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Measurements MCQ

1 Diagram 1 shows a measuring cylinder containing water.
Five identical steel bars are now lowering the measuring cylinder

Diagram 2 shows the new water level in the cylinder.
cmd cmd
<\ 100 <\ 100
90 907
807 807
707
60
507
407
30
20
107

steel ball

diagram 1 diagram 2

What is the volume of each steel ball?

A 6cm® B 14cm®

C 30cm® D 70cm®

2 The weight of an object is found using the balance
shown in the diagram. The object is put in the

left-hand pan and various weights are
put in the right-hand pan.

[°) [~

A

object

These are the results.

weights

3 A stopwatch is used to time a runner in a race.

The diagrams show the stopwatch at the start and
at the end of a lap of the race.

start of lap
How long did the runner take to finish the lap of the race?

A 50.00 seconds

C 90.00 second

S

D

end of lap

B 50.10 seconds

4  Which option contains only apparatus

that could be used to determine the volume of

a small block of unknown material?

A measuring cylinder, metre rule

measuring cylinder, stopwatch

B
C metre rule, balance
D

metre rule, stopwatch

100.10 seconds

A making sure her eye is level with the water surface
B making sure the cylinder is vertical
C reading the bottom of the meniscus

D using the largest measuring cylinder possible

The diagram shows an enlarged drawing
of the end of a metre rule. It is being used
to measure the length of a small feather.

6 A student uses a measuring cylinder to
measure the volume of a quantity of water

Which action would make her result less accurate?

mm
cm

T T T

110
1

|

FT T T T T TTT

2‘0
2

FT T T T T TTT

310
3

|

T T

5 The diagram shows a measuring cylinder used
to measure the volume of a small stone.

50

N cm® [

weights in the right-hand pan effect

0.1N, 0.1N, 0.05N, 0.02N

balance tips down slightly on the left-hand side

0.2N,0.1N, 0.01N

balance tips down slightly on the right-hand side

What is the best estimate of the weight of the object?

A 027N B 029N ¢ 0.31N

D 0.58N

A
C

8cm?®
14cm?®

\ cm®

50

r

What is the volume of the stone?

B 9cm®
3D 26cm’

stone

What is the length of the feather?
A 19mm
C 19cm

8 The diagram shows a measuring cylinder.

Which unit would be most suitable for its scale?

L 100
[ 90
[ 80
70
60
- 50
_—40
[ 30
[ 20
10

B 29mm
D 29cm

A mm?

Cc

cm

2

B mm®

D

cm

3



9 A piece of cotton is measured between two points on a ruler.

" A 32cm/s B 3.7cm/s
l coron l C 6.4cm/s D 74cm/s
12 A pendulum is swinging. Five students
om 1 > 3 4 5 6 7 8 9 10 11 12 13 14 15 16 each measure the time it takes to swing

through ten complete swings.
When the length of cotton is wound closely around a pen, it goes round six times.

six turns of cotton

Three students measure the time as 17.2s.
Another student measures it as 16.9s,
and the fifth student measures itas 17.0s.

What is the average period of the pendulum?

What is the speed of the bubble between P and Q?

What is the average time for one circuit of the track?

A B 180s
Cc

174s

198s D 200s

15 The diagram shows the height
of a stack of identical coins.

stack of
coins

2.40cm

] ] R A 1.69s B 1.70s
What is the distance once round the pen? C 171s D 172s
A 22cm B 26cm C 13.2cm D 15.6cm 13 A student uses a ruler to measure the length
) . and the width of a small rectangular metal plate.
10 What is the most accurate and precise ] ] -
method to measure the thickness of a coin? metal plate What is the thickness of one coin?
A Use a micrometer screw gauge. A 0.20mm B 2.0mm
. C 0.24cm D 20cm
B Use a ruler and look at the scale perpendicularly.
C Use a top pan balance.
D Use the displacement method with water ;
in a measuring cylinder. < length . < width .
11 A student determines the average speed of a Il I‘IIII|IIII‘IIII|IIII‘IIII|IIII‘IIII|IIII IIII|IIII‘III IIII‘IIII IIII‘IIII|IIII‘IIII|IIII‘IIII|IIII IIII|IIII‘III
bubble rising through a liquid at constant speed. 0 1 9 3 4 5 0 ] 2 3 4 5
When the student starts the stopwatch the bubble
is at position P. cm cm
After 2.0's the bubble is at position Q. .
What is the area of the plate?
pubble A 14.0cm? B 147cm® C 16.0cm? D 16.8cm?
18— |  da 14 A cyclist rides round a track three times.
19
20
21 B N
22
23 Her friend uses a stopwatch to record the time at the start of the ride, after one circuit, and at the
” end of the three circuits. The readings from the stopwatch are shown.
25 D 'l I OO O o SO O
1 _ap D R P Dm PR AR PR D PR PR R PR
26
cm at the after at the end of
27 bubble start oge circuit three circuits




16 Five athletes P, Q, R, S and T compete in a race.
The table shows the finishing times for the athletes.

athlete P Q R S T

finishing time /s 22.50 24 .40 25.20 26.50 23.20

Which statement is correct?

Which statement is correct?

A Athlete P won the race and was 0.70s ahead of the
athlete in second place.

B Athlete P won the race and was 1.90s ahead of the
athlete in second place.

C Athlete S won the race and was 1.30s ahead of the
athlete in second place.

D Athlete S won the race and was 2.10s ahead of the
athlete in second place.

17  Which instrument is used to measure
accurately the diameter of a thin metal wire?

30cm ruler
measuring tape

metre rule

o o0 w >

micrometer screw gauge

18 A cylindrical can is rolled along the ruler shown in the diagram.

starting position final position
-\\ can rolled S
/7 “
mark on —_— ! 1 —_—
can ‘\ v ,,’ v
[T T T T[T T T T[T I T T[T T T T [T T T T TTT]
Ocm 5 10 15 20 25 30cm

The can rolls over twice.
What is the circumference (distance all round) of the can?
A 13cm B 14cm C 26cm D 28cm

19 A geologist places a small rock on the left-hand pan of a balance. The two pans are level as
shown when masses with a total weight of 23N are placed on the right-hand pan.
Take the weight of 1.0kg to be 10N.

masses

What is the mass of the small rock?

A 0.023kg B 23kg C 23kg D 230kg

20 Which pair contains only physical quantities that vary with temperature and so could be used in
making a thermometer?

A activity of a radioactive source, volume of a gas
B mass of a liquid, volume of a liquid

C activity of a radioactive source, mass of a solid
D

volume of a gas, volume of a liquid



Measurements

A student has a stack of 20 identical coins.

Fig. 1.1 shows the student measuring the height of the stack using a ruler.

cm

15—
= ‘%eye
10 =
5 :% stack of
= 20 coins
0_5

Fig. 1.1

(a) With his eye at the position shown, the student’s measurement of the height of the stack is
6.8cm.

Suggest two reasons why the student’s measurement is inaccurate.

Lo ettt et e ettt tee e et eteee—eeatee e —eeaheeasteeasteateeaseeeaseeasaeeteeeneeebeeanteeaneeinaeeaseeaneeareeeteenneeanren
2 e e ettt eeeeee ettt eteeeeeeaheeeteeaaeeete ettt eteeaaeeeteeeaeeeahee e bt e aneeenneeaReeeteeeneeeareeenteenneeenrean
(2]
(b) Another student correctly determines the height of the stack as 7.7 cm.
Calculate the average thickness of one coin.
thiCKNESS = .evvieeei e cm [2]

(¢) The mass of a single coinis 12g.

State this mass in kg.

[Total: 5]



In the past, burning candles were used as timers.
(c) The difference in the length of the candle from the start to the end of the experiment

A boy carries out an experiment to make his own timer using a burning candle. was 1.8cm.

Fig. 2.1 shows the length of the candle, and the clock he used, at the start of the experiment and Calculate the rate, in cm/hour, at which the candle burns.

at the end of the experiment.

start of the experiment end of the experiment
clock clock

AN \
11:50 (14:05 )

candle at —|

the start candle at

the end ’

‘ rate = ..o, cm/hour [2]
(d) The boy estimates that he would need a candle about 24cm long, of the same material and

/ 5.0cm T diameter, to make a candle timer that would last at least one day.

\ 3.2cm

State whether the boy’s estimate is correct. Give a reason for your answer.

Fig. 2.1 (not to scale)
(a) The candle has a cross-sectional area of 1.6cmZ.
Calculate the volume of candle at the start of the experiment.

[Total: 8]

(b) Use Fig. 2.1 to complete the table.

time at start of the experiment

time at end of the experiment

time for which the candle | .................. hours .................. minutes
was burning

(2]



The period of the vertical oscillations of a mass hanging from a spring is known to be
constant.

(a)

(b)

A student times single oscillations with a stopwatch. In 10 separate measurements, the
stopwatch readings were:

1.8s, 1.9s, 1.7s, 1.9s, 1.8s, 1.8s, 1.9s, 1.7s, 1.8s, 1.8s.

What is the best value obtainable from these readings for the time of one oscillation?
Explain how you arrive at your answer.

[0S T Y= U LTSRN

EXPIANATION ... e e e e e

Describe how, using the same stopwatch, the student can find the period of oscillation
more accurately.

[Total: 5]

4

Fig 4.1 shows part of a measuring instrument.

0
mm 25
20

Fig. 4.1

(a) State the name of this instrument.

................................................. [1]
(b) Record the reading shown in Fig. 4.1.
................................................. [1]
(c) Describe how you would find the thickness of a sheet of paper used in a magazine.
.................................................................................................................................... [3]
[Total: 5]



An engineering machine has a piston which is going up and down approximately 75 times

per minute.

Describe carefully how a stopwatch may be used to find accurately the time for one up-and-

down cycle of the piston.

[Total: 4]

6

A scientist needs to find the density of a sample of rock whilst down a mine. He has only a
spring balance, a measuring cylinder, some water and some thread.

(a)

(b)

(c)

(d)

(e)

In the space below, draw two labelled diagrams, one to show the spring balance being
used and the other to show the measuring cylinder being used with a suitable rock
sample. [2]

The spring balance is calibrated in newtons. State how the mass of the rock sample
may be found from the reading of the spring balance.

...................................................................................................................................... [1]
State the readings that would be taken from the measuring cylinder.
...................................................................................................................................... [1]
State how the volume of the rock would be found from the readings.
...................................................................................................................................... [1]

State in words the formula that would be used to find the density of the sample.

density =
(1]



7

An aluminium rod is cut into a longer section and a shorter section, as shown in Fig. 7.1.

( C O

Fig. 7.1

(a) The shorter section of the rod is placed into a measuring cylinder containing water.

Fig. 7.2 shows the appearance of the measuring cylinder before and after this is done.

w
w

cm
50

cm
50

40 40

30 30

20

20

water

shorter section of
L —" aluminium rod

10

Fig. 7.2 (not full size)

(i) Calculate the volume of the shorter section of aluminium rod.

VOIUME = v cm?3 [3]

(i) The mass of this shorter section is measured as 21.2g.

1. Name a laboratory instrument that might have been used to measure this mass.

2. Calculate the density of aluminium.

density = .o [4]

(b) (i) Name an instrument that could be used to measure the length of the longer section
of aluminium rod.

(ii) Suggest a method, different from that in Fig. 7.2, that could be used to determine
the volume of this longer section.

[Total: 11]

10



8 A wind turbine can be seen through the window of the IGCSE Physics class laboratory, as

shown in Fig. 8.1.

Fig. 8.1

The blades on the wind turbine are turning slowly, so a student uses a laboratory stopclock

to time 40 rotations of the blades.

Fig. 8.2 shows the stopclock after 40 rotations of the blades.

— — —
4 start  reset stop )
60

55

minutes
hand

50

45

40 20

30

Fig. 8.2
(a) (i) State the reading on the stopclock.

reading = .......coceevenennne minutes .............

(ii) Calculate the time, in seconds, for one rotation of the blades.

time for one rotation = ........cccccceeeeeee

seconds [1]

11

(b) Later in the day, the blades of the wind turbine are found to take 15s to rotate once.

The tip of the blade travels in a circle of circumference 75m.

Calculate the average speed of the tip of the blade.

average SPeed = ......occceeiiieeiiiee e m/s [3]

[Total: 7]



Describing Motion; Forces and Motion.

Turning Effect of Forces
Summary Notes

Movement and position

Speed is defined as the distance travelled per unit time. If the speed of something is

changing, it is accelerating. The acceleration of free fall near to the Earth is constant.

total distance
average speed = ————
total time

Velocity is the speed in a given direction.

Acceleration is the change in velocity per unit time.

. change in velocity v-u
acceleration = ———— a=—
time taken t

(final speed)? = (initial speed)? + (2 X acceleration X distance) v =u? + 2as

Distance is measured in metres (m), time in seconds (s), speed and velocity in metres per

second (m/s), and acceleration in metres per second squared (m/s?).

In a distance-time graph: S
o The gradient is velocity ¢
o Negative gradient is returning back to the g’ /
starting point £
« A horizontal line means it is stationary g, sy spud
« |If the distance is zero, it is back at the starting point . fosin
e A curved line means that the velocity is changing, 2
and it is accelerating. 1
In a velocity-time graph: Time (5)
« The gradient is acceleration 10 R

o Negative gradient (i.e. negative acceleration)
is deceleration
If the speed is zero, it is at rest
A horizontal line means constant speed
The area under the line is the distance travelled
A curved line means that the acceleration is
changing.

Velocity (m/s)

01 2 3 45678 910

Time (s)

Forces, movement, shape and momentum

Vectors & scalars:

e A vector has magnitude and direction
e A scalar has just a magnitude

Examples:
Scalars Vectors
Distance Displacement
Speed Velocity
Time Acceleration
Energy Force

Effects of forces:

Forces can change the speed, shape or direction of a body and they are measured in Newtons (N).
There are various different types of forces (e.g. gravitational, electrostatic).

Friction is a force between two surfaces which impedes motion and results in heating. Air
resistance is a form of friction.

To find the resultant of two or more forces acting along the same line, they should be added
together if in the same direction and subtracted if in the opposite direction.

« Newton’s first law states that an object has a constant velocity unless acted on by a
resultant force.

« Newton’s second law states that force = mass X acceleration F=ma

« Newton’s third law states that every action force has an equal and opposite reaction
force. For example, the force of the Earth’s gravity on an object is equal and
opposite to the force of the object’s gravity on the Earth.

Mass is a measure of how much matter is in an object, measured in kilograms (kg). Weight is a
gravitational force (the effect of a gravitational field on a mass).

e weight = mass X gravitational field strength W =mg
e The gravitational field strength on Earth is 10N/kg.
« The weight of an object acts through its centre of gravity.

For example, motion of a body falling in a uniform gravitational field:

o Initially, there is no air resistance and the only force acting on it is weight
As it falls, it accelerates which increases its speed and hence air resistance
This causes the resultant force downwards to decrease
Therefore, the acceleration decreases, so it is not speeding up as quickly
Eventually they are equal and opposite and balance so there is no resultant force
So, there is no acceleration and the terminal velocity is reached

12



Diagram A Diagzam B DiagramC DiagramD
» F.. = 833N
B g Fpj = 70N ax
y Fajr =3ON {
Foaw = 83N Egav™ 83N Foraw = 88N 838N

When a driver notices a hazard:

e The distance travelled in the time between the driving realising he needs to brake and
actually pressing the brakes is called the thinking distance. Factors which increase the
thinking distance include:

o Greater speed
o Slower reaction time due to alcohol, tiredness or distractions. Reaction time can
also be increased by caffeine, which reduces the thinking distance.

e The distance travelled in the time between pressing the brakes and the vehicle coming to a
stop is called the braking distance. Factors which increase the stopping distance include:

o Greater speed or mass
o Poor road conditions (icy, wet) or car conditions (worn tires, worn brake pads)
e The stopping distance is the sum of the thinking distance and braking distance.

The momentum of an object is the product of its mass and velocity:
e momentum = mass X velocity p=mv
¢ Itis measured in kilogram metres per second (kgm/s).

The force exerted on an object is equal to its change in momentum over time:
change in momentum mv-mu
o force=—"—"——"""H+ F =
time taken t
o Safety features in cars work by increasing the time taken for the people in the car to
come to rest (i.e. there is the same change in momentum in a longer time, so the
force is reduced). For example, a seatbelt achieves this by stretching.

In a collision, the total momentum before is equal to the total momentum afterwards, known
as the principle of the conservation of momentum.

For example: a 10kg stationary gun is loaded with a 0.01kg bullet. It is fired, with the bullet
travelling at 100m/s. What is the recoil speed of the gun?
total momentum before = 0
total momentum before = total momentum afterwards
0=0.01%x100+10v
v=-0.1m/s

So, the recoil speed is 0.1m/s (-0.1m/s is the velocity which is a vector, so we take the
magnitude of it as we are finding the speed).

The moment of a force is a measure of its turning effect, measured in Newton metres (Nm).
moment = force X perpendicular distance from the pivot moment = Fd
e An object is in equilibrium when the sum of clockwise moments equals the sum of
anticlockwise moments (the principle of moments) and there is no resultant force.
e For a horizontal beam supported at its ends, the upwards forces at the supports
change with the position of a heavy object placed on the beam. The nearer the heavy
object to a given support, the greater the force at that support.

Source: physicsandmathstutor.com

13



Motion MCQ

4 The graph represents the motion of a car. Which d ibes th d and th lerati fth
1  The graph shows how the speed of a car changes with time. Ich Tow describes the speed and the acceleration ot the

car?
1 20 | speed acceleration
i speed !
speed ! m/s i A decreasing zero
! 1
i 104-----f--—--- oo B decreasing not zero
\ : 1 1
! ! i i c increasing zero
i | | i
i : ! ! D increasing not zero
: ° 0 é 1=O ‘Ii5 2I0 2i5 3IO
0 Y, VI\/ X Y > . 7 The diagram shows the distance-time
U time . .  time/s graph for a car.
] ) ) ) What is the distance travelled by the car while it is moving at a constant speed? ) . .
Between which two times is the car stationary? At which labelled point is the car moving
A 100m B 150m C 250m D 300m with constant speed?
A UandV B VandW distance
C WandX D XandY 5 A car travels along the route PQRST in 30 minutes. ! B b
S o
2 A man stands by a railway track.
A train travelling at 40m/s takes 2.0 s to pass the man. 0 ¢ -
0 time

What is the length of the train?
8 The graph shows how the distance

A 20m B 38m travelled by a vehicle changes with time.
C 40m D 80m distance s
i ?
3 An aeroplane flies from town X to town Z What is the average speed of the car’
, stopping for 1 hour at townY to pick up more A 10km/hour B 20km/hour Q R
passengers. The distances between the towns are shown in the diagram. C  30km/hour D 60km/hour
Y
/’.\‘\\\
7 Teea z 6 The table shows the readings on
300km __- 200km " Tm=- a car speedometer at 5 second intervals.
e P
- time/s speed 0 0 -
X, km/h time
The total time taken between leaving X and arriving at Z is 3 hours. Which row describes the speed of the vehicle in each section of the graph?
0 0
What is the average speed of the aeroplane in the air? 5 50 PtoQ QtoR RtoS
A 200 m/h B 200 ym/n 10 50 A constant zero constant
4 3
B constant zero decreasing
15 60
c Wym/m b 20ym/n . . .
2 1 20 65 C increasing constant decreasing
14 D increasing zero constant




9 A stone falls freely from the top of a cliff.

Air resistance may be ignored.

11

The speed-time graph for an object is shown.

13 The speed-time graph shown is for
a car moving in a straight line.

Which graph shows how the acceleration of
the stone varies with time as it falls? 15 u
acceleration A acceleration B Speed / A
m/s
N\
10
\
time/s
Below are four statements about the acceleration of the object. 5 7
—
0 0 Which statement is correct? N
0 time 0 time
A The acceleration in the first 5s is given by area P. 0 =
acceleration C acceleration D B The acceleration increases between W and X. 0 20 40 60 80
C The acceleration is negative between Y and Z. time/s
What is the acceleration of the car when the time is 40s?
D The deceleration between Y and Z is (20 + 25)m/s>.
A 0m/s’ B 15-3.¢
12 A ball is dropped onto a floor. 40
Its speed just before hitting the floor is 3.0m/s. Cc %mls2 D (15-3)m/s?
Which change would result in a speed of 6.0 m/s just before hitting the floor?
0 »> 0 »>
0 time 0 time Ignore any effects due to air resistance.
10 A car travels along a horizontal road in a straight line. A Drop the ball from double the height above the floor. 14 Two runners take partin a race.
The driver presses the accelerator to B Drob the ball from four ti the height above the fl The graph shows how the speed of
increase the speed of the car. rop the ball from four imes the height above the Tioor. each runner changes with time.
The speed-time graph for the car is shown C Use a ball with double the mass. runner 1
30 speed //
D Use a ball with four times the mass. s
speed & 4 runner 2
m/s 7
B 7
20+ S
7 i
4 1
/7 |
7 1
0
10 0 t time
What does the graph show about the runners at time ¢
?
A Both runners are moving at the same speed.
0 0 5 10 15 20 B Runner 1 has zero acceleration.
time/s C Runner 1 is overtaking runner 2.
What is the acceleration of the car? i )
D Runner 2 is slowing down.
A 0.50m/s? B 1.00m/s’ C 150m/s’ D 2.00m/s®

15



15  An object moves at a constant speed 17 The diagram shows the speed-time

for some time, then begins to accelerate. graph for a toy car travelling in a straight line.
Which distance-time graph shows this motion? 40=--—emm

) 1
distanc A distance B speed :
i e - .
J / m/s 3.0 !
|
2.0 |
/ |
1.0 i
|

—

0 T T |
0 1.0 20 3.0 40 5.0

0 . > 0 . > time/s
0 time 0 time What is the acceleration of the car during the
first two seconds and what is the total distance
distance ¢ distance  p that it travels?
1 1 acceleration total
m/s’ distance/m
A 0.50 10
B 0.50 20
Cc 2.0 10
D 2.0 20
0 0
0 time 0 time

16  On Earth, a ball is dropped and falls
2.0m in a vacuum. The acceleration of the
ball at 1.0mis 10m/s?.

R ball
—0.5m
—1.0m
—1.5m

—2.0m

What is the acceleration of the ball at 0.5m?

A 50m/s? B 10m/s?
C 15m/s® D 20m/s?



Motion

1 A coconut falls from position X to position'Y, as shown in Fig. 1.1.

coconut

Y

Fig. 1.1

(a) State what causes the coconut to accelerate.

(b) Compare the acceleration at positions X and Y. Tick one box.

much greater at X than atY

much greater atY than at X

about the same at X as atY

2 Adriving instructor gives a student a sudden order to stop the car in the shortest possible time.

Fig. 2.1 shows the speed-time graph of the motion of the car from the moment the order is given.

(e) Using the axes in Fig. 1.2, sketch the graph showing how the speed of the coconut changes

as it falls from X to Y.

speed

0 time

Fig. 1.2

(d) State how the distance XY is determined from your graph in (c).

