in equilibrium
Mass of rafi, m = 54 kg Weight of raft = buoyant force
Gravitational acceleration, g = 9.81 m s According to Archimedes’ principle,
W=myg buoyant force = weight of water displaced
=54 x 981 Therefore,

=31974 N welght of raft = weight of sea water displaced
{c) Volume of water displaced, V'

Weight of rafi, W = 529.74 N
Density of sea waler, p = 1 080 kg m™
Welght of raft = weight of sea water displaced

W =pVy

52974 =1 080 x V = 981
VoS24

1 080 = 9.81
= (.05 m’

1. State Archimedes principle.

2. A small boat displaces 3.8 = 107 m’ of sea water. Calculate the buovant force acting on
the boat.
[Drensity of sea water, p = 1 050 kg m™* and gravitational acceleration, g = 9,81 m 7]

| A Figure 2,42 shows a block of mass 0,48 kg and volume
5.0 % 10 m* being held in water. The density of water
is | 000 kg m™. Determine the movement of the block
whien it is released. &8
[Density of water, p = 1 000 kg m~ and
gravitational acceleration, g = 9.81 m 57|

B 254




Bernoulli’'s Principle

Figure 2.43 shows a pupil trying to lift a folded piece of paper by blowing air below the paper.
When he blew hard below the paper, the paper was pressed close 1o the surface of the table. It is
due to the difference in velocity of air and pressure,

TR T e P T

{a) Before air is own (B) When air is blown

Figure 2,43 Effect of Woundng alr below a folded piece of paper

e Activity £X5]

Aim: To generate the idea that high velocity of fluids creates a region of low pressure
Apparatus: Retort stand and Venturi tube
Materials: A4 paper. two balloons, thread, water and drinking straw

Instructions:
0 Paper

1. Hold a piece of A4 paper with both hands and blow across the

top surface of the paper as shown in Photograph 2.9,

2, Observe the movement of the paper.

Dhiscussion:

1. Compare the velocity of air above and below the paper.

2, Describe the movement of the paper when air is blown above it.

(3 Balloons

1. Hang two inflated balloons near each other as shown in
Photograph 2.10.

2, Use adrinking straw 1o blow air into the space between the
two balloons,

3. Observe the movement of the balloons.

Phategraph 2.10

gﬂ B 261
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Discussion:

1. Compare the velocity of air in between the two balloons with the velocity of air around them.
2. Deseribe the movement af the two balloons.

(3 Venturi tube

1. Set up the Venturi tobe as shown in Figure 244,

Figure 2,44
2. Tum on the water tap and let water flow into the Ventun tabe until the water levels in the vertical
twbes A, B and C are hall the heights of the tubes,

3. Open the clip o allow the water to flow out into the sink. Adjust the water tap and the clip o
control the water fow until the water levels in the vertical wbes are stable, Ohserve the beights of
the water columns in the twhes.

Discussion:

1. What is the relationship between the height of the water column in the three tbes with the
water pressure?

2. Compare the heights of the water columns in twhes A, 8 and C.

The observations in Activity 2,13 are caused by the effect of fluid velocity on the pressure
in the fluid. The Mow of air at high velocity produces a region of low pressure compared to the
pressure of the surroundings. The pressure difference produces a force that acts from the region of
higher pressure towards the region of lower pressure. The effect of the action of this force can be
seen in the movement of the paper and balloons as shown in Figure 245 and Figure 2.46.

Region of high air
velocily and
Joaw pressare

Region of high
ar selocily amd
lowy pressure

Figure 2,45 Paper pushed upwards Figuire 2,46 Balloons niove claser fo each other

D &S




In a Venturi tube, the heights of the water columns in tubes A, B and C show the pressure
at X, ¥ and Z respectively as shown in Figure 247,
A # € |r The pressure at X is higher
than the pressure at 2 because
water flows from X 1 Z
Therefore, the height of the
water column in tube A is
higher than the height of the
water column in tube .

[Froam water tap

| == To the sank
T

£
Figurre 247 Venturi tnbe
The velocity of water depends on the cross-sectional area
of the tube. The smaller the cross-sectional area, the higher the
velocity of the water. From X to Y, the velocity of the water
increases and the water pressure decreases. From Y 1o Z, the
velocity of the water decreases and the water pressure increases.

Wit @ Auid fiows continuously
Bernoulli's principle states that when the velocity of a fluid | &Fpe. the smaler ihe diameter
increases, the pressure in the fluid decreases and vice versa. sgrdm' s gt M ety

Lift Force

Photograph 2.24 shows an acroplane taking off at the airport. How is the lift force produced to
lifi the aeroplane up into the air?