30
speed
m/s
20
10
0
0 1.0 2.0 3.0 4.0 5.0
time t/s
Fig. 2.1
(@) The order to stop is given at time t=0s.
(i) State the speed of the car at t=0s.
SPEEA = oiiiiiie e 1]
(1] . . .
(ii) Suggest why the car continues to travel at this speed for 0.9s.
(2] e e
....................................................................................................................................... [1]
(b) Calculate
(i) the deceleration of the car between t=0.9s and t=4.0s,
deceleration = .....ccceevei i [2]
(ii) the total distance travelled by the car from t=0s.
........................ [1] distance = .....cocooiiiiieee e [B]

[Total: 5] 17



(c) Describe and explain a danger to a driver of not wearing a safety belt during a sudden stop. (¢) (i) A caris travelling at a speed of 15m/s. The driver applies the brakes and brings the car
to a stop.

Fig. 3.2 represents the last part of the journey.

16

14

—

N

=
7

_ _ [Total: 9] 12
3 (a) Acaris travelling at a constant speed of 80 km / h. spe/ed
m/s
10

Calculate the distance travelled by the car in half an hour. T N T e e T

pd

pd

distance = ....ccoiiiii e km [1] 2

(b) The carin Fig. 3.1 is travelling along a road on which there is a speed detector.

o 1 2 3 4 5 6 7 8 9 10 11 12
The speed detector consists of two parallel strips attached to the road and connected to a time/s

timer.
Fig. 3.2

Calculate the distance travelled by the car as it slows down.

detector

strips
Fig. 3.1 AIStANCE = . m [2]
Thg speed detector strips.are 0.50m apart. The time interval between the car hitting the first (i) On another occasion, the car is travelling at the same speed of 15m/s when the driver
strip and the second strip is 0.040s. sees a hazard ahead. She uses emergency braking to stop the car in 2.0 seconds.
Calculate the average speed of the car between the strips. On Fig. 3.2, draw the speed-time graph for the emergency stop. [1]
[Total: 7]
SPEEA = .o m/s [3]

18



4

Fig. 4.1 shows a distance-time graph for a falling object.

2.0

1.8

1.6

14 y

1.2

distance
fallen 1.0
/m

N

0.8

0.6

0.4

AN

0.2 &

0

0 01 02 03 04 05 06 07 08

time/s

Fig. 4.1

(a) Use this graph to find the time it takes the object to fall from 0.60m to 1.60m.

5 A girl cycles to meet a friend. The distance-time graph for her journey from start to finish is shown
in Fig. 5.1.

1200

=
1000
distance/m
800
D
600
400
200452 2
0
AO 1 2 3 4 5
time/minutes
Fig. 5.1
(@) How far does the girl travel from start to finish?
distanCe = ..o [1]

(b) Describe the motion of the girl between points B and C.

............................................................................................................................................... [1]
(c) Which section of the graph shows
(i) the part of the girl’s journey that involves cycling up a hill 500m long,
.......... s [2] between ...........and ............ [1]
(ii) the girl travelling at the fastest speed?
___________________ between ...........and ............ [1]
___________________ (d) Calculate her average speed, in m/s, for the whole journey.
............... [2]
[Total: 4]
average SPeed = ......occciiiiiiiiniee e m/s [3]

[Total: 7]
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An experiment is carried out to find the acceleration of free fall.

A strip of paper is attached to a heavy object. The object is dropped and falls to the ground, pulling
the paper strip through a timer. The timer marks dots on the paper strip at intervals of 0.020s.

Fig. 6.1 shows a section of the paper strip with the first three dots marked. The first dot on the
paper strip, labelled A, is marked at the instant the object is dropped.

0.0076m

[ ] [ ]
A _0.0019m

Fig. 6.1 (not to scale) paper strip

(a) State how the dots on the paper strip show that the object is accelerating.

............................................................................................................................................... [1]
(b) Calculate the average speed of the object
(i) inthe first 0.020s after the object is dropped,
AVErage SPEEA = ....coociieiiiieieiee e
(ii) in the second 0.020s after the object is dropped.
AVErage SPEEA = ....coociiiiiiieeieee e
(3]
(c) Use the results from (b) to calculate the acceleration of the falling object.
acceleration = ... [3]
[Total: 7]

At a sports event, a champion runner and a car take part in a race.

(@) The runner runs at a constant speed of 10m/s from the start of the race. During the first 5.0s
of the race, the car’s speed increases from Om/s to 25m/s at a uniform rate.

On Fig. 7.1, draw
(i) a graph to show the motion of the runner, [1]

(ii) a graph to show the motion of the car.

30
speed
m/s
20
10
0 time/s
0 1.0 2.0 3.0 4.0 5.0
Fig. 7.1
. (1]
(b) Use your graphs to determine
(i) the distance travelled by the runner in the 5.0s,
distanCe = ......oociii [1]
(ii) the distance travelled by the car in the 5.0s,
distanCe = ..o [2]

(iii) the time at which the car overtakes the runner.

[Total: 7]
20



8

A comet, travelling in space, enters the atmosphere of a planet.

Fig. 8.1 is the speed-time graph for the comet from time t= 0 s.

(@ ()

(i)

40000
speed N
20000
\
10000
0
0 4.0 8.0 12.0 16.0
time/s

Fig. 8.1

(b) Explain what the graph shows about the motion of the comet during the period t = 6.0s to
t=10.0s.

............................................................................................................................................... [2]
(c) Determine the acceleration of the comet at f= 11.0s.
acceleration = ... [2]
(d) Suggest what happens to the comet at f=12.0s.
............................................................................................................................................... [1]
[Total: 8]

During the period t= 0s to t = 6.0, both the speed of the comet and the velocity of the

comet remain constant.

State what this suggests about the motion of the comet.

Determine the distance travelled during the period t=0s to t= 6.0s.

AISTANCE = .oveveeeeeeeeeeeeeeeeeeeeeeeeeeee e
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Dynamics MCQ

1 The mass of an astronaut is 70kg on the Moon.

What is the mass of the astronaut on the Earth?

A T7kg B 70kg
C 80kg D 700kg

In which situation is no resultant force needed?
A a car changing direction at a steady speed
B a car moving in a straight line at a steady speed
C acar slowing down
D

a car speeding up

Which properties of a body can be changed by
applying a force to the body?

A mass, motion and shape

B mass and motion, but not shape

C mass and shape, but not motion

D motion and shape, but not mass

The mass of an object is measured on Earth.
The mass is 5.0kg.

The object is taken to the Moon.
The mass of the object is measured on the Moon.

What is the mass of the object on the Moon?

A 0Okg

B more than 0kg, but less than 5.0kg
C 5.0kg

D more than 5.0kg

5 A heavy beam rests on two supports.

The diagram shows the only three forces
Fi, F, and F; acting on the beam.

Fi F

! !

} ; } 1— beam

A AC

support
F3

The beam is in equilibrium.

Which statement is correct?

A All the forces are equal in size.

The resultant force on the beam is
the opposite direction to the resultant turning effect.

B

C The resultant force on the beam is zero and the
resultant turning effect on the beam is zero.

D

The total upward force is twice the total downward force.

Which list contains only properties of
an object that can be changed by a force?

A direction of motion, mass, shape
B direction of motion, mass, speed
C direction of motion, shape, speed

D mass, shape, speed

7 Which statement about mass or weight is correct?

A Mass is a force.
B Mass is measured in newtons.
C Weightis a force.

D Weight is measured in kilograms.

22

8 A spaceship approaches the Earth from deep space.

Near the Earth, a force on the spaceship causes it
to have weight. This causes it to change its speed
and direction.

Which type of force causes the spaceship’s weight,
and which property of the spaceship resists
its change in speed and direction?

force that property that resists change in
causes weight speed and direction
A gravitational mass
B gravitational volume
Cc magnetic mass
D magnetic volume

An object tends to keep moving with the same speed
and in the same direction due to a certain property.

The object also has weight due to the action of a field.

What is the name of the property,
and what is the name of the field?

property field
A mass electric
B mass gravitational
C volume electric
D volume gravitational




10 A satellite orbits the Earth above

1"

the atmosphere at a constant speed.

The diagram shows the satellite at one point
in its circular orbit around the Earth.

Which labelled arrow shows the direction
of the resultant force on the satellite at the
position shown?

direction of rotation
of satellite

A cup contains hot liquid.
Some of the liquid evaporates.

What happens to the mass and what happens
to the weight of the liquid in the cup?

mass weight

decreases decreases

decreases stays the same

stays the same decreases

O 0O w >

stays the same stays the same

12

speed

A car travels along a straight road.

The speed_time graph for this journey is shown’

During which labelled part of the journey is
the resultant force on the car zero?

time

13 A large stone is dropped from a bridge into a river
Air resistance can be ignored.

Which row describes the acceleration and
the speed of the stone as it falls?

acceleration speed of
of the stone the stone
A constant constant
B constant increasing
Cc increasing constant
D increasing increasing

14 Below are four statements about acceleration.

Which statement is not correct?

A Acceleration always involves changing speed.

B Changing direction always involves acceleration.
C Changing speed always involves acceleration.
D

Circular motion always involves acceleration.

15 The engine of a car produces a driving force
of 5000N on the car.

Resistive forces R also act on the car, as shown.

The car has a mass of 800kg and an acceleration of 1.0m/s?.

What is the value of R?

17  An object moves in a circle at constant speed.

Which statement about the force needed on the object is correct?

A
B
Cc
D

18

19

A force away from the centre of the circle keeps the
object moving in the circle.

A force in the direction of motion of the object keeps
it moving in the circle.

A force towards the centre of the circle keeps the object
moving in the circle.

No force is needed to keep the object moving at constant
speed in the circle.

A skydiver reaches terminal velocity. Then he opens
his parachute. What happens to the skydiver
as the parachute opens?

There is a decrease in weight.
There is acceleration upwards.

There is an increase in speed.

o o0 W >

There is movement upwards.

A piece of steel is taken from the Earth to the Moon
for an experiment. The gravitational field
strength on the Moon is smaller than on the Earth.

Which statement about the piece of steel is correct?
A It has less mass on the Moon than on the Earth.
B It has more mass on the Moon than on the Earth.
C It weighs less on the Moon than on the Earth.
D

It weighs more on the Moon than on the Earth.

20 Aboatis travelling at a steady speed in a straight
line across the surface of a lake.

Which statement about the boat is correct?

A 800N B 4200N
C 5800N D 8000N A The resultant force on the boat is in the direction
of motion.
16 A heavy object is released near the surface of the Earth and falls freely ~ B The resultant force on the boat is in the opposite

Air resistance can be ignored.

Which statement about the acceleration of the object due to gravity is correct?

A The acceleration depends on the mass of the object.

The acceleration depends on the volume of the object.

B
C The acceleration is constant.
D

direction to its motion.

The resultant force on the boat is zero.

The acceleration is initially zero a2n?<;j increases as the object falls.

The resultant force on the boat is vertically downwards.



21 In which pair are both quantities

measured in newtons?

A force and pressure
B force and weight
C mass and pressure

D mass and weight

22 A car travels forwards along a straight horizontal road.
Only the horizontal forces acting on it are shown.

air resistance
and friction

driving force

The length of each arrow represents the size of each force.

How do these forces affect the motion of the car?
A The car moves at constant speed.

B The car moves backwards.

C The car slows down.
D

The car’s forward speed increases.

23 A small steel ball is dropped from a low balcony.

25 Aforce actin% on an object causes some

properties of

he object to change.

Which list contains only properties that
can be changed by the action of the force?

26

A

O O W

O o wm »

mass, motion and shape
mass, motion and size
mass, shape and size

motion, shape and size

Which statement about the masses and weights
of objects on the Earth is correct?

A balance can only be used to compare weights,
not masses.

Heavy objects always have more mass than light ones.
Large objects always have more mass than small ones.

Mass is a force but weight is not.

27 Anobject in a space probe above the Earth weighs 3.5N.

Ignoring air resistance, which statement describes its motion?

A It falls with constant acceleration.
B It falls with constant speed.

C It falls with decreasing speed.
D

It falls with increasing acceleration.

24 hen s e unt for werghts
force weight
A kg kg
B kg N
C kg
D N

28

The gravitational field strength on the Earth’s surface is 10N/kg

The gravitational field strength at the
height of the space probe is 7.0N/kg.

What are the mass and
the weight of the object on the Earth’s surface?

mass/kg weight/N
A 0.50 3.5
B 0.50 5.0
Cc 2.0 3.5
D 2.0 20

A skydiver jumps from a stationary helicopter
and reaches a steady vertical speed.

She then opens her parachute.

Which statement about the falling skydiver is correct?

A As her parachute opens, her acceleration is upwards.

As she falls at a steady speed with her parachute open,
her weight is zero.

B
C When she accelerates, the resultant force on her is zero.
D

When she falls at a steady speed, air resistance is zero.

24

29 A car moves in a circular path as it turns
a corner on a horizontal road.

The car moves at constant speed.

path of car
car

direction
of travel

Which description of the forces acting on the car is correct?

A Allthe forces are balanced
as the car is moving at constant speed

B The forces are unbalanced
and the resultant force acts away from the centre of the circle

c The forces are unbalanced
and the resultant force acts towards the centre of ther circle

The forces are unbalanced

D and the resultant force is in the direction of travel of the car

30 A parachutist is falling through the air at terminal velocity.
Which statement about the parachutist is correct?

A very forc ting on the parachutist is equal
Fo zero ang ﬁFs agcelera |<§)n l;s equal to zero.

B Every force acting on the parachutist is equal
to zero and his vélocity is equal to zero.

C The resultant force acting on the parachutist is equal
to zero and his acceleration is equal to zero.

D The resultant force acting on the parachutist is equal
to zero and his velocity Is equal to zero.



Dynamics

1 (a) Fig. 1.1 shows the axes used to plot distance-time graphs.

A
distance
0
0 time
Fig. 1.1
On Fig. 1.1, draw graphs for an object that is
(i) moving with constant speed, labelling the graph A,
(ii) moving with decreasing speed, labelling the graph B.
(b) Fig. 1.2 shows the axes used to plot speed-time graphs.
A
speed
0
0 time

Fig. 1.2

On Fig. 1.2, draw graphs for an object that is
(i) moving with constant acceleration, labelling the graph S,
(ii) moving with increasing acceleration, labelling the graph T. [2]
(c) Aplane is at rest on an airport runway. The brakes of the plane are released and the engine
of the plane provides a constant accelerating force.

Using the following data, calculate the take-off speed of the plane. Ignore any resistive forces.

constant forward force = 56 000N
mass of plane = 16000 kg
time of travel along runway = 16s

(2]

[Total: 8]
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(a) Figs. 2.1 and 2.2 show speed-time graphs for two objects, each moving in a straight line. 3 (a)

A

speed

0 time

Fig. 2.1

speed

State why force is a vector quantity.

b e e et E et e e e E et et e et n e et e e e n e e er e e nreenes
(b) A 20N force and a 15N force act at the same time on an object of mass 14 kg.
Calculate
0 . >
0 time (i) the maximum possible force on the object due to these two forces,
Fig. 2.2

(i) Describe the motion of the object shown by the graph in Fig. 2.1.

(ii) the acceleration caused by a resultant force equal to this maximum force.

(b) On a day with no wind, a large object is dropped from a tall building. The object experiences

air resistance during its fall to the ground.

acceleration =

State and explain, in terms of the forces acting, how the acceleration of the object varies

during its fall.

[Total: 7]
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(c) Fig.3.1 shows a river in which the velocity of the flowing water is 0.85m/s parallel to the river

banks.
____—river bank
velocity of swimmer
velocity relative to water
of water 45° 1.2m/s g((:)'l'L'I'EO

D ———
0.85m/s

Fig. 3.1

A swimmer sets off from one bank. The velocity of the swimmer relative to the wateris 1.2m/s
at 45° to the river banks, as shown in Fig. 3.1.

In the space below, draw a scale diagram to determine the resultant velocity of the swimmer

relative to the river banks.This velocity is the resultant of the two velocities shown on Fig .3.1.
Label this resultant on your diagram.

resultant velocity =

[Total: 7]

4

At a party, three balloons are filled with a gas less dense than air. The balloons are tied to an
empty drink can. The can floats, without moving, in the air above a table, as shown in Fig. 4.1.

A
X
empty *
drink can
top of | Y
table
\
Fig. 4.1 Fig. 4.2
(a) Fig. 4.2 represents the vertical forces acting on the can as it floats in the air.
State the name given to the downward force labelled Y.
............................................................................................................................................... [1]
(b) In terms of the vertical forces acting on the can, explain why the can does not rise or fall.
............................................................................................................................................... [2]

(c)

A window is opened, causing a draught of air into the room. The window is to the left of the
balloons and can, and at the same height.

On Fig. 4.1, draw an arrow indicating the direction of the resultant force on the can. [1]
(d)

One of the balloons suddenly bursts.

State and explain what happens to the can.

[Total: 5]
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5 (a) (@)

Mass is a scalar quantity.

State another scalar quantity.

(i)

Force is a vector quantity.

State another vector quantity.

2
(b) A boat is floating on still water. [2]
The mass of the boat is 290000kg. A resultant force of 50kN acts on the boat.
Calculate the acceleration of the boat.
acceleration = ........cciiiiiiiii e [3]

(¢) Fig. 5.1, not to scale, shows the view from above of the boat, now on a fast-flowing river. The
boat accelerates.

Two forces are shown acting on the boat. The resultant of these forces is at right angles to the

river banks.
river bank
direction of
force from
engine direction of
river current
B —— e ——— ..
. ii
direction of boat (i)
force on boat
from river
current

river bank

Fig. 5.1 (not to scale)

28

Fig. 5.2 is an incomplete vector diagram of the forces acting on the boat.

A

resultant force

force from river current <=

Fig. 5.2
The force from the river current is 80 kN.

(i) Determine the scale that has been used in the vector diagram.

scale is

On Fig. 5.2, complete the vector diagram to determine the magnitude and direction of the
force from the engine. Measure the angle between the direction of the current and the
force from the engine.

magnitude of force from engine =

[Total: 9]



6

Fig. 6.1 is the speed-time graph for an ice skater.

12

speed
m/s

10

6 (c)

pd

4

0.0 2.0 4.0 6.0 8.0 10.0 12.0

time t/s

Fig. 6.1
(a) Explain what is meant by deceleration.

(b) Use Fig. 6.1 to determine

the distance travelled between times t = 3.0s and t = 6.0s,

U]

distance =

the deceleration between times t = 3.0s and t = 6.0s.

(i)

deceleration = ... [2]
(i) State what happens to the size of the deceleration after time t = 6.0s.
....................................................................................................................................... [1]
(ii) State what happens to the resultant force on the skater after time t = 6.0s.
....................................................................................................................................... [1]

[Total: 7]



7 (a) (i) Speedis ascalar quantity and velocity is a vector quantity. (c) The boat in (b) is moving due west at a speed of 6.5m/s relative to the water. The water is

State how a scalar quantity differs from a vector quantity. moving due south at 3.5m/s.
In the space below, draw a scale diagram to determine the size and direction of the resultant
of these two velocities. State the scale used.

....................................................................................................................................... 1]

(ii) Underline the two scalar quantities in the list below.
energy force impulse momentum temperature [1]

(b) Aboat is moving at constant speed.
On Fig. 7.1, sketch a distance-time graph for the boat.
distance
time
Fig. 7.1

(1]

size of resultant VEloCity = ...

direction of resultant ............ccccciiiiiiiiiiieeeeeeeee e,

[Total: 7]
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8

In a laboratory, an experiment is carried out to measure the acceleration of a trolley on a
horizontal table, when pulled by a horizontal force.

trolley

oo

=

force

?

Fig. 8.1

The measurements are repeated for a series of different forces, with the results shown in the table
below.

force/N 40 | 6.0 | 10.0 | 14.0
acceleration | 050 | 0.85 | 1.55 | 2.25
m/s?
(a) On Fig. 8.2, plot these points and draw the best straight line for your points. [2]
force/N
16
12
8
4
0
0 0.5 1.0 1.5 2.0 2.5
acceleration
m/s?
Fig . 8.2

(b) The graph shows that below a certain force there is no acceleration.
(i) Find the value of this fOrCe. .........uiiiiiiiiiiie e [1]

(ii) Aforce smaller than that in (b)(i) is applied to the stationary trolley. Suggest what happens
to the trolley, if anything.

....................................................................................................................................... [1]
(c) Show that the gradient of your graph is about 5.7.
gradient = ..o [1]
(d) (i) State the equation that links resultant force F, mass m and acceleration a.
(1]
(ii) Use your gradient from (c) to find the mass of the trolley.
MASS = uevveeieeeiiirreeeessairereeessssrereeeeessrereeeaeans [2]
(e) On Fig. 8.3, sketch a speed / time graph for a trolley with constant acceleration.
A
speed
00 . >
time
Fig. 8.3
(1]
[Total: 9]
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Scalars and vectors MCQ 5 Which list contains onlv vect itios?
ieh fist contains only vector quantities - 7 The diagram shows an object being

1 Which diagram shows the magnitude and direction energy, force, velocity acted upon by two forces.
of the resultant R of the two forces F; and F,? B J leration. f
A speed, acceleration, force 6.0N 30N
Fy C velocity, energy, acceleration
D velocity, force, acceleration . What is the size of the resultant force on the object?
A 20N B 3.0N
6 A ball of weight 1.2N drops through C 90N D 18N

the air at terminal velocity.

A sudden gust of wind exerts a horizontal
force of 0.5N on the ball from the left.

Which diagram shows the resultant force on
2 Which list contains only vector quantities? the ball while the wind is blowing?

A acceleration, energy, force, mass B

acceleration, force, momentum, velocity ball 0.5N

B
C distance, energy, mass, speed
D

distance, momentum, power, speed resultant 12N

force resultant

3 A scalar quantity has force

A magnitude and direction.

B no magnitude and no direction.
C magnitude but no direction.
D

direction but no magnitude. D

4  An object is acted upon by a 3N force and by a 4N force. 1.2N

Each diagram shows the two forces. ball

0.5N
Which diagram also shows the resultant X of these two forces? \()—»-T

A B [ D

resultant

force
resultant

force
3N 3N 3N 12N

4N 4N 4N
X X 3N
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8

The diagram shows the only two forces F; and F;

acting on an object. The magnitude of each

force is represented by the length of each arrow.

/ F1

110°

l

F2
The resultant force acting on the object is R.

Which vector diagram shows how forces
F and F add to produce R?

A B

F, R

L2

S

9 A box is being moved by a fork-lift truck.
The total weight of the box is 3000 N.

fork-lift truck box

ola

-

The force exerted by the fork-lift truck
on the box is 3500 N upwards.

What is the resultant force on the box?

A 500N downwards
B 500N upwards

C 6500N downwards
D 6500N upwards

10 A wooden plank rests in equilibrium on
two rocks on opposite sides of a narrow

stream. Three forces P, Q and R acton
the plank.

Q

How are the sizes of the forces related?

A P+Q=R
B P+R=Q
C P=Q=R
D P=Q+R

33

11 A force acts on a moving rubber ball.
How many of the following changes
could happen to the ball because of
the force

e achange in direction
e achange in shape
e achange in mass
e achange in speed

A 1 B 2
c 3 D 4

12 A girl and a boy are pulling in opposite directions
on a rope. The forces acting on the rope are

shown in the diagram.
girl
200N

rope

Which single force has the same effect as the two forces shown?

A 50N acting towards the girl
350N acting towards the girl

plank 50N acting towards the boy

O O W

350N acting towards the boy




13 Three horizontal forces act on a car
that is moving along a straight, level road.

A

2N 3N

17 The diagram shows two vectors X and Y.

B
air resistance

friction driving force

Which combination of forces would result in the car moving at constant speed?

16  Which combination of forces produces a resultant force acting towards the right?

C
4N 3N

19 A pendulum bob is held stationary by a horizontal force
H. The three forces acting on the bob are shown in the

D

air resistance friction driving force X v diagram.
A 200N 1000N 800N
B 800N 1000N 200N
In which vector triangle does the vector Z show the magnit
c 800N 200N 1000N and direction of vector X — Y? ude
D 1000N 200N 800N A B
z
14 A train is travelling along a horizontal track at z
t‘;gi':f;"‘;gtsshp:ﬁg'ir;r‘t"r’]%%fi;h?;%rces acting on the The tension in the string of the pendulum is T. The weight of the
gram. 7 . 2 pendulum bob is W.
forwards D Which statement is correct?
—_ force from engine c
friction 60 000N 4_/ A H=Tcos30° B T=Hsin30° C W=Tcos30° D W= Tsin30°
20 000N _

18 The vector diagram shows three coplanar forces acting

A force of air resistance is also acting on on an object at P.

the train to give it a resultant force of zero.

What is this air resistance force? 3N

A 40 000N backwards P

B 80 000N backwards 4N
C 40 000N forwards 4 :\l

D 80 000N forwards |

The magnitude of the resultant of these three forces is 1 N
What is the direction of this resultant?

A 1 B \

15 The object in the diagram is acted
upon by the two forces shown.

3N

—

4

2N c

object fe——

What is the effect of these forces?

A The object moves to the left with constant speed.

B The object moves to the left with constant acceleration.
C The object moves to the right with constant speed.

D The object moves to the right with constant acceleration.
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20 Two forces, each of 10 N, act at a point P
as shown in the diagram.

The angle between the directions of the forces is 120°.

10N

120°

10N
2

What is the magnitude of the resultant force?

A 5N B 10N
C 17N D 20N



Scalars and vectors
(b) From your diagram, find the value of the resultant.

An object of weight Wis suspended by two ropes from a beam, as shown in Fig. 1.1. FESUIANT = .veeieececeeeececeeee et [1]

(c) State the direction in which the resultant is acting.

(d) State the value of W. W= e [1]

[Total: 6]

Fig. 1.1

The tensions in the ropes are 50.0N and 86.6N, as shown.
(a) Inthe space below, draw a scale diagram to find the resultant of the two tensions.
Use a scale of 1.0cm = 10N.

Clearly label the resultant. [3]
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2

(a) State the factors which completely describe a vector quantity.

(b) An aeroplane is flying towards the east in still air at 92m/s. A wind starts to blow at

24 m/s towards the north.

Draw a vector diagram to find the resultant velocity of the aeroplane. Use a scale of

1.0cm=10m/s.

resultant speed =

angle between resultant and easterly direction =

[Total: 6]

(@) (i) State the difference between a scalar quantity and a vector quantity.

(b) Fig. 3.1 shows the top of a flagpole.

100N 60°

Fig. 3.1

The flagpole is held vertical by two ropes. The first of these ropes has a tension in it of 100N
and is at an angle of 60° to the flagpole. The other rope has a tension T, as shown.

The resultant force is down the pole and of magnitude 200 N.

In the space below, using a scale of 1cm = 20N, draw a scale drawing to find the value of the
tension T. Clearly label 100N, 200N and T on your drawing.

tension T= . [3]

[Total: 5]
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4 Fig. 4.1 shows a heavy ball B of weight W suspended from a fixed beam by two ropes Pand Q. 5 Fig 5 1 is a head-on view of an airliner flying at constant speed in a circular horizontal path.

The centre of the circle is to the left of the diagram.

| = beam

W Fig. 5.1

(a) On Fig. 5.1, draw the resultant force acting on the airliner. Explain your answer.
Fig. 4.1
P and Q are both at an angle of 45° to the horizontal. The tensions in P and Q are each 30N.
(a) Inthe space below, draw a scale diagram to find the resultant of the tensions in P and Q. Use
a scale of 1.0cm to represent 5.0N. Label the forces and show their direCtions With arrOWS. oot e e st e e e [3]

(b) The weight of the airliner is 1.20 x 108 N and there is an aerodynamic lift force of
1.39 x 108 N acting at 30° to the left of the vertical.

By drawing a scale vector diagram, or otherwise, show that the resultant of these two
forces is in the same direction as the resultant force you drew in (a).

resultant = ......ooocviiii i [4]

(b) State the direction of the resultant. ............oociiiiiiii e [1]
(c) State the magnitude of W. magnitude of W= ... [1] [3]

[Total: 6]
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(c) The speed is constant as the airliner flies in this circular path.

State and explain what is happening to the velocity.

[Total: 8]

6 (a) Inan accident, a truck goes off the road and into a ditch. Two breakdown vehicles A
and B are used to pull the truck out of the ditch, as shown in Fig. 6.1.

road

breakdown
vehicles

ditch

At one point in the rescue operation, breakdown vehicle A is exerting a force of 4000N
and breakdown vehicle B is exerting a force of 2000N.

(i) Using a scale of 1cm = 500N, make a scale drawing to show the resultant force on
the truck.

(4]

(if) Use your diagram to find the magnitude and direction of the resultant force on the
truck.

magnitude of resultant force = ..........cccverieiiie
direction of resultant force = .........ccccoeciieeenenns to direction of road [2]

(b) (i) State why the resultant force is an example of a vector quantity.

[Total: 8]
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7

A student sets up the apparatus shown in Fig. 7.1 in order to find the resultant of the two
tensions T, and T, acting at P. When the tensions T,, T, and T, are balanced, the angles
between T, and the vertical and T, and the vertical are as marked on Fig. 7.1

— pulley

L vertical
board

Fig. 7.1

In the space below, draw a scale diagram of the forces T, and T,,. Use the diagram to find the
resultant of the two forces.

State

(a) the scale used, scale = ...,
(b) the value of the resultant, Value = .ooviiiiiiiiee e
(c) the direction of the resultant. direction = ...

8

(@) (i) State one similarity and one difference between vector and scalar quantities.
SIMILAIIEY .o

(o1 {=1 £ g ToT= SRS

(i) Give an example of each quantity.

VECTON QUANTITY ..eeieiiieeiece et

SCAlAr QUANTILY ...

(b) Fig. 8.1 is an overhead view of two tractors pulling a tree trunk.

tractors

30000N
- L ——tree ruk——
20000N

Fig. 8.1

The force exerted by each tractor is indicated in the diagram.

In the space below, carefully draw a scale diagram to determine the resultant force on

the tree trunk. State the scale you use.

Write down the magnitude of the resultant force and the angle between the resultant

force and one of the original forces.

magnitude of resultant force = ..........cccoooeviiiieiiiineee

direction of resultant force = ............coooeiiiiiiiiniiinnnnn,
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[Total: 8]



Momentum MCQ

An object travels in a circular path at constant speed.
Which statement about the object is correct?

A It has changing kinetic energy.
B It has changing momentum.

C It has constant velocity.

D Itis not accelerating.

A girl of mass 50kg runs at 6.0m/s.

What is her momentum?

A 300J B 300kgm/s
C 900J D 900kgm/s

An object of mass 50kg accelerates from
a velocity of 2.0m/s to a velocity of 10m/s
in the same direction.

What is the impulse provided to cause this acceleration?
A 250Ns B 400Ns
C 850Ns D 2500Ns

4  Abullet of mass 0.10kg travels horizontally
at a speed of 600m/s. It strikes a stationary
wooden block of mass 1.90kg resting on a
frictionless, horizontal surface.

The bullet stays in the block.

What is the speed of the bullet and the block
immediately after the impact?

A 30m/s B 32m/s

C 60m/s D 134m/s

7

5 Aball of mass 2.0kg is travelling at a speed of 12m/s.

It moves towards an object of mass 3.0kg
which is at rest.

12mls 3.0kg
2.0kg at rest

O

The ball hits the object and sticks to it.
Which row gives the total momentum,
and the speed of both objects
immediately after the collision?

total momentum speed
kgm/s m/s
A 0 4.8
B 0 8.0
(o 24 48
D 24 8.0

6 A moving body undergoes a change of momentum.

What is a unit for change of momentum?

A Nm B N/m
C Ns D N/s

Astone of mass 0.12 kg is fired from a catapult.
The velocity of the stone changes from 0 to
5 m/sin 0.60 s.
hat is the average resultant force acting on
a stone while it is being fired?
A 10N B 25N
C 36N D 83N
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8 A ball of mass 0.16 kg is moving forwards at
a speed of 0.50m/s. A second ball of mass
0.10kg is stationary.
The first ball strikes the second ball.
The second ball moves forwards at a speed
of 0.50m/s.
What is the speed of the first ball after the collision?

A 00m/s B 0.19m/s
C 0.31m/s D 0.50m/s

9 A student cycles along a level road at a speed
of 5.0m/s.

The total mass of the student and bicycle is 120 kg.
The student applies the brakes and stops.

The braking distance is 10 m.

What is the average braking force?

A 150N B 300N
C 15000N D 30000N

10 A body, initially at rest, explodes into two masses Mi and M2
that move apart with speeds v1 and vz respectively.

What is the ratio vi/v2?

1 1
M, M, (M, \2 M, 2
A 77 B C (— D (—]
M, M, M, l M,
11 Two equal masses travel towards each other on a

frictionless air track at speeds of 60 cm s and 30 cm s,
They stick together on impact.

What is the speed of the masses after impact?

1 1

A150ms'1 B20cms™' €30cms! D45cms”



12

A ball of mass 12 kg travelling at 8ms™" strikes a ball of mass 4 kg
travelling at 2ms™ . Both balls are moving along the same straight
line as shown.

8ms™ 2ms™’ v

After collision, both balls move at the same velocity v.
What is the magnitude of the velocity v?

A 4ms™ B 5ms™ c6ms™ D 8ms™

13 The diagram shows a situation just before a head-on collision.
A lorry of mass 20 000 kg is travelliqg at 20.0 ms™ towards a car of
mass 900 kg travelling at 30.0 m s~ towards the lorry.

200ms™

30.0ms™!

mass of car

mass of lorry
20000kg 900kg
What is the magnitude of the total momentum?

A373kNs B427kNs C3600kNs D4410kNs

14 Two equal masses travel towards each other on a frictionless

air track at speeds of 60 cm s and 40 cm s~ . They stick

together on impact.
60cms! 40cms!
. -—
— L
|

What is the speed of the masses after impact?

1 1 1

A10cms ' B20cms  C40cms’ D50cms™

15 Two railway trucks of masses m and 3m move towards
each other in opposite directions with speeds 2v and v
respectively. These trucks collide and stick together. What
is the speed of the trucks after the collision?

C v Ds—v

v
B 2 4

A<

16 The diagram shows a cannon ball fired from cannon.

The mass of the cannon is 1000 kg and the mass of the cannon ball
is 10 kg. The recoil velocity of the cannon is 5 m s horizontally.
What is the horizontal velocity of the cannon ball?

A200ms' Bs00oms?' c2000ms?! D5000ms!

17 Which is a statement of the principle of conservation

of momentum?

A Momentum is the product of mass and velocity.

B Momentum is conserved only in elastic collisions.

C Momentum is conserved by all bodies in a collision.

D Momentum is conserved providing no external forces act.

18 A tennis ball of mass 100 g is struck by a tennis racket. The
velocity of the ball is changed as shown.
20ms!

Il

What is the magnitude of the change in momentum of the ball?

A1kgms' B5kgms' €1000kgms' D5000kgms™

19 The diagram shows two spherical masses approaching each
other head-on at an equal speed u. One has mass 2m and the

other has mass m.
e U]

U i

Which diagram, showing the situation after the collision, shows the
result of an elastic collision?

@ ® @ ®
u 5u u 2_u
<_§ T—> <—6 3—>

D
® . O 20,
u_— 2?“—. 3
6
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the spheres stick together

20. Two trolleys are placed together on
a horizontal runway with
a compressed spring between them.

2kg
o)
OmOskOm0),

When they are released, the 2 kg trolley
moves to the leftat2 ms™'.

How much energy was stored in the spring?

A4J
caJ

B 6J
D12J



Momentum

(@) Explain why momentum is a vector quantity. (c) A different car has a mass of 1500kg. It collides with the same wall and all of the energy
transferred during the collision is absorbed by the crumple zone.

............................................................................................................................................... [1]
(i) The energy absorbed by the crumple zone is 4.3 x 105J. Show that the speed of the car
(b) The crumple zone at the front of a car is designed to collapse during a collision. before the collision is 24 m/s.
concrete wall
crumple
I zone
é@ =
> S 2]
° J
N2 (ii) Suggest what would happen to the car if it is travelling faster than 24m/s when it hits
the wall.
B 14
....................................................................................................................................... 1
In a laboratory test, a car of mass 1200 kg is driven into a concrete wall, as shown in Fig. 1.1. ]
Total: 8
A video recording of the test shows that the car is brought to rest in 0.36s when it collides [ ]

with the wall. The speed of the car before the collision is 7.5m/s.

Calculate

(i) the change of momentum of the car,

change of MOMEeNtUM = ...t [2]

(ii) the average force acting on the car.

average force =
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2 Fig. 2.1 shows a hammer being used to drive a nail into a piece of wood.

hammer head

nail

wood

Fig. 2.1
The mass of the hammer head is 0.15kg.
The speed of the hammer head when it hits the nail is 8.0m/s.
The time for which the hammer head is in contact with the nail is 0.0015s.

The hammer head stops after hitting the nail.

(a) Calculate the change in momentum of the hammer head.

change in momentum =

(b) State the impulse given to the nail.

impulse =

(c) Calculate the average force between the hammer and the nail.

average force =

[Total: 5]

3

Fig. 3.1 shows a model fire engine. Its brakes are applied.

model fire engine
containing water tank

/s ®
/ 4 =
-}
O

g@

on;

Fig. 3.1
0.80kg of water is emitted in the jet every 6.0s at a velocity of 0.72m/s relative to the model.

(a) Calculate the change in momentum of the water that is ejected in 6.0s.

MOMENTUM = ..o [2]

(b) Calculate the magnitude of the force acting on the model because of the jet of water.

(c) The brakes of the model are released.

State and explain the direction of the acceleration of the model.

Statement

(d) In (c) the model contains a water tank, which is initially full. (2]

State and explain any change in the magnitude of the initial acceleration if the brakes are first
released when the tank is nearly empty.

P21 (=1 4170 ) SO O PPPTN
[T 0] = =1 1o o PR PSEEESRTR

[Total: 9]
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4 Fig. 4.1 shows a dummy of mass 70kg used in a crash test to investigate the safety of a new car.

barrier—_|

passenger
compartment

windscreen

dummy

The car approaches a solid barrier at 20 m/s. It crashes into the barrier and stops suddenly.

(a) (i) Calculate the momentum of the dummy immediately before the crash.

(ii) Determine the impulse that must be applied to the dummy to bring it to rest.

Fig. 4.1

momentum =

(b) In the crash test, the passenger compartment comes to rest in 0.20s.

Calculate the deceleration of the passenger compartment.

deceleration = ... [2]

(c) The seat belt and air bag bring the dummy to rest so that it does not hit the windscreen.
The dummy has an average deceleration of 80 m/s?.

Calculate the average resultant force applied to the dummy, of mass 70 kg.

(d) The deceleration of the dummy is less than the deceleration of the passenger compartment.
Explain why this is of benefit for the safety of a passenger.

[Total: 9]
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5 Fig. 5.1 shows two railway trucks on a track.
(iii) Calculate the final speed of truck A.
-+——50m/s

buffer truck B truck A
5000kg ) .. 6000kg track
O O O O
Fig. 5.1

Truck A of mass 6000 kg is moving at 5.0m/s. It is approaching truck B of mass 5000 kg, which is
stationary. speed = (3]

(a) Calculate the momentum of truck A. [Total: 9]

MOMENTUM = ..ot e e e e e areee e e [2]
(b) The trucks collide, their buffers compress and then they bounce off each other, remaining
undamaged.
After the collision, truck B has a momentum of 27000 kgm/s.

(i) Determine the impulse applied to truck B.

IMPUISE = e e e e [2]

(i) The trucks are in contact for 0.60s.

Calculate the average force on truck B.
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6

Fig. 6.1 shows two cars, A and B, before they collide.
(iii) The cars are in contact for 0.20s.

Calculate the average resultant force experienced by car B during the collision.

stationary

Fig. 6.1
Car B, of mass 1200Kkg, is stationary. Car A, of mass 2000Kkg, is travelling towards car B at 18 m/s. FOMCE = oo [2]
(a) Calculate the momentum of car A.
(c) A modern car is designed so that, during a collision, the front section of the car is crushed and
the time of contact increases.
Explain the benefit of increasing the time of contact for the people in the car.
MOMENTUM = ..o [2]
(b) The cars collide and car B experiences an impulse. Car A continues to move in the same
direction, with @a momentum of 21000 KG M/S.
(i) Calculate the momentum of car B immediately after the COIISION. e e e [2]
[Total: 8]
MOMENTUM = ..o [1]

(ii) Determine the average impulse experienced by car B during the collision.
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7

(a) Underline the pair of quantities which must be multiplied together to calculate impulse. g

force and mass

force and velocity mass and time

time and velocity weight and velocity force and time [1

(b) Fig. 7.1 shows a collision between two blocks A and B on a smooth, horizontal surface.

A B A B
3.0m/s v

— 1.2kg

2.4kg

before collision after collision

Fig. 7.1

Before the collision, block A, of mass 2.4 kg, is moving at 3.0m/s. Block B, of mass 1.2kg, is
at rest.

After the collision, blocks A and B stick together and move with velocity v.
(i) Calculate

1. the momentum of block A before the collision,

MOMENTUM = ittt [2]
2. the velocity v,

VEIOCIEY = oo [2]

3. the impulse experienced by block B during the collision.

(ii) Suggest why the total kinetic energy of blocks A and B after the collision is less than the
kinetic energy of block A before the collision.

[Total: 8]

(a)

(b)

State the word equation that defines momentum.

A metal block A, travelling in a straight line at 4.0m/s on a smooth surface, collides with a
second metal block B which is at rest. Fig. 8.1 shows the two metal blocks A and B before
and after the collision.

3.2kg 1.6kg
4.0m/s
before collision A IT‘ at rest
- 1.5m/s v
after collision A — IT‘_>

Fig. 8.1

The mass of Ais 3.2kg. The mass of B is 1.6kg.
After the collision, the velocity of Ais 1.5m/s.

Calculate

(i) the momentum of A before the collision,

MOMENTUM = e [2]

(ii) the velocity v of B after the collision.



(c) In the collision that occurred in (b), block A and block B are in contact for 0.050s.

Calculate the average force that is exerted on B during the collision.

average forCe = ..o [2]

(d) After the collision in (b), the total kinetic energy of the two blocks is less than the kinetic
energy of block A before the collision.

Suggest one reason for this.

[Total: 9]
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Turning effect-equilibrium and moments MCQ

The diagram shows a uniform, flat metal sheet
hanging freely from a nail at point A. A weight also
hangs freely on a string tied to A.

One of the labelled points is at the centre of mass
of the metal sheet.

Which point is at the centre of mass?

nail

metal sheet

2 The diagrams show four solid cones. The centre
of mass of each cone is marked by a point
labelled M.

Which cone is the most stable?

A AN

L=

truck

‘O—6)

Cc

man

platform

4 The diagrams show three uniform beams
P, Q and R, each pivoted at its centre.
The two forces acting on each beam are

also shown.

20m 11.0m
-

The diagram shows a non-uniform beam

of weight 120N, pivoted at one end.
The beam is kept in equilibrium by force F.

20cm 60cm

N

]
40N 4.0N
3 40m 1 20m
:
Q o l
2.0N 5.0N
20m ! 4.0m
" A

3 A heavy truck on wheels has a platform attached
to it.

A man stands on the platform.

The truck does not fall over.

Which position A, B, C or D could be the centre
of mass of the whole system (truck, platform and
man)?

1.5N

Which beams rotate clockwise?

A

B
C
D

P and Q only
P and R only
Q and R only
P,QandR

49

In the diagram, W

is the weight of the plank, acting at its mid-point.

What is the value of W?

A 35N B 47N
C 100N D 133N

l centre of
X mass of beam
weight F
120N
What is the value of force F?
A 30N B 40N
C 360N D 480N
6  Along plank XY lies on the ground.
Aload of 120 N is placed on it, at a
distance of 0.50 m from end X,
as shown.
End Y is lifted off the ground.
The upward force needed to do it is 65 N.
load 65N
X, Y
10.50m 1.5m \ 2.0m '\ground
120N w



7 The diagram shows a uniform bridge,
4.0m long and weighing 10000 N.

The bridge is pivoted at one end.
A force at the other end gradually
increases until the bridge begins to lift.

lifting
bridge force
pivot\. '
|« 4.0m o
What is the lifting force as the bridge starts to move upwards?
A 2500N B 5000N
C 10000N D 20000N

8 The diagram shows a wooden beam of weight 20 N.
The centre of mass of the beam is labelled M.
There is a pivot at one end of the beam.

The beam is kept horizontal by an upward force F.

F
[

2.0m
1.2m i

pivot 1

>ty
<

wooden beam

|
20N

What is the magnitude of F?

A 12N
C 30N

B 20N
D 33N

9 The diagram shows a man holding a sack
and barrow stationary.

He applies a vertical force to the handle.

The centre of mass and the weight
of the sack and barrow are shown.

The wheel acts as a pivot.

centre of mass
of sack and barrow

weight of
sack and barrow
200N
What is the magnitude of the

vertical force exerted by the man?

A 38N B 50N
C 67N D 200N

10 A uniform rod XY of weight 2.0N has a length of 80 cm.

The rod is suspended by a thread 20 cm from end X.
A weight of 5.0N is suspended from end X.

/thread

© 20cm uniform rod
[ —|

80cm !

\
5.0N

A student hangs a 6.0 N weight on the rod so that it is in equilibrium.

What is the distance of the 6.0 N weight from end X?

A 6cm B 10cm
C 26cm D 30cm
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11 Passengers are not allowed to stand on
the upper deck of double-decker buses.

upper deck

lower deck
Why is this?

They would cause the bus to become less stable.

B They would cause the bus to slow down.
C They would increase the kinetic energy of the bus.
D They would lower the centre of mass of the bus.

12 The diagram shows a handle with three forces,
each 100 N, applied to it. The handle is free to move.

100N

100N —= 1

—> 100N

handle |
G/pivot

What is the effect of the forces on the handle?

A The handle will move downwards.

B The handle will not move.

C The handle will turn anticlockwise (to the left).
D

The handle will turn clockwise (to the right).



18 A light aircraft stands at rest on the ground.

13 Two objects X and Y are placed on a 15 When two blocks X and Y are placed on a It stands on three wheels, one at the front
uniform beam, the beam balances on a pivot and two further back.
balance. The balance tilts as shown. atits centre as shown. Which point could be its centre of mass?
Y
X X
Y [

JAN S

What does this show about the masses . » 7
and weights of objects X and Y? What does this show about X and Y7

masses weights A They have the same mass and the same density.

B They have the same mass and the same weight. 12  Two forces act on an object.

A X has less mass than Y X has less weight than Y

B X has less mass than Y X has more weight than Y C They have the same volume and the same density. In which situation is it impossible for the object to be in equilibrium?
C | X hasthe samemassasY | X has less weight than Y D They have the same volume and the same weight. A The two forces act in the same direction.