Thrust

Force produced by
the jet engines
Drmg

Adr resistance that

opposes movement Welght
Gravitational force on

the seroplane

1 s

Fhoiograph 211 Acroplane teking afl at the alrpori




s Activity £27]
Aim: To observe the effect of lift foree

Apparatus: Filler funnel, silicone tube, aeroloil kit and reton stand
Material: Ping pong ball

Instructions: Riow |
) Filter funnel with a ping pong hall fl:l':’l"‘
1. Set up the appamtus as shown in Figure 248, Place the ping )

pong ball in the invered filer funnel, Filter futmel
2. Hold the filier funnel and Blow hard through the silicone tube o

connected o ihe filier funnel, Observe the movement of the H“Iﬁ podig

ping pong ball,
Discussion:

1. ldentify the region where air flows with high velocity,
2. What happens (o the ping pong ball? Explain your answer.

O Aeroloil kit
1. Set up the acrofoil kit as shown in Photograph 2.12.

Photograph 2.12

2. Switch on the blower so that a stream of air blows past the acrofoil, Observe the motion of
the aerofoil.

3. Switch off the blower, Observe the motion of the acrofoil.

Dhiscusshon:

1. What happens to the aerofoil when air is bBown?

2. What is the direction of the resultant force on the serofoil?

3. Compare the pressure in the air that fows over the top surface and the bottom surface of
the aerofoil.

4. Identify the regions of air flow with high velocity and low velocity
around the acrofoil.




Effect of Lift Force on a Ping Pong Ball |

Air

Lift force is produced from the difference Silicane tube
in pressure cansed by the flow of air o
different velocities, Air flowing at a high .

4 2 Filier funnel
velocity above the ping pong ball as shown
in Figure 2.49 pr:.bduv:cs a region of low Region of high air
pressure. The difference between the speed and low

high pressure below the ball and the low
pressure above the ball produces a resultant
force upwards. This resultant force is the lift
force that lifts up the ping pong ball. Lifi force
b

pressune
Fimg pomg hall Région of
high pressisne

it

Production of Lift Force by the Aerofoil ..

‘The agrofoil shape of the wing of an aeroplane causes air to flow at different speeds past the top.
section and the bottom section, ﬁmdlngmﬂemulﬂ.’:pdnc‘ﬂnlﬁhldmﬂrv&udqnﬂu
top section produces a region of low pressure while the lower air velocity at the bottom section
produces a region of high pressure. This difference in pressure produces a lift force acting upwards
on the acroplane as shown in Figure 2,50,

-

Region of air Mhow o high velocily
creates. regeon of low pressane

s

Lift foace

yYyYvyyvwy

Region of nir Mow at low velocity
creates region of high pressane

Figure 2,50 Procuction of ljt force by the aerofiil Fiyure 251 Angle of attack on gerofoil

The votal lift force acting on the aeroplane is also affected by the angle of attack as shown
in Figure 2,51, When the aerofoil is at a certain angle of attack, the aerofoil exerts a force on the
air flow, According to Mewton's Third Law of Motion, a reaction force will act on the wing of the
aeroplane and contribute 1o the lifi force that acts on the aeroplane.

Led D
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Applications of Bernoulli's Principle in Daily Life

Bernoulli's principle is applied widely in various fields from small devices in homes to large
commercial aircraft.

| Activity £1 ey

Aim: To search for information on applications of Bemoulli's principle in daily life

Instructions:

1. Carry out this activity in groups.
2. Study Figure 2,52 that shows four applications of Bemoulli's principle in daily life,

Alr hole

[ Mamow
Gas supply — olet
S
{a) Mixture of gas and air in a {b) Production of a downforce for racing cars
Bunsen burner

Laft fonce

wing

Weight

(¢} Curved path of a football {d) Production of lift force by the serofoil
and the angle of attack on an acroplane

Figure 2,52 Appilications of Bernoull's principle in daily life

3. For each application, search for further information,
4. Prepare o multimedia report of your findings.




g ;
216 AETE I
Aim: To design a paper acroplane bised on the applications of Bemoulli's principle and Newiton's
Third Law of Motion
Instructisns:
L. Curry oul this activity in groups,

2. Gather information on paper acroplanes from reading materials
or websites covering the following:

(i) materisls reguired
(b) design of a paper seroplizne that can My far for a long time
(e} the way to launch the paper scroplane
{dy direction of wind during lunch
3. Use the K-W-1L Data Strstegy Form,
Sketch a diagram showing the design of the paper seroplane,
Build the paper acroplane acoording 1o the suggesied design.
Launch the paper aeroplane and observe its fight.

7. Identify the aspects of design and the methed of launching that
requires improvement,

8. Discuss steps for improvement that can be carried out.
9. Build o new paper aeroplane and test its Aight.
10. Present the design and the paper aeroplane.

LB

Formative Praglice 2.6

1. State Bernoulli's principle.
2. Explain three ways of using a piece of A4 paper to demonstrate Bernoulli's principle.

3. Figure 2.53 shows the cross section of the wing of an aeroplane when the aeroplane is
accelerating along the runway and when it begins to take off from the runway,

() Accelerating along the remwary (b)) Tirkisrg aff freem the raway
Figure 253

With the aid of labelled diagrams, explain how the lift force is produced when the acroplane
takes off. &

= >
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@ Self-Reflection

1. Mew things | have learnt in the chapter on "Pressure
are

2. The most interesting thing I have learnt in this chapter is & a
3. The things I still do not fully understand are =d .
4. My performance in this chapter.