D

X has the same mass as Y | X has more weightthanY | 16  What are the conditions for equilibrium? The two forces act through the same point.

14 The diagram shows a balance being used resultant force resultant turning

to find the weight of a baby. _ acting effect acting
The weight of the basket can be ignored.

B
C The two forces are of the same type.
D

The two forces are the same size.

o o yes yes 20 The diagram shows four models of buses placed on different ramps.
At equilibrium, the pivot is nearer to

the weight W than to the baby.

es no
Y centre

no yes of mass

centre

of mass
centre of mass

of beam

O 0 w >

no no

4 |

pivot — | |
m How many of these models will fall over?

17 The diagram shows four objects standing on a flat

bab A 1 B 2 c 3 D 4
al
~‘ y surface. The centre of mass of each object is marked M.
Cr1T=
@ Which object wil fall over?
basket A B c D
What is the weight of the baby?
A lessthan W M | M M
B more than W
c w
D impossible to tell
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Turning effect - equilibrium and moments (iii) the tension T,

1 (a) A stationary object is acted upon by a number of forces.
State the conditions which must be true if the object

(i) does not accelerate,

Total: 8
2 A student is sitting on a chair as shown in Fig. 2.1. [ ]

....................................................................................................................................... [1]
(ii) does not rotate.
....................................................................................................................................... [1]
(b) Fig. 1.1 shows a boat that has been lifted out of a river. The boat is suspended by two ropes.
It is stationary.
T, T, Fig. 2.1
(@) (i) Estimate the mass of the student. .........coovvviiiiiiiii e, [1]
(ii) Which statement is correct for the mass of the chair on the Moon and the mass of the
T chair on the Earth?
5 c P
X X Tick the box next to the correct statement.

The mass of the chair is greater on the Moon.

The mass of the chair is less on the Moon but not zero.

Fig. 1.1 (not to scale) The mass of the chair is the same on the Moon.

The weight of the boat, acting at the centre of mass, is 24kN. The tensions in the ropes are .
T, and T, The mass of the chair is zero on the Moon.

(1]
) (b) The student tips his chair back to the position shown in Fig. 2.2.
Determine
(i) the moment of the weight of the boat about the point P,
centre of mass of
student and chair
MOMENT = oot [1]
Fig. 2.2
ii) the tension T, . . . -
(i) I 1 (i) State and explain how the pressure exerted by the chair on the floor in Fig. 2.2 compares
with the pressure exerted by the chair in Fig. 2.1.
STAtEMENT ... e
EXPIANATION ... e e
T} = e [B] e [3]



(ii) Explain why the chair will topple over backwards. You may draw on Fig. 2.2 as part of 3 Fig. 3.1 shows an irregularly shaped piece of card.
your answer.

Fig. 3.1
[Total: 7]

A student is asked to find the centre of mass of the card. The student is provided with a clamp and
stand, a small mass attached to a thin string and a long pin.

(a) Describe the procedure for finding the centre of mass of the card. You may draw a diagram.

............................................................................................................................................... [3]

(b) What simple test can be carried out to confirm that the centre of mass has been found?
............................................................................................................................................... [1]
[Total: 4]
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4

against the vehicle. The two forces indicated are at right angles to each other.

vehicle
P m——
7
4.0kN
T6.0 kN D
| S—
elephant
elephant (

Fig. 4.1

In the space below, draw a scale vector diagram to determine the magnitude of the resultant

force. Label the two forces applied and the resultant, and clearly state the scale you use.

magnitude of resultant force = ...

(a) Fig. 4.1 shows a top view of a tourist vehicle in a game park and two elephants pushing

(b) Fig. 4.2 shows another elephant pushing horizontally against a vehicle with a force of 11kN at
a distance 1.8 m above the ground. Point M is the centre of mass of the vehicle.

elephant

vehicle

Fig. 4.2

(i) Calculate the moment about point A of the force exerted by the elephant.

MOMENT = oo 2]
(ii) The mass of the vehicle is 1900kg, and it does not slide when pushed by the elephant.
Determine whether the elephant tips the vehicle over. Show your working.

calculation

Lo o) o] D=3 o] o PSPPSR [2]

[Total: 7]
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5 A metre rule balances when the 50 cm mark is directly above a pivot.

(a) State where in the rule its centre of mass is located.

(b) Fig. 5.1 shows an apple and a 0.40 N weight placed on the rule so that the rule remains
balanced at the 50cm mark.

) ) 0.40N )
apple 1 : Welght 1
\é ! 50cm
I ! mark
. ; : !
I 45¢cm

25cm Zj\e
pivot

Fig. 5.1 (not to scale)

The centre of mass of the apple is 25cm from the pivot and the centre of mass of the weight
is 45cm from the pivot.

Calculate

(i) the weight of the apple,

weight = . [2]
(ii) the mass of the apple.
MASS = wrviieiiiririer e [1]

(¢) The apple is not moved. The weight is removed from the rule and the pivot is moved to the left
until the rule balances as shown in Fig. 5.2.

A\pivot

Fig. 5.2 (not to scale)

50cm
mark

(i) Explain why the arrangement in Fig. 5.2 balances.

(ii) The pivot in Fig. 5.2 is closer to the 50 cm mark than to the centre of mass of the apple.

Compare the weight of the rule to the weight of the apple.

[Total: 7]
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6 Fig. 6.1 shows a mobile bird sculpture that has been created by an artist.

tail

bird sculpture

pivot

hole in sculpture
for pivot

12cm 30cm

Fig. 6.1

M is the centre of mass of the bird sculpture, including its tail (but not including the
counter-weight that will be added later). The mass of the bird and tail is 1.5kg.

The bird sculpture is placed on a pivot.

The artist adds the counter-weight at the end E of the tail so that the bird remains stationary
in the position shown.

(a) Calculate the mass of the counter-weight.

(b) The centre of mass of the sculpture with counter-weight is at the pivot.

Calculate the upward force acting at the pivot.

()

The sculpture is rotated clockwise to the position shown in Fig. 6.2. It is held still, then

carefully released.

pivot

counter-weight

Fig. 6.2

(i) State whether the sculpture will stay in that position, rotate further clockwise or
rotate back anticlockwise.

[Total: 6]
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7 (a) Complete the following statement:
The moment of a force about @ POINTIS ......ceeiiiiiiiie e
multiplied by
(b) Fig. 7.1 shows a uniform iron bar B of weight 30 N and length 1.40 m. The bar is being used to

lift one edge of a concrete slab S. A stone, placed 0.20 m from one end of B, acts as a pivot.
A force of 40N pushing down at the other end of B is just enough to lift the slab and hold it as

shown.

- 1.40m s
N o

1 '

10.20 m!

concrete slab ! iron bar B force 40N
S y
65» stone
Fig. 7.1

(i) On Fig. 7.1, draw an arrow to show the weight of bar B acting from its centre of mass. [1]

(ii) State the distance d of the centre of mass of bar B from the pivot.

(iii) Calculate the total clockwise moment, about the pivot, of the forces acting on bar B.

total clockwise moment = ........ccoooiiiiiiii i [3]
(iv) Calculate the downward force which the slab S exerts on the end of bar B.

(v) Suggest a change to the arrangement in Fig. 7.1 that would reduce the force required to
lift the slab.

[Total: 9]

(a) State the two conditions required for the equilibrium of a body acted upon by a number of

forces.

(b) Fig. 8.1 shows a diagram of an arm with the hand holding a weight of 120 N.

: 15¢cm
Yo
! ON Yi20N
33cm
Fig. 8.1

The 20N force is the weight of the forearm, acting at its centre of mass. F is the force in the
muscle of the upper arm. P is the point in the elbow about which the arm pivots. The distances
of the forces from point P are shown.

(i) By taking moments about point P, calculate the force F.

fOrCE F = oo [3]

(ii) A force acts on the forearm at point P. Calculate this force and state its direction.

fOrCE = e

AIreCHION = ..o [2]
[Total: 7]
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Forces and Matter
Summary Notes

Density and pressure
The density of a substance is defined as the mass per unit volume and is measured in
kilograms per metre cubed (kg/m®).

mass —
volume p

density =

<k

To find the density of a liquid:

e Find the mass of the measuring cylinder by placing it on a balance, then fill it with the liquid
and measure the new mass. The difference in masses is the mass of the liquid minus the
cylinder (alternatively, we can press tare on the balance so it's zeroed). This avoids zero
error.

e The volume can be read from the cylinder. It must be read straight-on to avoid parallax
error.

e Find the density using the equation.

To find the density of solid:
e Measure the mass of the solid by placing it on a balance.
e |[f the solid is:
o regularly shaped, measure its dimensions using a ruler or other measuring tool and
then use a mathematical formula to find the volume.
o irregularly shaped, immerse it in water and measure the volume of the water
displaced. This is the volume of the solid.
e Find the density using the equation.

Pressure is defined as the force per unit area and is measured in Pascals (Pa).

force

pressure='m—e p=

N

For example, lying down on a bed of nails compared to a single nail:
e The force applied is the weight of your body
e The total area is either a single pin point or many points spread out over a larger area
o Therefore, on a bed of nails, the pressure is lower as the area is greater.

The pressure at a point in a gas or liquid at rest acts equally in all directions and causes a force
at right angles to any surface. Pressure in a fluid (gas or liquid) is created from the movement of
particles (as they collide with a surface).

The pressure beneath a liquid surface increases with depth, the density of the liquid and the
gravitational field strength.
e ltis given by p =pgh
- Deeper in the fluid the more particles above the point, hence the greater their weight.
- Fluids with higher density have more particles per unit of volume, hence greater weight.
- Weight depends upon gravitational field strength.

A force may produce a change in size and shape of a body. This is called deformation:

« Elastic deformation is when the object returns to its original shape when the load has been
removed, an example being a spring being stretched under normal usage.

Hooke’s law states that for a spring, F = kx where F is the force applied to the spring, k is the
spring constant, and x is the extension.

Linear (straight line) force-extension graph: fracture
+ Elastic deformation following Hooke’s law
o The point it stops being linear is called the plastic reglon

limit of proportionality. From then on, it
does not obey Hooke’s law.
o Gradient is the spring constant, k

Force

elastic region
Non-linear (curved line) force-extension graph:
« Deformation not following Hooke’s law
« After this region, it will fracture extension

Source: physicsandmathstutor.com
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Density MCQ

1 The diagram shows the dimensions
of a rectangular block of metal of mass m.

A
B
Which expression is used to calculate the density of the metal? c
A mxpxgq B mxpxqgxr D
m m
(pxq) (pxqgxr)

3 A student wishes to determine the

density of the solid block shown.

I
I
1
1
I
I
I
1
1
I
i
I

\
N
N

Which quantities must be known?

the area of the shaded face and the volume of the block
the area of the shaded face and the weight of the block
the mass of the block and the height of the block

the mass of the block and the volume of the block

4  Two cylinders are made of the same metal.

2 Diagram 1 shows an empty measuring
cylinder on a balance.

Diagram 2 shows the same measuring cylinder
on the balance, but it now contains a liquid

N cm? N cm?®
16.0 16.01
14.0 14.0- A
12.0 12.0-
B
10.0 40-0
8.0 8.0 c
6.0- 6.0- D
4.0 4.0
2.0 2.0 5
[] []

| 30g | 50g

cylinder 1

The mass of a piece of metal is 1200g.
A measuring cylinder contains 150 cm?® of water.
The piece of metal is put into the measuring cylinder.

The water level rises to 250 cm® and covers
the metal.

Both cylinders have the same cross-sectional area
but one is longer than the other.

) d )

cylinder 2

Which quantity is the same for both cylinders?

density
mass
resistance

volume

6 The diagrams show an empty rectangular box,
and the same box filled with liquid.
The box has a mass of 60g when empty.
When filled with liquid, the total mass of the box
and the liquid is 300g -

empty box box filled with liquid
609 3009

The density of the liquid is 1.2g/cm?®.
What is the volume of the liquid in the box?

B 200cm®
D 300cm®

A 50cm®
C 250cm®

A student uses a measuring cylinder and
a balance to find the density of oil.

The diagram shows the arrangement used.

empty measuring
measuring N cylinder containing
cylinder volume V of oil

oil

What is the density of the metal?

diagram 1 diagram 2

What is the density of the liquid?
A 0.2g/cm®
C 20g/cm®

B 0.5g/cm®
D 50g/cm®

A 3.0g/cm®
C 8.0g/om® D

B 4.8g/cm®
12.0g/cm®
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8 The equation used to find the pressure
caused by a liquid can be written as

p=hxYxZ

where p is the pressure and
h is the depth of the liquid.

Which row gives the quantities Y and Z?

Y z
A | cross-sectional area | gravitational field strength
B | cross-sectional area volume
C density cross-sectional area
D density gravitational field strength
9 The diagrams show an empty container,

and the same container filled with liquid.

The empty container has a mass of 120g,
When filled with the liquid, the total mass
of the container and the liquid is 600 g.

empty container container filled with liquid
1209 600g

The volume of liquid in the container is 600 cm?®.

What is the density of the liquid?

A 0.020g/cm®* B 0.80g/cm®
C 1.0g/cm? D 1.2g/cm’

10 A measuring cylinder containing only water
is placed on an electronic balance. A small,
irregularly shaped stone is now completely
immersed in the water.

The diagrams show the equipment before
and after the stone is immersed.

N N\
m?_azuring cm® cm?®
cylinder 100— 100—

T oo 90—
80— 80—
70— 70—
60— 60—
50—
0 | __stone
water\\ 30—
20—
10—

Lr
balance

after the stone
is immersed

before the stone
is immersed

What is the density of the material of the stone?
A 17g/cm® B 3.3g/cm®
C 45g/cm® D 87g/cm®

11 Four different liquids are poured into four containers.

The diagrams show the depth and the density of liquid in each container.

In which container is the pressure on its base the greatest?
A B C D

30 40cm
120 cm cm

liquid density
=1.2g/cm?

¢10cm

liquid density
=3.1g/cm?®

liquid density  liquid density
=1.3g/cm® =0.8g/cm®

60

12 The masses of a measuring cylinder before
and after pouring some liquid into it are
shown in the diagram.

cm?® cm?®
200 200
100 100 o
: 4 —liquid
DA A
mass = 80g mass = 1809

What is the density of the liquid?

100 3 100 3
A qpp9lemt B qgpelem
180 3 180 3
C —1zog/cm D 140g/cm

13 A steel ball bearing has a mass of 24g

and a density of 8.0g/cm?®.
It is lowered into a measuring
cylinder containing 12 cm?® of water.

What is the new water level in the cylinder?

A 3.0cm® B 4.0cm®
c 15cm® D 16cm®



14  Four rectangular blocks, P, Q, R and S are shown.
Each block is labelled with its size and its mass.

P Q
2.0cm 10¢ 2.0cm 10¢g
;/;O cm /ZO cm
> >
2.0cm 3.0cm
R S
2.0cm 20¢g 2.0cm 20¢g
- . /;0 cm AO cm
4.0cm 2.0cm

Which two blocks have the same density?

A PandQ B PandR

C QandR D RandS
15 A student is given four different objects
and a metre rule.
Each object has a known mass.
She is asked to determine the densities
of the material from which the four
oblects are made.

The objects are a copper cylinder, a glass cube,
a steel spanner and a stone tile.

1D /<

copper glass steel stone
Using only the meter rule, she is able to
find the densities of only three of the
four materials

Which three materials are these?

A copper, glass and steel
B copper, glass and stone
C copper, steel and stone
D

glass, steel and stone

16 A column of liquid has height h,
mass m and density p.
The gravitational field strength is g.

Which expression gives the pressure
due to the column ©of liquid?

A hp
C mgh

B mp
D pgh

17 A measuring cylinder contains
30cm?® of a liquid.

N cmd® [

a
o

s
o

o
D

N
o

-
o

-y

Some more of the liquid is added until
the liquid level reaches to 50 cm® mark.

The reading on the balance increases by 30g.
What is the density of the liquid?

balance

A 0.60g/cm® B 0.67g/cm®
Cc 15g/cm® D 1.7g/cm®

18 A stone has a volume of 0.50cm?®
and a mass of 2.0g.

What is the density of the stone?
A 0.25g/cm®

B 1.5g/cm®
C 25g/cm®
D 4.0g/cm®

61

19 A cube of side 2.0cm is placed on a balance.

balance

What is the density of the cube?

A 0.90g/cm® B 3

Cc 18g/cm® D 3.6g/cm®

1.2g/cm

20 The diagram shows a rectangular block of density 2g/cm®.

3cm

P —

2cm

2cm

What is the mass of the block?
A 2g
C 149

B 6g
D 249

3



Density

1 A student wishes to find the volume of a piece of wood of irregular shape. Her experiment
requires the use of a small brass object of mass 200 g.

(a) Calculate the volume of the brass object. The density of brass is 8.4g/cm?3.

volume =

(b) To find the volume of the piece of wood, the student has a measuring cylinder, a supply of
water and the brass object in (a). The piece of wood and the brass object are small enough to
be placed in the measuring cylinder.

(M)

(i)

The piece of wood does not sink in water.

Suggest why.

Describe what the student does to find the volume of the piece of wood, stating the
measurements that she makes and any calculations required.

[Total: 7]

2 (a) A studentis asked to find the density of a small block of metal, as shown in Fig. 2.1.

\v\vidth

¢ height

Fig. 2.1

Use words from the list below to complete the following sentences.

balance

(M

(i)

beaker measuring cylinder protractor rule thermometer
The student shoulduse a ...........uueeeeiiiiiiiiiiiceeeieeeeee, to measure the length, width and
height of the metal block.
The student should UsSe a ........ooovviiiiieiiiiiiicceeee, to find the mass of the metal
block.
[2]

(b) A jeweller has a small block of metal. The block has a mass of 15.2g and a volume of 1.36cm?.

(@

Calculate the density of the metal.

density =

(ii) The jeweller looks up the values for the density of various metals and produces a table,

part of which is shown below.

metal %
gold 19.3
lead 11.3
platinum 21.5
silver 10.5

Using your answer to (b)(i) and the information in the table, state which metal the block is
most likely to be made from.

[Total: 6]



3 A student has 500 identical, rectangular sheets of paper. The mass of 1.0 m? of the paper is 0.080kg -

(a) Using a metre rule, she measures the length of one sheet of paper and its width. The length is
0.300 m and the width is 0.210 m.

(i) Calculate the mass of one sheet of paper.

(ii) The student makes a single pile of the 500 sheets of paper.
With a metre rule, she measures the height of the pile. The height of the pile is 0.048m.

Calculate the density of the paper.

AeNSitY = oo [3]
(b) A second student has only 5 sheets of the same type of paper.

Suggest how this student determines the density of the paper to a similar accuracy. Additional
apparatus may be used.

[Total: 6]

4  Fig. 4.1 shows remote sensing equipment on the surface of a distant planet.

Fig. 4.1

(a) The mass of the equipment is 350 kg. The acceleration of free fall on the surface of this planet
is 7.5m/s2.

(i) State what is meant by the term weight.

(i) Calculate the weight of the equipment on the planet.

(b) The equipment releases a balloon from a point that is a small distance above the surface
of the planet. The atmosphere at the surface of this planet has a density of 0.35kg/m?®. The
inflated balloon has a mass of 80g and a volume of 0.30 m?3.

Make an appropriate calculation and then predict and explain the direction of any motion of
the balloon. Show your working.

=T [ o3 1 0] o TP

[ 0] = T = Ao o PSSP

[Total: 7]
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5 A block of wood has a volume of 210 cm?3 and a mass of 180 g.

(a) Calculate the density of the block of wood.

AeNSity = oo [2]
(b) The block is held just above the surface of a liquid of density 0.88g/cm3.

Predict and explain what happens when the block is released.

[Total: 4]

6 Fig. 6.1 shows a hollow metal cylinder containing air, floating in the sea.

surface .
of sea ar
+[1.8m
1.2m| '
seawater . .
"7 N pottom
Fig . 6.1
(a) The density of the metal used to make the cylinder is greater than the density of seawater.
Explain why the cylinder floats.
............................................................................................................................................... [1]

(b) The cylinder has a length of 1.8 m. It floats with 1.2m submerged in the sea. The bottom of
the cylinder has an area of cross-section of 0.80 mZ.

The density of seawater is 1020kg/m3. Calculate the force exerted on the bottom of the
cylinder due to the depth of the seawater.

[Total: 7]

A student has a large number of coins of different diameters, all made of the same metal. She
wishes to find the density of the metal by a method involving placing the coins in water.

(a) State the formula needed to calculate the density.
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(b) Describe hOW the measurements of the required quantities are Carried OUL. e

(b) (i) State the other quantity, apart from the volume, that must be measured in order to
determine the density.

...................................................................................................................................... [1]
................................................................................................................................................... (i) State the formula that is used to caloulate the density
......................................................................................................................................................................................................................................................................................... 0]
................................................................................................................................................... () The student now wishes to determine the volume of & small iregularly shaped piece of wood
.............................................................................................................................................. 5] that floats in water. He notices that a small lead weight tied to the wood makes it sink in water.

(c) State one precaution taken when carrying out the measurements in (b) to ensure that the Describe how the student can adapt the experiment in (a) to determine the volume of the
result is as accurate as possible. wood. You may draw a diagram.
.............................................................................................................................................. [1]

[Total: 7]

8 A student wishes to determine the density of a small, irregularly shaped stone.

(@) With the aid of a labelled diagram, describe an experiment to determine the volume of the
Stone ...................................................................................................................................................

[Total: 8]



Pressure MCQ

1 The diagram shows three different containers J, K and L.

Each container contains water of the same depth

J

L

Which statement about the pressure of the water on the

base of each container is correct?

A

B
Cc
D

The water pressure is greatest in container J.

The water pressure is greatest in container K.

The water pressure is greatest in container L.

The water pressure is the same for all three containers.

2 A water manometer is connected to a gas supply

What happens to the water level at P and what happens to the water level at

gas
supply

(‘u\uuhm\uuhm\m\Mm\uu\mmm\l

water

There is a gas leak and the pressure of the gas supply falls.

water level at P

water level at Q

falls
falls

rises

O o0 m >

rises

falls
rises
falls

rises

3 Some gas is trapped in a container of fixed volume.

The temperature of the gas increases.

Which graph shows how the pressure of the gas changes with temperature?

5 A manometer is used to measure the pressure
of the air in a container

manometer\

connection
to container

liquid

Which change would give a bigger value of height h?

pressure/Pa A pressure/Pa B
/ /
0 0
0 temperature/°C 0 temperature/° C
pressure/Pa Cc pressure/Pa D
/ /
A
/ B
Cc
D
0 > 0 >
0 temperature/°C 0 temperature/°C

using a less dense liquid
using a more dense liquid
using a narrower tube

using a wider tube

6 The diagram shows a manometer containing a liquid.

The manometer is used to find the difference
between the pressure of a gas and atmospheric pressure.

Which distance represents this pressure difference?

4 The scale diagram shows three identical blocks,
P, Q and R. The blocks have different areas of
contact with the ground.

1
T
I
I
I
1
1
i
I
J-—-F AT T T T T T ~ AT T T T 5

P Q R

Which block exerts the greatest pressure on the ground?

A

B
C
D

block P
block Q
block R
they all exert the same pressure
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7 Four physics teachers investigate pressure.
They wear identical clothes and lie on different
beds of nails.

The table gives the weight of each teacher
and the total area of contact between
the teacher and the nails.

Which teacher experiences the least
pressure from the nails?

weight of total area of
teacher/N contact/cm?
A 700 13
B 800 20
C 900 14
D 1000 21

8 The table gives four forces and the surface
area on which each force acts.

Which row gives the largest pressure
on the surface?

force/N area/m?
A 20 2
B 40 2
(o4 20 4
D 40 4

9 What does a barometer measure?

A the current in a circuit
B the density of a liquid
C the pressure of air

D the temperature of an object

10 A man is in contact with the floor.
| which of these situations does
he produce the least pressure
on the floor?

A kneeling

B lying flat on his back
C standing on both feet
D

standing on one foot

11 The water in a lake is at 5°C
A diver measures the pressure of the water
at two different depths in the lake.
He repeats the measurements on a
different day whan the water is at 15°C.
The density of water decreases when
its temperature increases.

Which combination of depth and
temperature produces the greatest

water pressure?

depth/m temperature/°C
A 10 5
B 10 15
Cc 20 5
D 20 15

12 The diagram shows a dam holding back water.

65m water

dam

The depth of the water is 65m.

The density of the water is 1000kg/m°.
The gravitational field strength gis 10 N/kg.

What is the pressure exerted at
the base of the dam due to the water?

A 15.4Pa
C 65000Pa

154 Pa

D 650000Pa
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13 Air is trapped in a cylinder by a piston.
The original volume of the trapped air is V
and the original pressure of the trapped air is P.
The piston is pushed to the left.
The temperature of the gas does not change.

before piston is pushed in after piston is pushed in

AR L1 - T R |
T piston T
cylinder 25 50 25 50

trapped air trapped air

What is the new volume and what is the new pressure of the trapped air?

new volume new pressure
A 2v £
B 2v 2P
cl 3 2
D v 2P

14 The diagram shows a gas that is
trapped in a cylinder by a piston
The volume of the gas is
120cm?® and the pressure of the gas is P.

~———
E—
/
/ .
gas piston

The piston is moved slowly to the left
so that the volume of the gas reduced to

30cm?
The temperature of the gas does not change.

What is the new pressure of the trapped gas?

A 2 B 2
4 2
cC P D 4P



15 A container is filled with liquid to a certain depth h.

container

liquid

The pressure of the liquid at the bottom
of the container depends on several factors.

Which is one factor on which the pressure does
not depend?

A the strength of the Earth’s gravitational field
B the density of the liquid

C the depth of the liquid

D the strength of the Earth’s magnetic field

16 The volume of a gas is measured at different pressures.

The pressure p and the volume V of the gas are found
to be related by the equation:

pV = constant.

Which quantities are kept constant and which quantities change?

density of gas mass of gas temperature of gas
A v v X
B v X v
C X v v
D X X v

key v =constant x =changed

17 A diver under water uses breathing apparatus at

a depth where the pressure is 1.25 x 10°Pa.

A bubble of gas breathed out by the diver has a volume of 20cm® 20 A drawing pin (thumb tack) has
when it is released. The bubble a sharp point and a flat end.

moves upwards to the surface of the water.

At the surface of the water, the atmospheric pressure is 1.00 x 10°Pa. .
sharp point flat end

The temperature of the water is the same at all depths.

What is the volume of this bubble when it reaches the surface?

3 3 3 3
A 15cm B 16cm C 20cm D 25cm The pin is pushed into a wooden board.

18 The diagram shows a simple mercury barometer. How do the pressure and the force at
the sharp point compare with the

YT v pressure and the force at the flat end.
-4 -——" W force at the sharp point pressure at the sharp point
A greater than at the flat end greater than at the flat end
mereury~_{ B | greater than at the flat end less than at the flat end
C the same as at the flat end greater than at the flat end
D the same as at the flat end less than at the flat end
21 The diagrams show four divers at the bottom
—-X of four different swimming pools.
—q—-Y Two swimming pools contain fresh water and
—-Z two contain salt water. Fresh water is less dense
than salt water.
The atmospheric pressure increases. Which diver feels the least pressure from the water?
Which distance increases? A B
A VW B WY fresh fresh
C XY D XZ water water
19 Gas molecules striking a container wall N
cause a pressure to be exerted on the wall.
Which statement explains this?
A When a molecule rebounds there
must be a change in its energy. C D
B When a molecule rebounds there
must be a change in its momentum.
C When a molecule rebounds there |
must be a change in its speed. salt salt
D When a molecule rebounds there water water

must be a change in its temperature.
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25 A water manometer is connected to a gas supply
22 It is dangerous for submarines to dive to very great depths. :

Why is it dangerous? E
A The density of water is less at greater depths. gas E —H Q
B The pressure of water is greater at greater depths. supply E
E water
C The temperature of water is higher at greater depths. E 1+
D The weight of the submarine is greater at greater depths. é
23 Which block exerts the greatest pressure on the surface below it? There is a gas leak and the pressure of the gas supply falls.
A B ¢ D What happens to the water level at P and what happens to the water level at Q?
area 10cm?
water level at P | water level at Q
area 10cm? : area 20cm? A falls falls
area 20cm? .
: V;glo RIT |~ B falls rises
weight I _ : 1 weight )
; " weight ' 200N Cc rises falls
,JOON" /00N "7 Ry ST )
D rises rises
L
24 The diagrams show two mercury barometers. 26 A submarine is 20 m below the surface of the sea.
The right-hand diagram shows a tube of larger The pressure due to the water at this depth is P.
diameter. There is a vacuum above the mercury
in both tubes. On another day, the submarine is 26 m below the
Which labelled position on the right-hand tube shows surface of fresh water.
the mercury level in the right-hand tube? The density of sea water is 1.3 times the density
of fresh water.
M M A What is the pressure due to the fresh water
SR B at a depth of 26 m?
R | 1
P
c A = B P
L+ 1.3

b \ Cc 13P D 17P
ubes

| mercury_|
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29 The diagram shows a mercury manometer used to measure the pressure of gas in a container.

27 A cylinder with a tap contains a fixed mass of gas X. Atmospheric pressure is 76 cm of mercury
The gas is contained by a piston which can '

move freely towards or away from the tap.

atmosphere
g8 X —— tap closed \\
cylinder—| gas | I N
When the tap is opened, the piston moves slightly to the right, towards the tap. mercury ~_ | A
gas X—_| atmosphere e 20cm
[ tap open U
— N s T

What is the pressure of the gas?

A 56.cm of mercury

What can be deduced about the pressure of gas X? 68 cm of mercury

before opening tap after opening tap

B
C 84cm of mercury
D

96 cm of mercury

A less than atmospheric pressure more than atmospheric pressure
B | same as atmospheric pressure | more than atmospheric pressure 30 In which position would a boy exert the most pressure on the ground?
C | more than atmospheric pressure less than atmospheric pressure A lying on his back
D more than atmospheric pressure same as atmospheric pressure B sitting down
28 Which statement is explained by reference to pressure? C  standing on one foot
D standing on two feet

A Objects with greater mass have greater weight.

B One kilogram of water occupies more volume than one kilogram of lead.
C Spikes on running-shoes sink into the ground.

D Water cooled to a low enough temperature turns to ice.
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Pressure

2 A round-bottomed flask is connected to a mercury manometer. The air inside the flask is warm.
The arrangement is shown in Fig. 2.1.

1 (a) A student carries out an experiment to find the relationship between the pressure p and the
volume V of a fixed mass of gas. The table contains four of her sets of measurements.

(M)

p/kPa 250

500

750

1000

V/iem3 30.0

15.2

9.8

7.6

Use the data in the table to suggest the relationship between the pressure and the
volume in this experiment. Explain how you reach your conclusion.

mercury

air

Fig. 2.1

[2] (a) (i) State the scale reading for the left-hand column.

(ii) State the property of the gas, apart from the mass, that remains constant during the

experiment.

(b) A lake is 5.0m deep. The density of the water is 1000kg/m3.

(i) Calculate the pressure at the bottom of the lake due to this depth of water.

(i)

A bubble of gas escapes from the mud at the bottom of the lake and rises to the surface.

pressure =

Place one tick in each row of the table to indicate what happens to the volume, the mass
and the density of the gas in the bubble. Assume that no gas or water vapour enters or

leaves the bubble.

increases stays the same decreases
volume of bubble
mass of gas in bubble
density of gas in bubble
(2]
[Total: 7]

left-hand column = . ... mm
State the scale reading for the right-hand column.

right-hand column = ... mm

(ii) Atmospheric pressure is equal to 760 mm of mercury.

Calculate the pressure of the air inside the flask.

Pressure = ....ooooeeeevieeneieee mm of mercury [3]

(b) The air inside the flask cools.

(i) State what happens to the pressure of the air inside the flask as the air cools.

(ii) Interms of the air molecules, state two ways in which the air changes as it cools.



3

4 A large stone block is to be part of a harbour wall. The block is supported beneath the surface of

Fig. 3.1 shows a car and a snow tractor.

Fig. 3.1
The car and the snow tractor have the same weight.

(a) Explain why the snow tractor can travel across soft snow without sinking, but the car cannot.

(b) The car driver checks his tyre pressure in a warm garage. The pressure of the air inside the
tyre when it is warm is 24.0N/cm?,

The car is driven outside and left in the snow.
(i) Suggest a value for the pressure of the air inside the tyre when it is cold.
PIESSUIE = .ooveveiveeeeeeee et eeen e N/cm?[1]

(ii) Interms of the air molecules inside the tyre, explain the change in the pressure of the air.

[Total: 6]

surface of sea

the sea by a cable from a crane. Fig. 4.1 shows the block with its top face a distance h beneath
the surface of the sea.

cable

\ block

Fig. 4.1

The force acting downwards on the top face of the block, due to the atmosphere and the depth h
of water, is 3.5 x 10*N.

(a) The top face of the block has an area of 0.25m?2.

(i) Calculate the pressure on the top face of the block.
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(i)

(ii)

PreSSUIE = .ooiiiiiiiiieeeeeeiieee e ee e [2]

The atmospheric pressure is 1.0 x 105Pa.

Calculate the pressure on the top face of the block due to the depth h of water.

PrESSUIE = ..ooriieieeerieieeereesieeeneesineennee s
The density of sea water is 1020kg/m3.

Calculate the depth h.



(b) Suggest two reasons why the tension force in the cable is not 3.5 x 10*N.

(c) The block is lowered so that it rests on the sea-bed.

State what happens to the tension force in the cable.

5 Fig. 5.1 shows a cylinder containing gas compressed by the movement of a piston.

compressed gas

] —|—— final position of piston
cylinder —
_________________ [1] ___Ll__ {7 initial position of piston
[Total: 8]

Fig. 5.1
Initially the volume of the gas was 470cm3. The piston moves up and compresses the gas to a
volume of 60cm3. The whole arrangement is left for some time until the gas cools to its original
temperature. The pressure of the gas is now 800kPa.

(a) Calculate the initial pressure of the gas.

PrESSUIE = .uviiiieiiiiieieieeeeieeee e e e esiaree e e e e enraeae e [3]

(b) Explain, in terms of molecules, the effect on the pressure of the gas if it was not given time to
cool to its original temperature.

............................................................................................................................................... [3]
(¢) The area of the piston is 5.5 x 103m2 (0.0055m2).
Calculate the force exerted by the gas on the piston when the pressure is 800 kPa.
fOrCE = e [2]
[Total: 8]
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6 Fig. 6.1 shows an oil tank that has a rectangular base of dimensions 2.4m by 1.5m. (b) The force calculated in (a)(ii) is the weight of the oil.

oil Calculate the mass of ail in the tank.

depth of ol
1.5m

/’1.5m

Fig. 6.1

24m

(c) When he is checking the level of oil in the tank, a man drops a brass key into the oil and it

The tank is filled with oil of density 850 kg/m? to a depth of 1.5m. sinks to the bottom of the oil.

(a) Calculate (i) State what this shows about the density of brass.

(i) the pressure exerted by the oil on the base of the tank,

PrESSUIE = ..iiiiiiiieiiieiiieereeeeaeeeaa e e e e e e e e e e e e e e s e e e sseensnnnnnes [2]

[Total: 7]

(ii) the force exerted by the oil on the base of the tank.

fOrCe = e [2]
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7 a)

(b)

(c)

State what happens to the molecules of a gas in a sealed container when the temperature of
the gas is increased.

A quantity of gas is contained in a sealed container of fixed volume. The temperature of the
gas is increased.

State, in terms of molecules, two reasons why the pressure of the gas increases.

(2]

A helium-filled weather balloon is held at ground level. The volume of the balloon is 4800 m®.
The pressure of the helium is 98 kPa.

The balloon is released and rises to a height where the volume of the balloon is 7200 m”.

(i) Calculate the new pressure of the helium. Assume that the temperature stays constant.

PrESSUIE = oiiiiiiiiiiiieieie e [2]

(ii) Suggest why it may be necessary to release helium from the balloon as it rises even
higher.

[Total: 6]

8 An archaeologist is investigating a shipwreck and discovers a wooden box on the seabed.

surface of sea

NOT TO
SCALE

15m

wooden box ]

Fig. 8.1

The dimensions of the lid of the box are 1.2m by 0.80 m and the pressure of the atmosphere
is 1.0 x 10°Pa. The lid is 15 m below the surface of the sea.

(a) The density of sea-water is 1020 kg/m3.
Calculate

(i) the pressure on the lid of the box due to the sea-water,

PrESSUIE = oiiiiiiiieeeeeeeee e e e e e e e e e e e e e eneereeeees [2]

(ii) the total pressure on the lid,

PrESSUIE = oiiiiiiieeeeeeeeeeeeeeeee e e e s e eeeeeeeeees [1]
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(iii) the downward force that the total pressure produces on the lid.

(b) The force needed to open the lid is not equal to the value calculated in (a)(iii).

Suggest two reasons for this.

[Total: 7]
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Deformations MCQ 3

1 The diagrams show a spring and a graph of the
length of the spring against the load applied to it.

A spring which obeys Hooke’s Law has
an unstretched length of 10cm.

A load of 20N is hung from the spring.

The new length of the spring is 36 cm.

8
length/cm What is the spring constant k of the spring?
s / ! A 0.56N/cm B 0.77N/cm
i 5 C 1.3N/cm D 1.8N/cm
spring 7 4 The diagrams show athletes training
length 7 by stretching springs.
» Each spring has the same stiffness.
4
\ d Which athlete does the most work?
load 3 P
P A B
2
1
0
0 20 40 60 80 100
load/ N

What is the extension of the spring
when a load of 40N is applied to it?

A 15cm B 25cm ¢ 40cm D 6.5cm

2 Different loads are hung on a spring.

The diagram shows the length of the spring
with and without the loads attached

one spring stretched one spring stretched

by 0.60m by 0.80m
c D
li />—\

I

20cm two springs stretched two spt: lngsgcs)tr;etched
by 0.60m yo.
40cm
65cm
What is the extension of the spring when the load is 400N?
A 5cm B 25cm C 40cm D 45cm
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5 The diagrams show a steel spring and a
graph of its length against the load applied to it

o 16 length/cm

A
steel spring 14
length 4o ug
10 d
load %
8
6 o
4
2
0
0 10 20 30 4%0 d/5|\|0
What is the extension of the spring oa
when a load of 20 N is applied to it?
A 3.0cm B 45cm
C 5.0cm D 8.0cm
6 The extension/load graph for a spring is shown.
The unloaded length of the spring is 15.0cm.
extension/cm
3
2
1 i
0 load /N
0 1 2 3 4 5

When an object of unknown weight is hung on the spring,
the length of the spring is 16.4cm.
What is the weight of the object?
A 055N B 0.67N

C 3.5N D 41N



. . . ) L ) 11 A spring is suspended from a stand.
7 An experiment is carried out to measure 9 Objects with different masses are hung on a 10 cm spring. Loads are added and the extensions are measured.

the extension of a rubber band for different loads. The diagram shows how much the spring stretches.

The results are shown below.
A :
load/N 0 1 2 3 .Q spring
length/cm 152 | 16.2 18.6 10cm (= | stond
extension/cm 0 10 | 21 3.4 (= '°ads\ rule
P
Which figure is missing from the table? S I—ll WWWW,Z,,WW
»a 30cm E ' !
A 172 B 17.3 e
C 174 D 176 :: Which graph shows the result of plotting extension against load?
' ’ b A B D
b 5 5 S S
[%] [2] [} [2]
Two blocks of metal X and Y hang from - 3 5 8 3
spring balances as shown in the diagram 3 3 3 3
: y Y 0+ 0 o4 0
m m 0 load 0 load 0 load 0 load
N0 NIO
1 14 The extension of the spring is directly proportional to t
o 5] he mass hung on it.
What is the mass of object M?
4 4 A 110g B 1509
5| 5 C 200g D 300g
10 An experiment is carried out to measure the
extension of a rubber band for different
loads. The results are shown below.
' ’ ' load/N 0 1 2 3
X
Y length/cm 15.2 16.2 18.6
extension/cm 0 1.0 2.1 3.4

What does the diagram show about X and Y? L L
Which figure is missing from the table?

A They have the same mass and the same volume but different weights. A 165 B 173
B They have the same mass and the same weight but different volumes. Cc 174 D 183
C They have the same mass, the same volume and the same weight.
D

They have the same weight and the same volume but different masses.
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12  The table below shows the length
of a wire as the load on it is increased.

load/N 0

10

20

30

length/cm 50.0

52.1

54.1

56.3

Which graph correctly shows the extension of the wire plotted against load?

. A
extension/cm

60

40

20

0

0 10 20 30
load/N

extension/cm
6

4

0 10 20 30
load/N

13 A spring is stretched by hanging

a piece of metal from it.

spring

metal

extension/cm

3
2
1
0
0 10 20 30
load/N
extension/cm
56.3
54.1
52.1
50.0
0 10 20 30
load/N

What is the name given to the force

that stretches the spring?
A friction

B mass
C pressure

D weight

14 A student carries out an experiment to plot
an extension /load graph for a spring.

The diagrams show the apparatus at the start

of the experiment and with a load added.

start

A

with load added

What is the extension caused by the load?
A x B y

C y+x D y-x

15 A student adds loads to an elastic cord.

He measures the length of the cord for each load.

He then plots a graph from the results.

0

A

Which length is plotted on the vertical axis?

A
B
C

0

12 3 4 oad/N

measured length
original length
(measured length — original length)

(measured length + original length)
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16  The reading on a spring balance with a holder
and eight identical discs is 3.0N.

Six discs are removed and the
reading becomes 1.2N.

spring

. balance——|

3

N =

4

4 4
holder
for discs
two
discs

eight — =
discs

I
What is the weight of one disc?

A 02N B O0.3N
C 05N D 06N

17 The graph shown was plotted in an experiment on a metal wire.

The shaded area represents the
total strain energy stored in
stretching the wire.

How should the axes be labelled?

0 -
Y X 0 X

A force extension

B mass extension

C strain energy

D stress strain




18 A number of similar springs, each having the same spring
constant, are joined in three arrangements X, Y and Z. The
same load is applied to each.

X
s vl Z

i | é

-
o=
=
‘=
=
=

What is the order of increasing extension for these
arrangements?

smallest » largest
A X Y
B z X Y
Cc z Y X
D Y X z

19 A number of similar springs, each having the same
spring constant, are joined in four arrangements. The same
load is applied to each. Which arrangement gives the
greatest extension?

20 A spring is compressed by a force. The graph shows the
compressing force F plotted against the length L of the spring.

12

FIN 4o
8
6
4
2
0
40 50 60 70 80 90 100
L/mm
What is the spring constant of this spring?
A02Nm" B5Nm™ C100Nm™ D200Nm™
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Deformations

Fig. 1.1 shows part of the extension-load graph for a spring.

extension/cm

80|-com

load/N

Fig. 1.1
The spring obeys Hooke’s law between points A and B.
(@) (i) On Fig. 1.1, complete the graph between A and B.

(ii) State the name of point B.

(b) The average value of the load between A and B is 6.0N.

Calculate the work done in extending the spring from A to B.

WOrK dONE = ..oovviiviceeeeeeeeeeeeee e

(c) The spring has an unstretched length of 4.0cm.
An object is hung on the spring and the spring length increases from 4.0cm to 6.0cm.

(i) Calculate the mass of the object.

(ii) The object is immersed in a liquid but remains suspended from the spring.

The liquid exerts an upward force on the object and the length of the spring decreases
to 5.0cm.

Calculate the upward force exerted on the object by the liquid.

(1]

UPWArd FOrCE = ..uiviiiiie e [2]
(1] [Total: 9]
(2]
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2

Fig. 2.1 shows a spring before and after it is stretched by a small load.

before

after

Fig. 2.1
(@) OnFig.2.1,

(i) mark the extension caused by the load,

(ii) draw the apparatus needed to determine the extension.

(2]
(b) Fig. 2.2 shows a sketch graph of the length of the spring, plotted against the weight of the
load.
A
length
0 >
0 weight of load
Fig. 2.2
On Fig. 2.2, mark clearly the unstretched length of the spring. [1]
(c) State the unit in which the weight of the load is measured.
............................................................................................................................................... [1]
[Total: 4]

An athlete of mass 64 kg is bouncing up and down on a trampoline.

At one moment, the athlete is stationary on the stretched surface of the trampoline. Fig. 3.1 shows
the athlete at this moment.

Fig. 3.1

(a) State the form of energy stored due to the stretching of the surface of the trampoline.

(b) The stretched surface of the trampoline begins to contract. The athlete is pushed vertically
upwards and she accelerates. At time t, when her upwards velocity is 6.0m/s, she loses
contact with the surface.

(i) Calculate her kinetic energy at time t.

Kinetic energy = ... [2]

(if) Calculate the maximum possible distance she can travel upwards after time t.

Maximum diStanCe = ........ccccceeiriiee e [3]
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(iii) In practice, she travels upwards through a slightly smaller distance than the distance

R 4 (a) (i) On Fig. 4.1, draw a graph of extension against load for a spring which obeys Hooke’s law.
calculated in (ii).

(1]
Suggest why this is so.
extension
....................................................................................................................................... [1]
(¢) The trampoline springs are tested. An extension-load graph is plotted for one spring. Fig. 3.2
is the graph. 0
0 load
extension Fig. 4.1
X (ii) State the word used to describe the energy stored in a spring that has been stretched or
compressed.
....................................................................................................................................... [1]
(b) Fig. 4.2 shows a model train, travelling at speed v, approaching a buffer.
0
0 load model train
Fig. 3.2
(i) State the name of the point X. spring
....................................................................................................................................... [1] Fig. 4.2
(ii) State the name of the law that the spring obeys between the origin of the graph and The train, of mass 2.5kg, is stopped by compressing a spring in the buffer. After the train has
point X. stopped, the energy stored in the spring is 0.48J.
....................................................................................................................................... [1] Calculate the initial speed v of the train.
[Total: 9]
1 TP [4]
[Total: 6]
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5

Fig. 5.1 shows the extension-load graph for a spring.