Poor (&g 12T E A [T C@v.,-rygmd

5 1 need to _ & _ to improve my performance in
this chapter.

Summative Praclico Y

1. (a) Derive the formula for pressure at depth h in a liquid with density p. 8
(b} Calculate the pressure at depth of 24 m in a lake that comaing water with a
density of | 120 kg m*. &

[Gravitational acceleration, g = 9.81 m 7]

2. Figure 1 shows the apparatus for comparing the ﬂ f i

densities of two types of liquid after some air is sucked

out of the apparatus, |

{a) Explain why the pressure at poimt A is equal to the
pressure at point B,

Airsucked our | [E

(b} Caleulate the density of liquid X. . L X |
ity of e B 6.0 cm 350
[Density of water, p = 1 000 kg m~'| sicer—8 cm
| 3. Compare and contrast the existence of pressure in the
liquids and the atmospheric pressure. & Pl Point| | |
| l A [ 1 Blly [
Higure 1

Leod
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Figure 2 shows a U-tube containing mercury.
Vacuim
Poant ¥
b = 756 mm Mercury
Posing ¥ Point &
Figure 2

{a) What is the pressure acting on point X and point ¥ on the surface of mercury?

() By comparing the pressure at point X and point Z, explain why the height of the
mercury column, & is & measure of atmospheric pressure. @

(e} Determine the atmospheric pressure in Pa,
[Density of mercury, p = 13 600 kg m~" and gravitational acceleration, g = 981 m 57|

A mercury manometer is connected 1o a cylinder containing gas. The gas pressure in the
cylinder and the atmospheric pressure are 180 kPa and 103 kPa respectively.

Sketch a diagram of the manometer connected to the gas cylinder. Determine the height of
the mercury column in your sketch, &

[Density of mercury, p= 13 600 kg m™' and gravitational acceleration, g = .81 m s7]

In a hydraulic brake system, the driver of the vehicle applies a force of 80 N on the brake
pedal. This force is muliplied by the mechanical lever system to be a 400 N input force on the
hydraulic liquid in the master cylinder. The diameter of the master cylinder and the diameter
of the slave cylinder are 0.8 cm and 2.5 cm respectively.

(a) Calculate the pressure on the hydraulic liquid in the master cylinder, #8
{b) State the principle that enables pressure to be transmitted from the master cylinder 1o
the stave cylinder.

{c) What is the braking force produced at the slave cylinder to stop the rotation of
the wheel? &

. A wooden block with volume 3.24 x 107" m® is released in a tank of water. By doing the

relevant caleulations, sketch the state of busyancy of the wooden block in the tank, @&
[Drensity of wood, p = 920 kg m, density of water, p = 1 000 kg m~ and
gravitational acceleration, g = 9.81 m 57|
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8. Figure 3 shows two designs of a hydraulic jack, X and ¥ which were suggested by a technician, !

Design X

Small piston Chl reservioar

Figure 3

{a) By referring to design X, describe the operation of the hydraulic jack. &

(b) Swdy design X and design ¥, Compare the advantages and disadvantages of design X
and design Y. &

{c} Based on your answer in 8({b), suggest a design of hydraulic jack that can produce a
larger output force and lift a load to a greater height. &

9. A hot air balloon is in a stationary position in the air.
{a) State Archimedes' principle,
(b) Explain the relationship between the weight of the balloon and the weight of
air displaced. &
(€} When the flame of the burner is extinguished and the parachute valve is opened, the
balleon begins to descend. Explain how this action enables the balloon to descend to
the ground. &

10. Figure 4 and Figure 5 show the same metal -
blocks of mass 0,050 kg hanging from a
spring balance, immersed in water and
cooking oil respectively. l 03N
{a) Compare the pressure at point A and
point B in Figure 4. Explain your answer.
(b} Explain how the difference in pressure
in 1a} exerts a buovant force on the
metal block. il
(c) Calculate the density of cooking oil if the
density of water is 1 000 kg m™', &
|Gravitational acceleration, g = 9.81 m 57|
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Explain the production of the downforce due to the air flowing past the: #
{a) inverted aerofoil-shaped spoiler
(b} top and battom sections of the car

12. Figure 6 shows part of the hydraulic brake system of a car. A driver finds that the brake has to |

be pressed harder and further in to stop the car.
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{a) Identify the weaknesses in the hydraulic brake svstem of the car, @

(b} By using suitable physics concepts, suggest modifications to the brake system
s0 that the car can be stopped more effectively. Your answer should include the
following aspects: @8
{i} characteristics of the brake fluid
(i} cross-sectional area of the master cylinder
(fii} cross-sectional area of the wheel cylinder
{iv} length of the brake pedal bar
(v) other suitable designs