6
A
. P
extension
0o >
load
Fig. 5.1
Point P is the limit of proportionality.
(a) (i) Name the law obeyed by the spring from the origin to P.
.............................................................................................................................. [1]
(ii) Describe two features of the graph which show that the law is obeyed
PSSO
2 PP PP PP OUPPUPPPN
(2]
(b) On Fig. 5.1, sketch a possible continuation of the graph when the spring is loaded
beyond the limit of proportionality. [1]
[Total: 4]

A student investigated the stretching of a spring by hanging various weights from it and measuring

the corresponding extensions. The results are shown below.

weight /N

1

2

3

4

5

extension / mm

21

40

51

82

103

(a) On Fig. 6.1, plot the points from these results. Do not draw a line through the points yet.

extension/mm

(2]

120

100

80

60

40

20

84

Fig. 6.1

4

weight/N




7 Four students, A, B, C and D, each have a spring. They measure the lengths of their

(b) The student appears to have made an error in recording one of the results. springs when the springs are stretched by different loads.
Which result is this? Their results are shown in Fig. 7.1.
.................................................................................................................................... [1] student A student B student C student D
load/N | springlength/cm | spring length/cm | spring length/cm | spring length/cm
(c) Ignoring the incorrect result, draw the best straight line through the remaining points.
[1] 0.5 6.7 9.2 9.1 10.0
(d) State and explain whether this spring is obeying Hooke’s Law. 1.0 7.7 10.0 9.9 141
1.5 8.7 10.8 10.7 12.2
.......................................................................................................................................... ”o .- e e s
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" 25 10.7 12.6 12.3 14.4
.......................................................................................................................................... 3.0 117 138 131 155
.......................................................................................................................................... 35 12.7 15.2 13.9 16.6
.................................................................................................................................... [2] 4.0 13.7 16.8 14.7 17.7
(e) Describe how the graph might be shaped if the student continued to add several more Fig. 7.1

weights to the spring.
(a) (i) State which student had loaded the spring beyond the limit of proportionality.

............................................................................................................................ [1]
.......................................................................................................................................... (ii) EXp|aIn hOW you Obtalned your answer to (a)(i)
.................................................................................................................................... [1]

(f) The student estimates that if he hangs a 45N load on the spring, the extension willbe e 2]
920 mm.
Explain why this estimate may be unrealistic (b) Forthe spring used by student A, calculate
(i) the extra extension caused by each additional 0.5N,
.................................................................................................................................... [1] extra extension = ... [1]
[Total: 8] (ii) the unloaded length of the spring.

unloaded length = ... [1]
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(c) Student A obtains a second spring that is identical to his first spring. He hangs the two /
springs side by side, as shown in Fig. 7.2. 2 7|
16
/ 12
ruler—__| force/N
identical spring
springs 8.0 I
load
4.0
Fig. 7.2 1 weights
Use the table to calculate the length of each of the springs when a load of 2.5N is hung L
as shown in Fig. 7.2. Show your working. 0
0 2.0 4.0 6.0
extension/mm
Fig. 8.1a Fig. 8.1b

(a) What is the name given to the point marked Q on Fig. 2.1b?

(b) For the part OP of the graph, the spring obeys Hooke’s Law.
[Total: 7] State what this means.

8 In an experiment, forces are applied to a spring as shown in Fig. 8.1a. The results of this
experiment are shown in Fig. 8.1b.

(c) The spring is stretched until the force and extension are shown by the point R on the
graph. Compare how the spring stretches, as shown by the part of the graph OQ, with
that shown by QR.

...................................................................................................................................... [1]
(d) The part OP of the graph shows the spring stretching according to the expression
F=kx.
Use values from the graph to calculate the value of k.
K = [2]

86



Work, Energy and Power
Summary Notes

Energy transfers

Energy can be transferred between different stores including chemical, kinetic, gravitational,
elastic, thermal, magnetic, electrostatic and nuclear as a result of an event or process.

Energy can be transferred in various ways including:
e Mechanically e.g. when gravity accelerates an object and gives it kinetic energy.
e Electrically e.g. when a current passes through a lamp and it emits light and heat.
e By heating e.g. when a fire is used to heat up an object.
e By radiation e.g. when vibrations cause waves to travel through the air as sound, or an
object emits electromagnetic radiation.

Energy is always conserved. The total energy before is equal to the total energy after.

The efficiency is the ratio of the useful energy
output to the total energy supplied, often
s sy Light energy expressed as a percentage.
J

. . __ useful energy output 0
eff iciency = = energy input *100%

Sankey diagrams can be used to represent the

transfer of input energy into useful energy and

wasted energy. For example, the diagram on the
e'n;;’s,’y left shows the Sankey diagram for a lamp.

Conduction:

e Thermal energy in solids and liquids can be transferred by the vibration of particles - this
is known as conduction.

e Non-metals are usually poor conductors known as thermal insulators.

As a substance is heated up, the molecules vibrate more hitting and cause adjacent

molecules to vibrate more too, transferring heat energy from hot parts to cooler parts.
Because insulators transfer heat much more slowly, they are used to reduce unwanted energy
transfer such as in homes.

e Metals are usually good conductors. The electrons can leave the atoms and move freely
among positively charged ions. As the metal is heated, the ions and electrons vibrate
more. The free electrons collide with ions throughout the metal and transfer heat
energy from hot parts to cooler parts.

Convection:

e Thermal energy in fluids (liquids and gases) can be transferred by convection.

e Convection occurs when molecules in a fluid (which are not fixed together by forces
between molecules like in a solid) move from an area of high to low thermal energy.
Preventing the circulation of the fluid can help reduce unwanted energy transfer by
convection.

e When part of a fluid is heated, it expands - the particles move further apart - and becomes
less dense. It therefore rises up to less dense areas in the fluid. Denser, colder fluid falls
down to take its place.

e Examples of convection include in water boilers and hot air balloons.

Energy Transfer
00000000
00000000
00000000
00000000

Radiation

e Thermal energy is also transferred by infrared radiation which does not require a
medium. Infrared radiation is part of the electromagnetic spectrum.

e Black bodies with a dull texture are the best absorbers and emitters of radiation. White
bodies with a shiny texture are the best reflectors of radiation. Shiny surfaces can be
used to reduce unwanted energy transfer such as on the surface of a vacuum flask.

e The higher the temperature and the greater the surface area of a body the more
infrared radiation emitted.

Work and power

Work is done when a force moves something through a distance (whenever energy changes
forms). The work done is equal to the energy transferred.

work done = force x distance W=Fd

The conservation of energy produces a link between gravitational potential energy, kinetic energy
and work. For example, when a ball is dropped, gravity does work on it and its gravitational
potential energy becomes kinetic energy as it accelerates downwards:

® [kinetic energy = %Xmassxspeed2
E = %mv2
e gravitational potential energy = mass xgravitational field strengthxheight

E,=mgh

Power is the rate at which energy is transferred or the rate at which work is done. For
example, a lamp with a greater power will be brighter because it transfers more energy from
electrical energy to light and heat energy in a given time.

— work done =
power time taken P

~=
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Energy resources and electricity generation

Renewable energy is energy which can be replenished as quickly as it is used.
Examples include:

o Wind

o Water (hydroelectricity, waves, tides)

o Geothermal

o Solar (heating systems and cells)
All have a potentially infinite energy supply, but they are usually more costly (e.g. the
manufacture and implementation of solar panels is very expensive) and less reliable
(e.g. the wind is intermittent and solar energy relies on good weather).

Non-renewable energy is used more for large-scale energy supplies due to the large
energy output but will eventually run out. Examples include:
o Fossil fuels (coal, oil, gas)
Cheaper than most renewable sources but harmful for the environment
because they release greenhouse gases which cause global warming.
o Nuclear power
A small amount of radioactive material produces a lot of energy, but
they produce highly toxic nuclear waste which needs to be safely
stored underground for many years.

Energy transfers take place in the generation of electricity. For example:

In burning fossil fuels: chemical energy in chemical bonds

In nuclear reactors: nuclear energy in atomic nuclei

In a solar cell, light energy from the sun

In geothermal energy: heat energy from the Earth’s core

In wind energy: kinetic energy from the moving wind

In HEP: kinetic energy of the moving waves or GPE of water stored high up

.. is transferred into kinetic energy in a turning turbine, then into electrical energy.

Source: physicsandmathstutor.com
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5 Acaris stationary at the top of a hil 7 A car of mass 800kg travels over a hill of h?ﬁ;ht h.
I

with the engine switched off.
The brakes are released and
the car rolls down the hill.

Energy, work and power MCQ

-

Which movement will require the greatest
amount of work to be done?

A aforce of 10N moving an object a distance of 3.0m At which labelled point does the car have

the greatest kinetic energy? Ignore friction.

By travelling to the top of the hill, the car
gains 40 000 J of gravitational potential
energy.

The gravitational field strength g is 10N /kg.

B aforce of 10N moving an object a distance of 5.0m

C aforce of 15N moving an object a distance of 3.0m

D aforce of 15N moving an object a distance of 5.0m A
What is the height h of the hill?
2 When a bicycle lamp is switched on, what is B
the useful energy change within the battery? A 50m B 20m
A chemical energy to electrical energy 5 C 50m D 500m
B electrical energy to chemical energy c 8 A pendulum bob swings along the

path WXYZ and back again.

C  electrical energy to light energy Resistive forces can be ignored

6 Two cars, P and Q, have different masses

D light energy to chemical energy and different speeds as shown.

mass

3 A student does some work by pulling a mass
500kg

suitcase along a corridor. g
She now pulls a second suitcase E‘Q
along the corridor. =

Which row indicates that the student is

pendulum bob

carQ

now doing twice as much work? car P
. Which row correctly compares the momentum w
the force used the distance the d the kinet ¢ B with th t X Y
to pull suitcase suitcase is pulled aar?d th: klirr];?ce:r?;gré;o ; g',) © momentum Which statement describes the total energy of the bob?
A is doubled is doubled — A It has a maximum value at X.
B is doubled is halved momentum kinetic energy
IS double I$ halve B It has a maximum value at Y.
. A P greater than Q P equal to Q
c stays the same is doubled 5 5 0Q 5 o a C It has a maximum value at Z.
. equal to equal to
D stays the same is halved c P 1o Q P than Q D It has the same value at W, X, Y and Z.
4 \éVhat Seedfs to be known to calt;;ulat’;e the work equatto ©ss than
one by a force acting on an object?
y 9 ) D P less than Q P greater than Q 9 Alorry of mass 4000kg is travelling at
the distance he fime for a speed of 4.0m/s.
the size of the force hich the f A car has a mass of 1000kg.
the force moves the | Which't te orce The kinetic energy of the car is equal
object acts to the kinetic energy of the lorry.
A / / / What is the speed of the car?
A 20m/s B 40m/s
B v v X C 80m/s D 16.0m/s
Cc v X v
D v X X

key v =needed  x =not needed
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10 A force acts on an object and causes the object

to move a certain distance, in the same direction
as the force.

Which row represents a situation in which
the largest amount of work is done on
the object by the force?

force/N distance moved/m
A 2.0 40.0
B 10.0 2.0
C 20.0 6.0
D 100.0 1.0

11

A stone of mass m is held at rest in water.
The stone is released and falls vertically
a distance h.

The stone reaches a speed v.

Some of the original energy of the stone
is transferred to the water.

As it falls, resistive forces cause the

temperature of the water and stone
to increase.

Which expression gives the work done
against the resistive forces?

A Imv? B mgh — tmv?

C mgh D mgh + +mv?

12 The diagram shows the energy used
by a modern lamp.

60 W input of
electrical power

s

48 W of power
wasted in heating
surroundings

12W of
useful power
output as light

N —

Which expression gives the efficiency of the lamp?

A 12 x100% B Ex']OO%
60 48

Cc ﬁ><1OO% D Ex']OO%
60 12

13 Three boxes each weigh 100 N.

A man lifts all the boxes together
from the ground on to a shelf that is
1.5m above the ground.

The man takes 2.0 s to do this.

boxes
shelf [

.

How much useful power does the man produce to lift the boxes?

A T75W
C 300W

B 225w
D 900W

90

14 A box of mass m slides down a slope of length [

stop

and vertical height d against a frictional force F.
mass m

As the box slides down, it loses gravitational
potential energy and does the work

against friction.

Which row gives the loss in gravitational
potential energy and the work done

against friction?

loss in gravitational work done
potential energy against friction
A mgd Fl
B mgd Fd
C mgl Fl
D mgl Fd
15 The diagram represents the energy transfers for a device.

useful
input output energy

energy

wasted
output energy

The device is 50% efficient.
Which equation is correct?

A input energy = useful output energy + 2
B useful output energy = wasted output energy + 2
C wasted output energy = useful output energy

D wasted output energy = useful output energy + 2



A
16 A student carries out some simple exercises. 20N
/
In which exercise is the most work done?
A B
movement movement
lifting pushing through |
through 1m 1m against a \ ‘
o frictional force of 4N kg 10N 10N
N N C D
c D 10N 25N 30N 30N
1 lifting pulling through -
through 2m 2m against a >
frictional force of 2N movement movement
19 A steel ball is fired vertically upwards with a velocity v. The ball reaches a height h.
The same ball is now fired vertically upwards from the same position with a velocity 2v.

17 An object falls from a height of 5.0 m.

Air resistance can be ignored.
What is the new height reached by the ball?
A h B 2h C 4h D 8h

Air resistance can be ignored.
20 The diagrams show four different athletes training by doing pull-ups.

As it hits the ground the object has
750J of kinetic energy.

What is its mass?
A 15kg B 50kg
C 75kg D 150kg

18 The diagrams show four bodies moving in the directions shown.
The only forces acting on the bodies are shown in each diagram.
Which body gains the most kinetic energy when moving a distance of 1.

0Om?

Which athlete does the most work?

weight of weight of weight of weight of
athlete = 700N athlete = 700N athlete = 800N athlete = 800N

distance distance distance distance
lifted = 0.55m lifted = 0.50m lifted = 0.55m

Iifteg1= 0.50m



21 A woman in a factory has to lift a box on to a shelf.

Which action involves the woman in doing the least amount of work?

A

B
Cc
D

high shelf

low shelf

lifting the box quickly to the high shelf

lifting the box slowly to the high shelf

lifting the box to the low shelf first then lifting it to the high shelf
lifting the box to the low shelf instead of to the high shelf

22 An aeroplane is landing. As it descends towards the runway,
its speed reduces.

A kinetic + gravitational — thermal (heat)

B
C
D

kinetic — gravitational + thermal (heat)
kinetic + thermal (heat) — gravitational

thermal (heat) — kinetic + gravitational

24 A 40W lamp wastes 34 J of energy every second by heating its surroundings.

escalator

23 A man can either take an escalator or a lift to travel up between two floors in a hotel.

i

lift

The escalator takes 20 seconds to carry the man between the two floors. The useful work done

against gravity is W. The useful power developed is P.

The lift takes 30 seconds to carry the same man between the same two floors.

) How much useful work against gravity is done by the lift, and how much useful power is
What are the energy changes that take place during the descent? developed by the lift?

useful work
done against
gravity by lift

useful power
developed by lift

more than W
more than W

w

O 0 w >

w

less than P
P
less than P

P

What is the efficiency of the lamp?

A 0.15% B

15% C 18%

D 85%
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25 A ballis at rest at the top of a hill. It rolls down the hill.

At the bottom of the hill the ball hits a wall and stops.

Which energy changes occur?

A

B
(]
D

gravitational potential energy — internal energy — kinetic energy
gravitational potential energy — kinetic energy — internal energy
kinetic energy — gravitational potential energy — internal energy

kinetic energy — internal energy — gravitational potential energy



1

Energy, work and power

A footballer kicks a football and it bounces to another player.

Fig. 1.1 shows part of the path taken by the ball.

romeecassntt”

Fig. 1.1

(a) Use words from the box to complete the sentences below. Each word may be used once,
more than once, or not at all.

direction downwards forwards mass shape slower upwards
(i) Each time the football moves ..........cccoceeiieiciiiennenen. , it gains gravitational potential
energy. [1]
(ii) Each time the football hits the ground, it changes .........c.c.ccceveeiienieennenne , and this results
in energy stored as strain energy (elastic potential energy). [1]
(b) Each time the football hits the ground, energy is transferred away from the ball.
(i) State how you can tell this from the diagram.
....................................................................................................................................... [1]
(ii) State what happens to the energy that is transferred away from the ball.
....................................................................................................................................... [1]
[Total: 4]

An electric train is initially at rest at a railway station. The motor causes a constant force of

360000 N to act on the train and the train begins to move.

(a) State the form of energy gained by the train as it begins to move.

(b) The train travels a distance of 4.0km along a straight, horizontal track.

(i) Calculate the work done on the train during this part of the journey.

WOIrK dONE = .o

(ii) The mass of the train is 450 000 kg.

Calculate the maximum possible speed of the train at the end of the first 4.0km of the

journey.

maximum possible SPEEd = .......coocciiiiiii e [3]
(iii) In practice, the speed of the train is much less than the value calculated in (ii).
Suggest one reason why this is the case.
....................................................................................................................................... [1]

(c) After travelling 4.0km, the train reaches its maximum speed. It continues at this constant
speed on the next section of the track where the track follows a curve which is part of a circle.

State the direction of the resultant force on the train as it follows the curved path.

[Total: 8]



3

Fig. 3.1 shows an early water-powered device used to raise a heavy load. The heavy load rests on
piston B.

cylinder A cylinder B
water load \
piston A piston B

ol —F

connecting rod

\ connecting rod

pivot beam

Fig. 3.1 (not to scale)

Initially, a large weight of water in cylinder A pushes piston A down. This causes the left-hand end
of the beam to move down and the right-hand end of the beam to move up. Piston B rises, lifting

the heavy load.
(a) The weight of water in cylinder A is 80kN.

Calculate the mass of water in cylinder A.

(b) The density of water is 1000kg/m3.

Calculate the volume of water in cylinder A.

VOIUME = eviiiiiiceeee et e [2]
(c) Piston A moves down a distance of 4.0m.
Calculate the gravitational potential energy lost by the water.
loss of gravitational potential energy = ........cccooiiiiiiiiiiiie e [2]
(d) The heavy load lifted by piston B gains 96 kJ of gravitational potential energy.
Calculate the efficiency of the device.
efficiency = ..o [2]
[Total: 8]
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Fig. 4.1 shows a cabin used to transport passengers up a hillside.

(c¢) The cabin then descends back from C to B.

NOT TO
SCALE

drive pulley
connected to
electric motot

pulley 50m

Fig. 4.1

The cabin is attached to a cable which moves horizontally from A to B, then up the hill from B to C.
(a) There is an electrical input of energy to the motor which moves the cable.

Place two ticks against types of energy that increase as the cabin moves horizontally at
constant speed from A to B.

kinetic energy of the cabin
gravitational potential energy of the cabin
gravitational potential energy of the cable

internal energy of the surroundings

s

internal energy of the wires of the motor

(b) The cabin and passengers have a total mass of 800kg. The vertical distance between (2]
B and Cis 50m.

Calculate the increase of gravitational potential energy of the cabin and passengers when they
move from B to C.

ENEIGY = ooieieeeicieeeeeeeeetrre e e e e es e e e e e e e e e raaaaaean [2]

Explain the environmental and economic benefits of this arrangement.

‘\ The weight of the cabin pulls the cable, which rotates the motor. The electric motor acts as a
generator when rotated in this way.

[Total: 7]



5 Fig. 5.1 shows a skier taking part in a downhill race.
/ 6 (a) (i) Define power.
//

/

(ii) In the following list, tick the two boxes next to the two quantities needed to calculate the
work done on an object.

mass of the object

force acting on the object

speed of the object

Fig. 5.1

(a) The mass of the skier, including his equipment, is 75kg. In the ski race, the total vertical acceleration of the object

change in height is 880m.

distance moved by the object (1]

Calculate the decrease in the gravitational potential energy (g.p.e.) of the skier. i . . .
(b) A lift (elevator) in a high building transports 12 passengers, each of mass 65kg, through a

vertical height of 150m in a time of 64s.

(i) Calculate the power needed to transport the passengers through this height.

decrease iN 9.P.€. = eeiiciee e [2]

(b) The skier starts from rest. The total distance travelled by the skier during the descent is
2800m. The average resistive force on the skier is 220N.

Calculate

(i) the work done against the resistive force,

WOFK dONE = ..ot [2]
(ii) The lift (elevator) is driven by an electric motor.

(ii) the kinetic energy of the skier as he crosses the finishing line at the end of the race.
State a reason, other than friction, why the power supplied by the motor is greater than

the power needed to transport the passengers.

KINGHC ENEIGY = wvveeeceeeeeeeeeeeeee e [2] e [1]

(c) Suggest why the skier bends his body as shown in Fig. 5.1. [Total: 7]
............................................................................................................................................... 1]
[Total: 7]
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7 A soft rubber ball of mass 0.15 kg is dropped, in a vacuum, from a height of 2.0 m on to a hard 8  Afootballer kicks a ball vertically upwards. Initially, the ball is stationary.

surface. The ball then bounces. (a) His boot is in contact with the ball for 0.050s. The average resultant force on the ball during

(a) State the main energy changes taking place when this time is 180N. The ball leaves his foot at 20m/s.

(i) the ball is falling, Calculate

(i) the impulse of the force acting on the ball,

(ii) the ball hits the surface and is changing shape,

(iii) the ball is regaining its shape and is rising from the surface.

(b) Calculate the speed with which the ball hits the surface. (ii) the mass of the ball,

SPEEA = oot [4]
(iii) the height to which the ball rises. Ignore air resistance.
(c) After rebounding from the surface, the ball rises to a height of 1.9m.

Suggest why the height to which the ball rises is less than the height from which the ball falls.

[Total: 8]

(b) While the boot is in contact with the ball, the ball is no longer spherical.

State the word used to describe the energy stored in the ball.

[Total: 8]
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Energy resources MCQ

1 The list contains three energy resources

P, Qand R.

P geothermal energy from hot rocks

Q nuclear fission in reactors

R sunlight on solar panels

Which of these resources are renewable?

A PandQonly
C QandRonly

B PandRonly
D P,QandR

Electrical energy may be obtained from nuclear fission.

In which order is the energy transferred in this process?

A nuclear fuel — generator — reactor and boiler — turbines

B nuclear fuel - generator — turbines — reactor and boiler

C nuclear fuel — reactor and boiler - generator — turbines

w)

nuclear fuel — reactor and boiler — turbines — generator

3 Which row gives the energy change in a battery
and the energy change in a solar cell?

battery

solar cell

o o0 m >

chemical to electrical
chemical to electrical
electrical to chemical

electrical to chemical

electrical to light
light to electrical
electrical to light

light to electrical

4 The box contains the names of eight different energy resources

natural gas

hydroelectric

geothermal solar waves

oil wind coal

How many of these energy resources are renewable?

A 3

B 4 C 5 D 6

5

9 Some processes are more efficient than others.

Electricity can be generated using different energy resources.

Which energy resource is used to generate electricity without
needing any moving parts?

A

B
(9
D

geothermal
hydroelectric
solar

water waves

6  Which list contains only energy resources

that derive their energy from
A geothermal, nuclear, tidal

e Sun?

hydroelectric, water waves, wind

B
C geothermal, hydroelectric, solar
D

nuclear, solar, water waves

Energy is released in some nuclear reactions.

Which nuclear reaction takes place in a nuclear
power station, and which nuclear reaction takes
place in the Sun?

nuclear power the Sun
A fission fission
B fission fusion
C fusion fission
D fusion fusion

8 Which energy resource does
not derive its energy from the Sun?

A geothermal

B hydroelectric
C ol
D waves

98

Which expression gives the efficiency of a process?

A

total energy output

- x 100%
total energy input

useful energy output o,

total energy input

wasted energy output « 100%

total energy input

wasted energy output

x 100%
useful energy output

10  Which energy resource does
not derive its energy from the Sun?

A

B
C
D

hydroelectric
nuclear fission
waves

wind

11 A solar panel is used to recharge a battery.

The solar panel produces 0.80 W of electrical power.

The panel is 20% efficient.

sunlight

/4

solar panel

1_'__ power to

: battery

]‘ 0.80W

What is the power input of the sunlight onto the solar panel?

A 0.16W

B 4.0W Cc 8.0w D

16W



12

Some energy sources are reliably available at all times, and some are

not. Which row shows three sources all in their correct columns?

available at all times not available at all times

A geothermal nuclear fission, solar
B geothermal, nuclear fission solar

C solar, nuclear fission geothermal

D

solar nuclear fission, geothermal

13 Energy from uranium is transferred to electrical energy
in a nuclear power station.

What is the correct order of the stages of this process?

A Dboiler — generator — reactor — turbine
B generator — boiler — turbine — reactor
C reactor — boiler — turbine — generator
D

reactor — turbine — boiler — generator

14  In which pair of energy sources are both

sources renewable?
A oil and coal
B oil and tidal
C tidal and geothermal

D tidal and nuclear fission

15 Electricity can be obtained from different energy resources.

Which energy resource is used to obtain electricity without
producing heat to boil water?

A coal
B gas
C hydroelectric

D nuclear

16  Which row gives an example of the stated form of energy?

form of energy

example

gravitational
internal

kinetic

D strain

the energy due to the movement of a train along a level track
the energy due to the flow of cathode rays in a cathode-ray tube

the energy due to the position of a swimmer standing on a
high diving board

the energy due to the compression of springs in a car seat

17 Energy is stored in a battery and in a box of matches.

18 Which form of energy is used to
generate electrical energy in a tidal power station?

Which type of energy is stored in each of them? A chemical energy
a battery a box of matches B gravitational energy

] ] C internal energy (thermal energy)
A chemical chemical

) . D nuclear energy
B chemical internal (thermal)
C electrical chemical
D electrical internal (thermal)

19 Which line in the table gives an example of the stated form of energy?

20

form of energy

example

gravitational

B internal
kinetic
D strain

the energy due to the movement of a train
the energy due to the flow of cathode rays in a cathode ray tube

the energy due to the position of a swimmer standing on a
high diving board

the energy due to the compression of springs in a car seat

Which form of energy do we
receive directly from the Sun?

O o W

chemical
light
nuclear

sound
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Energy resources

1 (a) A microphone is a device designed to convert an input of sound energy into an output of 2
electrical energy.

Complete the table below. In each case, give the name of a device that is designed to give the
stated energy output with the stated energy input.

energy input useful energy output device
sound electrical microphone
electrical sound
chemical electrical
electrical thermal
electrical kinetic
[4]
(b) The electrical energy output from the microphone is less than the sound energy input.
(i) State the principle of conservation of energy.
....................................................................................................................................... [1]
(ii) Explain how this principle applies to the microphone.
....................................................................................................................................... [2]
[Total: 7]

Fig. 2.1 shows a battery-operated alarm clock.

Fig. 2.1

Use words from the box to complete the sentences.

chemical electrical kinetic light sound thermal

The battery stores .......ccooocviiiiiiiiiiinienn energy. When the battery is first connected, electrical

energy is transferred to ..........cccveeeneeniicneennen, energy of the clock’s hands. Some of the electrical

energy is transferred to the surroundings as .........cccocoevviieiiiieceennen. energy. When the alarm bell

rings, electrical energy is transferred to .........ccccceeiiieeiiiiininenn. energy. [4]

[Total: 4]
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3

Fig. 3.1 shows a hydroelectric power station.
pipes

reservoir —

_—

dam

T outflow

of water

Fig. 3.1

(a) These are some of the stages explaining how the power station works. They are not in the
correct order.
A The electromagnets turn inside a large coil.
B  Water flows down pipes from the reservoir to the turbine.
C Inside the generator, the spinning shaft turns electromagnets.
D The falling water keeps the turbine spinning.

Use the letters A, B, C and D to complete the flow chart to explain how the power station
works.

Rainwater flows off the hills into the reservoir behind the dam.

o | |«

The turbine transfers energy by a spinning shaft to a generator.

<

«| e |«

Electricity is generated.

(3]

(b) Hydroelectric power is described as a renewable source of energy.

Explain what is meant by the term renewable.

(c) Using a renewable source of energy is one advantage of hydroelectric power compared with
other energy sources.

(i) State two other advantages of hydroelectric power.

L PO P PRSP SPPPPPPPN
2 PP PPPPPTPN
(2]

(ii) State one disadvantage of hydroelectric power.
....................................................................................................................................... [1]
[Total: 7]
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4 Different types of power station use different sources of energy. (b) Fig. 4.1 shows part of a solar power station.

(a) Draw one straight line from each energy source to the type of power station that uses it. pipe carrying
water .
energy source type of power station ( mirror

‘ hydroelectric ‘

‘ fossil fuel ‘
‘ nuclear ‘
‘ hot rocks underground ‘ ‘ geothermal ‘
‘ coal-fired ‘ Fig. 4.1
‘ uranium fuel rods ‘ These are some of the stages explaining how the power station works. They are not in the
wind farm correct order.

[3] A Electricity is generated.
B  The turbine turns the generator.
C Steam drives the turbine.
D Water in the pipe absorbs energy.

Use the letters A, B, C and D to complete the flow chart to explain how the power station
works.

‘ Radiation from the Sun hits the mirror. ‘

!

‘ Radiation is reflected onto the pipe. ‘

=

‘ Hot water turns into steam. ‘

)

(3]

[Total: 6]
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5

(a) The boxes on the left contain the names of some sources of energy. The boxes on the right

contain properties of some sources of energy.

Draw two straight lines from each box on the left to the two boxes on the right which describe
that source of energy.

renewable

solar energy

not renewable

polluting
natural gas
not polluting
(2]
(b) Coal-fired power stations are polluting.
State an advantage of using coal as a source of energy.
............................................................................................................................................... [1]

(c)

A coal-fired power station generates electricity at night when it is not needed.

Some of this energy is stored by pumping water up to a mountain lake. When there is high
demand for electricity, the water is allowed to flow back through turbines to generate electricity.

On one occasion, 2.05 x 108kg of water is pumped up through a vertical height of 500 m.

(i) Calculate the weight of the water.

(ii)

(iii)

103

Calculate the gravitational potential energy gained by the water.

energy gaiNed = .....cooiiiiiiiiiee e [2]

The electrical energy used to pump the water up to the mountain lake is 1.2 x 1012 J.
Only 6.2 x 10"1J of electrical energy is generated when the water is released.

Calculate the efficiency of this energy storage scheme.

efficienCy = ..o [2]

[Total: 8]



6 Fig. 6.1 shows a water turbine that is generating electricity in a small tidal energy scheme. (c) Atlow tide, the sea-water level is lower than the water level in the tidal basin.

barrage (i) State the direction of the flow of water through the turbine at low tide.

sea-water level at high tide ‘ ..................................................................................................................................

(ii) Suggest an essential feature of the turbine and generator for electricity to be
3.0m generated at low tide.

Watel’ |eve| in tldal bas'n ..................................................................................................................................

turbine connected to 2
electricity generator 2]

[Total: 8]

Fig. 6.1

At high tide, 1.0m3 of sea-water of density 1030kg/m? flows through the turbine every
second.

(a) Calculate the loss of gravitational potential energy when 1.0m3 of sea-water falls
through a vertical distance of 3.0m.

loss of gravitational potential energy = .......ccccocooiiiiiiiiie [3]

(b) Assume that your answer to (a) is the energy lost per second by the sea-water passing
through the turbine at high tide. The generator delivers a current of 26 A at 400V.

Calculate the efficiency of the scheme.

efficiency = ... % [3]
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7 Fig. 7.1 shows a small wind-turbine used to generate electricity. ) ) ) ) )
(b) The volume of air passing through the turbine each second is 5.6m3 (flow rate is 5.6 m3/s).

Calculate the density of the air.

density of air = ..o, [2]
(c) The turbine turns a generator.

Describe the essential action within the generator that produces electricity.

[Total: 8]
Fig. 7.1

The wind-turbine drives an electric generator.

The wind blows with a velocity of 7.0m/s at right angles to the plane of the turbine. The mass of
air passing per second through the turbine is 6.7 kg.

(a) (i) Calculate the kinetic energy of the air blown through the turbine per second.

Kinetic energy = ....c.oooooeeiiieee e [2]
(i) Only 8% of this energy is converted to electrical energy.

Calculate the power output of the electric generator.

POWET OUIPUL = ..eveeieeiiiiieee e [2]



8

(@) Name the process by which energy is released in the core of the Sun.

.................................................................................................................................... [1]
(b) Describe how energy from the Sun becomes stored energy in water behind a dam.
.................................................................................................................................... [3]
(c) Data for two small power stations is given in Table 8.1.
input to power station | output of power station
gas-fired 100 MW 25MW
hydroelectric 90MW 30 MW
Table 8.1
(i) State what is meant by the efficiency of a power station.
............................................................................................................................ [1]

(ii) Use the data in Table 8.1 to explain that the hydroelectric station is more efficient
than the gas-fired power station.

[Total: 6]
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Thermal Physics

Summary Notes

han f

Heating a system increases its internal energy and causes either an increase in temperature
or a change of state.

o When the temperature of a body rises, the energy goes towards making the
molecules vibrate more and increases their kinetic energy.

o When a body changes state, energy goes towards making the molecules freer from
each other rather than increasing their kinetic energy - the temperature stays
constant.

o Melting occurs when molecules in a solid vibrate enough to move away from
their fixed positions, turning into a liquid.

o Boiling occurs when molecules in a liquid gain enough energy to break their
bonds and become separate molecules, turning into a gas.

Graph showing the temperature of ice with time when

energy is put in at a constant rate: 5
e From A to B the ice is rising in temperature 3

From B to C it is melting into water -

From C to D the water is rising in temperature 3

From D to E the water is boiling into steam

From E to F the steam is rising in temperature —

Time (minutes!

There is no change in temperature while the substance is changing state (the line is
horizontal) because energy supplied is used to separate the particles (breaking the forces
between the molecules).

Evaporation is the escape of molecules with higher energy from the surfaces of liquids.
After they escape, the remaining molecules have a lower average kinetic energy which
means the temperature is lower (i.e. evaporation cools the liquid). This is useful for cooling
things down such as sweating from the body.
e To increase the rate of evaporation, increase temperature, increase surface area, or
provide a draught.

Evaporation is different to boiling because it can happen at any temperature and only
occurs at the surface of the liquid (boiling occurs throughout a liquid and only at the boiling
point).

e Solids
o Molecules close together in regular pattern
o Strong intermolecular forces of attraction
o Molecules vibrate but can’t move about

e Liquids
o Molecules close together in random arrangement
o Weaker intermolecular forces of attraction than solids
o Molecules move around each other

e Gases
o Molecules far apart in random arrangement O '0000
o Negligible/very weak intermolecular forces 000 09
o Molecules move quickly in all directions ‘0 Oooo
00909

The specific heat capacity is the amount of energy required to raise the temperature of 1kg
of a substance by 1°C and is measured in Joules per kilogram degree Celsius (J/kg°C).

change in thermal energy = mass xspecific heat capacity xtemperature change
AQ = mcAT

Ideal gas molecules

Gas molecules move rapidly and randomly due to collisions with other gas molecules.

Gases exert pressure on a container due to collisions between gas molecules and the wall.
When the molecules rebound off the walls, they change direction so their velocity and therefore
momentum changes. This means they exert a force because force is equal to the change in
momentum over time.

e At a constant volume, if the temperature increases, the pressure increases because the
molecules move faster so they collide harder and more frequently with the walls.
o The temperature at which the pressure is zero is called absolute zero (-273°C).
The Kelvin scale of temperature defines absolute zero to be 0K with an increment
of one Kelvin equal to an increment of one degree Celsius. This means that:
= temperature in kelvin = temperature in degrees celsius + 273
o Fora gas at fixed mass and volume, where the temperature is measured in Kelvin:
F=% or &= constant
e At a constant temperature, if the volume increases, the pressure decreases because the
molecules collide less frequently with the walls and over a greater area.
o Fora gas at fixed mass and temperature:
p\V,=p,V, or pV = constant
This is known as Boyle’s Law
The temperature in Kelvin of a gas is proportional to the average kinetic energy of the
molecules. The higher the temperature, the greater the average kinetic energy and so the faster
the average speed of the molecules.

Source: physicsandmathstutor.com
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Kinetic model of matter MCQ

1 The volume of a gas in a sealed syringe is increased.
The temperature of the gas does not change.

After this change is made, what has happened

before change

after change

to the gas molecules in the syringe?

o o0 w >

They move more quickly.
They move more slowly.
They hit the syringe walls less often.

They hit the syringe walls more often.

2 A cylinder of constant volume contains
a fixed mass of gas. The gas is cooled.

What happens to the pressure of the gas
and what happens to the kinetic energy

of the gas molecules?

pressure of gas

kinetic energy
of molecules

o o0 w >»

decreases
decreases
increases

increases

decreases
increases
decreases

increases

3 The diagrams represent the molecules in two different states of

matter. The arrows show the motion of the molecules.

molecule

e,

state 1 state 2

What is state 1, and what is state 2?

state 1 state 2
A gas liquid
B gas solid
C liquid gas
D liquid solid

4 A car tyre has a constant volume.

Why does the pressure of the air in the
tyre increase when its temperature increases?

A
B
]

D

The air molecules hit each other less often.
The air molecules hit the inside of the tyre less often.
The average speed of the air molecules in the tyre is greater.

There are more air molecules in the tyre.

5 A gas at a constant temperature is in a container of fixed volume.
The gas exerts a pressure on the walls of the container.

The

Which statement about the gas molecules when they strike the walls is correct?

A

B
Cc
D

pressure is caused by the gas molecules striking the walls.

The average kinetic energy of the gas molecules changes.
The average momentum of the gas molecules changes.
The average speed of the gas molecules changes.

The chemical energy of the gas molecules changes.
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6 Which diagram best represents the movement
of a smoke particle displaying Brownian motion?

A

smoke
particle

smoke
particle

B

smoke
particle

smoke
particle

7 Smoke particles, illuminated by a bright light, are seen through

a microscope. They move about randomly.

What causes this motion?

A

B
Cc
D

attraction between the smoke particles and the molecules of the air

collisions between the smoke particles and the molecules of the air

evaporation of the faster-moving smoke particles

warming of the smoke particles by the lamp

8 A gas molecule strikes the wall of a container.
The molecule rebounds with the same speed.

gas molecule

before hitting the wall

| wall

gas molecule

‘/wall

after hitting the wall

What happens to the kinetic energy and

what happens to the momentum of the molecule?

(= 2 o T v+ R

kinetic energy momentum
changes changes
changes stays the same

stays the same

stays the same

changes

stays the same




9 A sealed bottle of constant volume contains air.
The air in the bottle is heated by the Sun.
What is the effect on the average speed of

the air molecules in the bottle, and the average
distance between them?

average distance
average speed )
h between air
of air molecules
molecules
A decreases decreases
B decreases stays the same
(o8 increases increases
D increases stays the same

10 Brownian motion is observed when using
a microscope to look at smoke particles in air.

What causes the smoke particles to move at random?

A Smoke particles are hit by air molecules.

Smoke particles are moved by convection currents in the air.

B
C Smoke particles have different weights and fall at different speeds.
D

Smoke particles hit the walls of the container.

11 The diagram shows a sealed jar containing a gas.

gas

Which statement about the gas in the jar is correct?

The gas molecules collide with the inside of the jar
more often as the temperature increases.

B The gas molecules move more slowly as the
temperature increases.

C The pressure of the gas decreases as the
temperature increases.

D The pressure of the gas is higher at the top of the

jar than at the bottom of the jar.

12 A closed flask of gas is placed in a cold-water bath.
thermometer

[
L cold water
gas

As the flask cools, the temperature of the gas decreases.

What happens to the molecules of the gas?

A They contract.

B They expand.

C They move more quickly.

D They move more slowly.

13 Very small pollen grains are suspended
in water. A bright light shines from the side.
Whwn looked at through a microscope,

small specks of light are seen to be
moving in a random, jerky manner.

Ao

microscope
/
4_' bright light
pollen grains
in water
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What are the moving specks of light?

A pollen grains being hit by other pollen grains

B pollen grains being hit by water molecules

C water molecules being hit by other water molecules

D water molecules being hit by pollen grains

14 At-39°C, liquid mercury solidifies
without a change of temperature.
Which row shows whether the
mercury absorbs or releases energy
and what happens to the bonds
between the mercury atoms?

energy bonds between
atoms

A absorbed stronger

B absorbed weaker

C released stronger

D released weaker

15 Brownian motion is observed when looking
at smoke particles in air using a microscope.

What causes the smoke particles to move at random?
A Smoke particles are hit by air molecules.
Smoke particles are moved by convection currents in the air.

Smoke particles have different weights and fall at different speeds.

O O W

Smoke particles hit the walls of the container.

16 The molecules of a substance become more
closely packed and move more quickly.

What is happening to the substance?
A A gasis being heated and compressed.

A gas is being heated and is expanding.

(g)

A liquid is boiling.

D Aliquid is evaporating at room temperature.



17 The diagram represents the molecules
of a gas in a closed container of constant volume.

18

- /N

What happens to the molecules when the
gas is heated?

A

B
C
D

They expand.
They hit the walls less often.
They move further apart.

They move more quickly.

A liquid is left in an open dish.
After several days there is less liquid in the dish.
Which statement explains this?

A

B
Cc
D

The least energetic molecules leave the surface
and escape into the air.

The least energetic molecules leave the surface
and return.

The most energetic molecules leave the surface
and escape into the air.

The most energetic molecules leave the surface
and return.

19 Which line in the table describes the properties of solids
and of liquids at a fixed temperature?

solids

liquids

O O W >

definite volume and definite shape
no definite volume but definite shape
definite volume and definite shape

no definite volume but definite shape

no definite volume but definite shape
definite volume and definite shape
definite volume but no definite shape

no definite volume and no definite shape

20 Air is pumped slowly into a car tyre to increase the pressure.
The temperature of the air does not change.

Which line in the table is correct?

number of molecules
hitting 1 cm? of the
tyre each second

average speed at which
molecules hit the tyre

O 0 W >

increases
increases
unchanged

unchanged

increases
unchanged

increases

unchanged
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Kinetic model of matter

1 (a) When materials are heated, they usually expand. (c) Fig. 1.1 shows some balloons that have been filled with gas and tied to a heavy box.
Describe one example where

(i) the expansion is useful,

....................................................................................................................................... [2]
(ii) the expansion causes problems that need to be allowed for.
heavy box
....................................................................................................................................... 2] Fig. 1.1
(b) State two things that happen to the molecules of a solid when it is cooled. (i) Inthe sunlight, the gas in the balloons gets warmer.
] State what is seen to happen to the balloons.
s [1]
2] - , ,
(i) In terms of molecules, explain your answer to (c)(i).
....................................................................................................................................... [3]

[Total: 10]
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2

Fig. 2.1 shows a Galilean thermometer. This thermometer is used to measure the approximate
temperature of the surrounding air.

bulb E, label: 28 °C
glass cylinder— | bulb D, label: 26°C
bulb C, label: 24°C
bulb B, label: 22°C
water—— [
bulb A, label: 20°C
Fig. 2.1

The glass cylinder contains water. When the temperature of the water changes, so does its density

Each bulb has a label printed with a temperature, as shown in Fig. 2.1. The bulbs have different
densities. At 21 °C, only bulb A is at the bottom of the cylinder.

(a) Explain, in terms of density, why bulb A is at the bottom of the cylinder and the other bulbs are
floating.

(b) The temperature of the surrounding air increases to a temperature above 23°C.

(i) Suggest one reason why there is a delay before the temperature of the water increases
to 23°C.

3

(c) Bulbs A, B and C are now at the bottom of the cylinder. Bulbs D and E are floating.

State the possible temperature range of the water in the cylinder.

[Total: 7]

(a) In the space below, draw a simple labelled diagram of the apparatus used to demonstrate

(b)

112

Brownian motion.

(2]
State what is observed.
............................................................................................................................................... [2]
Explain what is observed in terms of molecules.
............................................................................................................................................... [2]
[Total: 6]



4

(a) Explain, in terms of molecules, why it is possible to compress a gas, but not a liquid. 5 (a) Describe the movement of the molecules in
........................................................................................................................................... (i) asolid,
.................................................................................................................................................................................................................................................................................. [1]
........................................................................................................................................... [2] (ii) agas.

(b) Two containers made of insulating material contain the same volume of water atroom e [2]
temperature. The containers do not have lids. The volume of liquid in each container gradually
decreases. (b) A closed box contains gas molecules.

(i) After a certain time, the temperature of the water has decreased to below room Explain, in terms of momentum, how the molecules exert a pressure on the walls of the box.
temperature.
Explain, in torms of molecules, why the temperature has decreased. T
................................................................................................................................ 2]
............................................................................................................................................... [4]

Total: 7
(i) One of the containers is wide and shallow. The other container is narrow and deep. [ ]

Predict which container has the greater rate of cooling. Explain your answer.

[Total: 6]
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6 (a) Fig. 6.1 represents an atom. 7 (a) A microscope that produces a very high magnification is used to observe the Brownian motion

of smoke particles in air.

O Fig. 7.1(a) shows the apparatus used with the microscope. Fig. 7.1(b) represents the view
through the microscope and shows one of the smoke particles being observed.
Fig. 6.1 A smoke
particle

Representing atoms by circles approximately the same size as in Fig. 6.1, sketch microscope

(i) on Fig. 6.2, the arrangement of atoms in a crystalline solid, [1]

(ii) on Fig. 6.3, the arrangement of atoms in a gas. [1]
] _air molecules
light _L 1 and
smoke patrticles
Fig. 7.1(a) Fig. 7.1(b)
(i) On Fig. 7.1(b), draw a possible path for the smoke particle. [2]
(ii) Describe how air molecules cause the smoke particle to follow the observed path.
solid gas
Fig. 6.2 Fig. 6.3
(b) (i) Describethe motionofthe atomsinasolid. e 2]
....................................................................................................................................... [11  (b) Fig. 7.2 shows a volume of gas in a cylinder.
]

(ii) A sculptor makes a statue from a block of crystalline rock using a cutting tool. Explain piston

why he must apply a large force to the tool to remove a small piece of rock. gas | 1 air at

[T ] atmospheric
........................................................................................................................................... pressure
....................................................................................................................................... [2] 1

Fig. 7.2

The piston in the cylinder is free to move. The piston moves to the left when the temperature
of the gas is decreased.

(c) A helium-filled balloon in the room of a house suddenly bursts.

State and explain, in terms of atoms, what happens to the helium from the balloon after the
balloon has burst. Explain, in terms of the molecules of the gas, why this happens.

[Total: 7]

[Total: 8]



The whole of a sealed, empty, dusty room is kept at a constant temperature of 15 °C. Light (b) After a period of one hour the specks are still observed, showing that the dust particles

shines into the room through a small outside window. have not fallen to the floor.
An observer points a TV camera with a magnifying lens into the room through a second Explain why the dust particles have not fallen to the floor. You may draw a labelled
small window, set in an inside wall at right angles to the outside wall. diagram to help your explanation.

Dust particles in the room show up on the TV monitor screen as tiny specks of light.

(a) In the space below draw a diagram to show the motion of one of the specks of light over
a short period of time.

(1]
(c¢) On another day, the temperature of the room is only 5°C. All other conditions are the

same and the specks of light are again observed.

Suggest any differences that you would expect in the movement of the specks when the
temperature is 5°C, compared to before.

[Total: 4]
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Specific heat capacity, changing states MCQ

1 The diagram shows a beaker of water.
Four molecules are labelled. The relative amount
of energy of each molecule is shown.

Which molecule is most likely to escape from the liquid?

molecule A
(high energy) —1—°® &——

molecule C —__|
(high energy)

—— molecule B
(low energy)

molecule D
(low energy)

b_(/

2 Equal masses of two different liquids
are put into identical beakers.

Liquid 1 is heated for 100 s and liquid 2
is heated for 200's by heaters of the same power.

The temperature of both liquids increases

by the same amount.

liquid 1

heating time = 100s

different liquids
| of same mass ~

V1 T |

— heaters of N

{ [T TR | pEEEN,

same power  heating time = 200s

Which statement is correct?

A

B
C
D

Both liquids receive the same amount of energy.
Liquid 1 receives more energy than liquid 2.
Both liquids have equal thermal capacity.

The thermal capacity of liquid 1 is less than the
thermal capacity of liquid 2.

metal dISh\

liquid 2

3 Some liquid is poured into a metal dish on a wooden table.
The dish, the liquid, the table and the
air around the dish are all at the same temperature.

liquid

wooden table

The temperature of the liquid now starts to decrease.

What could cause this temperature decrease?
A convection currents in the liquid

B conduction of heat through the metal dish
C evaporation of the liquid

D heat radiation from the liquid

4 The diagram shows four labelled changes
of state between solid, liquid and gas.

P Q
O /)
solid liquid gas

\E/\E/

Which changes need an energy input?

A PandQ
C Rand$S

B QandR
D SandP

5 A swimmer feels cold after leaving warm water on a

warm, windy day.
Why does she feel cold even though the air is warm?
A The less energetic water molecules on her skin
escape quickly.

B The more energetic water molecules on her skin
do not escape quickly.

C The water on her skin does not evaporate quickly
enough to keep her warm.

D The water on her skin evaporates quickly and cools
her skin.
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6 A circular metal disc is heated.
Which quantity decreases?
A its density
B its diameter

C its thickness

D

its volume

7 The same quantity of thermal (heat) energy is
given to two objects X and Y.

The temperature rise of object X is less than
the temperature rise of object Y.

What accounts for this difference?

A X has a larger thermal capacity than Y.
B Xis a better thermal conductor than Y.
C Y has a larger thermal capacity than X.

D Y is a better thermal conductor than X.

8 A block of copper and a block of lead are heated.

The internal energy of each block increases by
the same amount.

The block of copper has a lower thermal
capacity than the block of lead.
Which conclusion can be made from this information?

A The temperature increase of the copper is
greater than the temperature increase of the lead.

B The temperature increase of the copper is
the same as the temperature increase of the lead
The temperature increase of the copper is
less than the temperature increase of the lead

D The melting point of copper is lower
than the melting point of lead.



9 When a liquid evaporates, some of its molecules

escape from the surface and the temperature of
the liquid changes.

Which row describes the escaping molecules
and the change in temperature of the liquid ?

escaping molecules tempergtu_re of
the liquid
A less energetic goes down
B less energetic goes up
Cc more energetic goes down
D more energetic goes up

10 A piece of melting ice at 0°C and a beaker of boiling
water are both in a laboratory. The laboratory is at 20°C.

melting ice

3

¢

6 ((6( /boiling water

o _o ©
o, ° o
° 400

Bunsen burner
heating water

oo

oo

o

o

What is happening to the temperature of the
melting ice and what is hapenning to the
temperature of the boiling water?

11 A substance is cooled. The graph below shows how its temperature changes
over time.

What is happening in the portion of the graph labelled XY?

4
temperature |
A The gas is cooling. X Y ‘
B The liquid if freezing.
C The gas is condensing. \
D The liquid is cooling. 0
0 time

12 A copper container of mass 0.20kg contains 0.10 kg of water.

The specific heat capacity of copper is 385J/(kg°C) and
the specific heat capacity of water is 4200J/(kg°C).

How much energy, in joules, is needed to raise the temperature
of the copper container and the water by 10°C?

A (0.20 x 385 x 10) — (0.10 x 4200 x 10)
B (0.20 x 385 x 10) + (0.10 x 4200 x 10)

temperature of temperature of
melting ice boiling water
A constant constant
B constant increasing
C increasing constant
D increasing increasing

C (0.10 +0.20) x [M) x 10

D (0.10 + 0.20) x (4200 + 385) x 10

13 A puddle of water is formed after a rain shower on a windy day.

Which statement explains the effect of the wind on the
rate of evaporation of the water in the puddle?

A The wind gives molecules in the water extra kinetic energy
and so increases the rate of evaporation.

B The wind removes evaporated water from near the surface
and so decreases the rate of evaporation.

C The wind removes evaporated water from near the surface
and so increases the rate of evaporation.

D The wind takes energy from molecules near the surface

and so decreases the rate of evaporation.
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14 Which statement about evaporation is correct?

A Evaporation causes the temperature of the remaining liquid to decrease.
B Evaporation does not occur from a cold liquid near its freezing point.

C Evaporation does not occur from a dense liquid, such as mercury.
D

Evaporation occurs from all parts of a liquid.

15 A beaker contains 0.500kg of water at a temperature of 3.0°C.
The beaker is heated, and the internal energy of the water increases by

21.0 kJ. The specific heat capacity of water is 4200J/ (kg °C).

What is the temperature of the water after it has been heated?

A 55°C B 10.0°C C

16 A substance loses thermal energy (heat) to the surroundings at a steady rate.
The graph shows how the temperature of the substance changes with time.

13.0°C D 315°C

temperature

0

0 time

What could the portion PQ of the graph represent?

18

A liquid is at a temperature below its boiling point. 21

The liquid is then heated so that it becomes a gas at
a temperature above its boiling point.

Which row correctly compares the liquid with the gas?

In an experiment to measure specific heat capacity,
a block of aluminium is heated and its rise in
temperature is measured.

The amount of energy gained by the block is E.
The mass of the block is m. The rise in

- temperature of the block is AT.
average distance average speed
between the particles of the particles Which expression gives the specific
heat capacity of aluminium?
A greater in the liquid greater in the liquid pactty

. _— . Lo m mAT
B greater in the liquid smaller in the liquid —_— B ——

EAT E
C smaller in the liquid greater in the liquid E 5 EAT

D smaller in the liquid smaller in the liquid mAT m

22 Equal masses of two different liquids are put
into identical beakers.
19 A beaker of liquid is left on a laboratory bench. Liquid 1 is heated for 100s and liquid 2 is heated

There is an electric fan in the laboratory causing a

C fe for 30's by heaters of the same power.
draught over the liquid.

Each liquid has the same rise in temperature
The liquid evaporates.

Which row shows two chan%es that will both
cause the liquid to evaporate more quickly?

change to
change to
surface area speed of fan 3 r 3 r
of the liquid P
A decrease decrease different liquids
. P of same mass ~J7
B decrease increase liquid 1 —1 ~ liquid 2
C increase decrease 'D:D:l' 'D:D:l'
D increase increase

A gas condensing
B gas cooling

C liquid cooling

D liquid solidifying

17 Which statement describes what happens as ice at 0°C
starts to melt to become water?

A Energy is absorbed and the temperature remains constant.

B Energy is absorbed and the temperature rises.
C Energy is released and the temperature remains constant.
D

Energy is released and the temperature rises.

20 A pan, containing 0.750kg of water which is initially at 13°C

is heated by an electric hob. 35kJ of thermal energy is put into
the water and its temperature rises.

A
You can assume that all the energy supplied by the hob goes
into raising the temperature of the water. B
The specific heat capacity of water is 4200J /kg °C. %
D

To the nearest °C, what is the final temperature of the water?

A 24°C B 13°C C 19°C D 11°C
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heating time = 100 s

heating time = 30 s

C Which statement is correct?

Each beaker of liquid has the same thermal capacity.
Each beaker of liquid receives the same energy.

The thermal capacity of liquid 2 is less than the thermal
capacity of liquid 1.
The thermal capacity of liquid 1 is less than the thermal
capacity of liquid 2.



23 Which of the following statements defines the specific heat
capacity of a substance?

A The energy required to raise the temperature of 1kg of

a substance by 1°C.

B The energy per °C required to raise the temperature of

a substance.

C The increase in length of 1kg of a substance when its

temperature is increased by 1°C.

D The energy required to change 1kg of a substance

from a liquid to a gas.

24 Liquid evaporates from a beaker.

What happens to the temperature of the remaining lig-
uid and how does this temperature change

27 A block of copper has a mass of 2.0kg.

30 A metal block is heated until it is completely melted.

It is then allowed to solidify.

The block of copper absorbs 12000J thermal energy. What happens to the mass of the metal during
the changes of state?
The specific heat capacity of copper is 385J/ (kg °C). - -
mass during mass during
What is the temperature rise of the copper? melting solidification
A 156°C B 31.2°C A decreases increases
C 46.8°C D 624°C B increases decreases
. C increases stays constant
28 A heater supplies 80J of energy to a block of metal.
The temperature of the block rises by 20°C. D stays constant stays constant

What happens to the block of metal when its
temperature falls by 10°C?
A lts internal energy decreases by 40J.

affect the rate of evaporation? .
P B Its internal energy decreases by 160 J.
temperature rate of C ltsinternal energy increases by 40J.
evaporation
D Its internal energy increases by 160J.
A decreases decreases
B decreases increases
) 29 An engineer wants to fix a steel washer
C increases decreases on to a steel rod. The rod is just too big
. ) to fit into the hole of the washer.
b increases increases
w asstﬁg: steel rod

25 Which quantity does not change when there
is an increase in temperature?
A the density of a steel block

B the diameter of the hole in a metal nut
C thelength of an iron rod

D the mass of a metal coin

26 A thermocouple is used to measure temperature.
Which is an advantage of using a thermocouple
instead of a liquid-in-glass thermometer?

A It can measure temperature in the range —10°C to 110°C.
B It can measure temperature that changes rapidly.

C lthas alinear scale.
D

It is more sensitive.

Q .

How can the engineer fit the washer on to the rod?

A Cool the washer and put it over the rod.

Cool the washer and rod to the same temperature and
push them together.

B
C Heat the rod and then place it in the hole.
D

Heat the washer and then place it over the rod.
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Specific heat capacity, changing states

(@) The source of solar energy is the Sun.

Tick the box next to those resources for which the Sun is also the source of energy.

coal

geothermal

hydroelectric

nuclear

wind

(b) Fig. 1.1 shows a solar water-heating panel on the roof of a house .

| _copper tubes,
$l—painted black

~_L-roof

Fig. 1.1

Cold water flows into the copper tubes, which are heated by solar radiation. Hot water flows
out of the tubes and is stored in a tank.

(i) Explain why the tubes are made of copper and are painted black.

(2]

(i)
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In 5.0s, 0.019kg of water flows through the tubes. The temperature of the water increases
from 20°C to 72°C. The specific heat capacity of water is 4200J/(kg °C).

Calculate the thermal energy gained by the water in 5.0s.

thermal energy =

(iii) The efficiency of the solar panel is 70%.

Calculate the power of the solar radiation incident on the panel.

[Total: 9]



2

(@) (i) State two ways in which evaporation is different from boiling. 3

(a) The arrows on Fig. 3.1 represent four changes of state.

SRS
o solid liquid gas
(2]
(ii) Give one example of a change of state which does not involve boiling or evaporation. Fig. 3.1

(b) The graph in Fig. 2.1 shows the variation of temperature with time for a substance that is
initially liquid.

temperature

time
Fig. 2.1

(i) State what is taking place at points A, B and C. You should say what changes of state, if
any, are taking place.

1] 1010 TSSO PSR PRRR PR
L0} 1T = RS
01011 ) OO USRS RPR
(3]

(ii) Suggest why the graph is steeper at point C than at point A.
....................................................................................................................................... [1]

[Total: 7]
1

On each arrow, write the name for the change of state.
(b) The statements below are about particles in a gas.

Tick three boxes to show which statements are correct.

The particles move randomly.
The particles are in a regular repeating pattern.

The particles are much further apart than they are in a solid.
The particles vibrate about fixed positions.

The particles expand when they are heated.

The particles move faster when they are heated.

(3]

(3]

(c) A student spills a small amount of nail varnish remover on one of her hands. Nail varnish
remover is a liquid with a low boiling point.

Explain why this hand feels colder than her other hand.

[Total: 9]



4

During both boiling and evaporation, liquid water is converted into water vapour.

The rate at which the mass of boiling water decreases depends only on the rate at which the
water is gaining thermal energy.

(a) The specific latent heat of vaporisation of water is 2.3 x 108J/kg. Thermal energy is supplied
to boiling water in a kettle at a rate of 460W.

Calculate the mass of water that is boiled away in 180s.

(b) The rate at which the mass of evaporating water decreases depends on other factors.

(i) State two of these factors.

e ettt ettt b st b ke s et Ao b s AR AR e At Re Rt et b bt te bttt esene e e enene

2 ettt ARt h R At e A bR Attt h R A bbb Rt bbb n et et ae s

2]

(ii) State two other ways in which evaporation is different from boiling.

e ettt ettt s et A bR a A h R R AR e ARt bR e Rt e s R et ettt Rttt esene et enene

2. ettt ettt eae ettt eae et et eae et eseseae s s eseaea et eseseAeA s At et e ae e s s e aean e seae e s seneneaes

2]

[Total: 6]

5 (a) State whatis meant by the specific heat capacity of a substance.

(b) A student carries out an experiment to find the specific heat capacity of aluminium. He uses
an electric heater and a thermometer, inserted into separate holes in an aluminium block.

The following data are obtained.
mass of aluminium block = 2.0kg
power of heating element = 420W
time of heating = 95s
initial temperature of block = 19.5°C
final temperature of block = 40.5°C

Calculate the value of the specific heat capacity of aluminium given by this experiment.

specific heat capacity = .......cccoccveiiiiniiie e [4]

(¢) In the experiment in (b), no attempt is made to prevent loss of thermal energy from the
surfaces of the block.

Suggest two actions the student could take to reduce the loss of thermal energy from the
surfaces of the block.

[Total: 8]
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(@

(b)

(c)

Suggest

(i) an example of a change of state resulting from the removal of thermal energy from
a quantity of material,

.............................................................................................................................. [1]
(ii) the effect of this change of state on the temperature of the material.

............................................................................................................................. [1]
Define the thermal capacity of a body.
..................................................................................................................................... [2]

A polystyrene cup holds 250g of water at 20°C. In order to cool the water to make a
cold drink, small pieces of ice at 0°C are added until the water reaches 0°C and no
unmelted ice is present.

[specific heat capacity of water=4.2J/(g°C), specific latent heat of fusion of
ice =330J/4]

Assume no thermal energy is lost or gained by the cup.

(i) Calculate the thermal energy lost by the water in cooling to 0°C.

thermal energy lost = ... [2]
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(ii) State the thermal energy gained by the ice in melting.

thermal energy gained =

(iii) Calculate the mass of ice added.

mass of ice =

[Total: 9]



7

(a) State the energy changes that take place when

(i) acyclist rides down a hill without pedalling,

[3]
(b) A car of mass 940kg is travelling at 16 m/s.
(i) Calculate the kinetic energy of the car.
Kinetic energy = ... [2]

(ii) The car is brought to rest by applying the brakes.

The total mass of the brakes is 4.5kg. The average specific heat capacity of the
brake material is 520J/(kg °C).

Calculate the rise in temperature of the brakes. Assume there is no loss of thermal
energy from the brakes.

rise in temperature = ... [3]
[Total: 8]

Fig. 3.1 shows a long, plastic tube, sealed at both ends. The tube contains 0.15kg of small metal
spheres.

small metal spheres

Fig. 3.1

A physics teacher turns the tube upside down very quickly and the small metal spheres then fall
through 1.8 m and hit the bottom of the tube.

(a) Calculate

(i) the decrease in gravitational potential energy as the spheres fall 1.8 m,

decrease in gravitational potential @nergy = .........ccccceiiriininiinceiieceeee e [2]

(ii) the speed of the spheres as they hit the bottom of the tube.
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(b) The gravitational potential energy of the spheres is eventually transformed to thermal energy
in the metal spheres. The physics teacher explains that this procedure can be used to
determine the specific heat capacity of the metal.

(i) State one other measurement that must be made in order for the specific heat capacity
of the metal to be determined.

(i) Suggest a source of inaccuracy in determining the specific heat capacity using this
experiment.

(iii) The teacher turns the tube upside down and lets the spheres fall to the bottom 100 times
within a short period of time.

Explain why turning the tube upside down 100 times, instead of just once, produces a
more accurate value of the specific heat capacity.

[Total: 9]
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Conduction, convection, radiation and

4 Two methods by which thermal energy can be Which statement about the air that is heated is correct?
temperature measurements MCQ transferred are conduction and radiation. .
Which statement is correct? A The air contracts and becomes less dense.
1 Which of the following statements about thermal radiation is correct? A Conduction involves density changes in fluids. B The air contracts and becomes more dense.

Conduction only occurs in solids C The air expands and becomes less dense.

B
A ltis electromagnetic radiation. ;
9 C Radiation cannot occur in a vacuum. D The air expands and becomes more dense.
B It can only happen in vacuum. L ) 7 Four rods are made from different metals P, Q, R and S.
D Radiation involves electromagnetic waves. The rods have equal lengths and equal
C ltinvolves movement of molecules due to changes in density. diameters. The rods are heated at one end, in the same way.
; : The table shows the time taken for the temperature at
D Itinvolves transfer of electrons through a material. 5 A heater is to be fitted in a room to warm the other end of each rod to rise by 1.OOC_p

the air throughout the room.

i i ?
The diagram shows two possible positions Which metal is the best conductor of thermal energy (heat)?

to fit the heater, P and Q. I i k
2 The metal surface of a kettle is hot. - meta time taken/s
I_'/ position Q P 35
What happens to the cool air outside the kettle
Q 30
when it comes into contact with the hot kettle? room
— R 45
A The density of the air decreases and the air falls. —
" S 40
B The density of the air decreases and the air rises. position F’\_‘l
. - . A metal P B metal Q
C The density of the air increases and the air falls. Which position is better and why?
D The density of the air increases and the air rises. C metalR D metal S
position why?
3 One type of double glazing consists of two 8 In a refrigerator, the cooling unit can be
panes of glass separated by a vacuum. A P warmer air is less dense and rises fitted either at the top or at the bottom.
B P warmer air is more dense and rises In an oven, the heater can be fitted either
glass\-—-/glass at the top or at the bottom.
IR (o8 Q warmer air is less dense and falls . .
Which row shows the best position for
D Q warmer air is more dense and falls the cooling unit and the best position
for the heater?
vacuum 6 The air in a room is heated by a heater. : -
H— The diagram shows the circulation of the air in the room. cooling unit heater
A bottom bottom
= N o B | bottom top
Which method or methods of energy transfer circulation
|_of air Cc top bottom
are prevented by the vacuum?
P y D top top
A conduction and convection |_—-room
heater—_| 7]
conduction and radiation i \_/

B
C convection and radiation
D

radiation only

126



11 A heating engineer fits a heater to the ceiling
of an office so that workers in the office are kept 15 Ona very cold day, a boy puts one hand on the metal

warm. handlebars of his bicycle. He puts the other
hand on the rubber hand grip.

9 A girl is outdoors. She warms her hands
by holding them near a fire, as shown.

hands How does thermal energy reach the workers

below the heater? The metal feels colder than the rubber hand grip,
% A conduction and convection although they are both at the same temperature.
B convection and radiation Why is this?
§ C convection only A The metal has a higher melting point than the rubber.

D radiation only The metal has a lower thermal capacity than the rubber.

B
How does the heat from the fire reach her hands? 12 Which row shows how heating changes the density of air, C The metal is a better thermal conductor than the rubber.
and the name of the method of energy b

A conduction only transfer caused by this density change?

The metal radiates more infra-red radiation than the rubber.

B convection and conduction .
density method of energy transfer

C convection and radiation 16 A student suggests some uses for the knowledge that black and

A decreases conduction . . . . . .
D radiation only white objects emit and absorb different amounts of infrared radia-

B decreases convection ti

ion.
% increases conduction Which of her suggestions is correct?
D increases convection A Coffee mugs should be black to keep coffee hot.

10 When a family wants to embark on a picnic, they tend 13 The thermal transfer of energy through a copper rod involves electrons. B Houses in hot countries should be painted white to keep the

to want to take food which is best served chilled, like A second process is also involved. occupants cool.
sandwiches and lemonade.

What is this method of thermal energy transfer, C White clothing will help you cool down much faster.

In order to achieve this, ice packs are packed with the and what is the second process? D Solar heating panels should be white to heat the water more
picnic food in a hamper. Two are recommended. method second process quickly.
Where does physics dictate both ice packs should be conduction density change

placed in order to keep the food as cool as possible? 17 The diagrams show four spherical objects of the same size.

conduction lattice vibration Two of the objects are white and two are black.
Two of the objects are at the same high temperature

O 0 w >

convection density change
and two are at the same low temperature.
A both at the top of the hamper convection lattice vibration Which object emits infra-red radiation at the greatest rate?
B one at the top of the hamper and one at the A B C D
bottom 14 The diagrams show four spherical objects at the same temperature.

Two of the objects are small and two are large.
C both at the bottom of the hamper

Two of the objects are white and two are black.
D on either side of the hamper Which object emits infra-red radiation at the greatest rate? high high low low

temperature temperature temperature temperature
A B

O @ O ‘
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20 A liquid is heated in a beaker. 22 A wooden beam is painted part black and part white.
The beam absorbs infra-red radiation from
the Sun during the day, and loses infra-red
radiation to the surroundings at night.

18 An astronaut aboard the International Space Station (ISS) lights a
match. Using ideas about convection, what does the flame look like?

A It burns upwards, like a normal flame. liquid wooden beam

B It burns like a normal flame, but is directed downwards, towards

the Earth. 1
C It burns like a normal flame, but is directed sideways, in the oppo- heating Which part of the beam heats up more quickly
site direction to the direction the ISS is travelling. Th? density of the !IQUId changes as during a day, and which part cools down more
D It burns in a sphere for a short time, before going out. as ,Its temperature increases. quickly at night?
This causes energy to be
transferred throughout the liquid. part heating up | part cooling down
) more quickly more quickly
How does the density change and
what is this energy transfer process? A black black
densit energy transfer B black white
19 Two otherwise identical cars, one black and one white, y process C white black
are at the same initial temperature . _ _ _
The cars are left in bright sunshine and A decreases conduction D white white
their temperatures increase . B decreases convection
During the night their temperatures decrease.

. 9 9 peraty ) c . ) 23 Which diagram correctly shows the motion of the
Which car shows the greater rate of temperature increase Increases conduction particles in a beaker filled with liquid heated from the
and which car shows the greater rate D . " base?
of temperature decrease? Increases convection '

A B
greater rate of greater rate of 21 Which . | h | duction?
temperature temperature ich processes occur in a metal to cause thermal conduction*
increase decrease ( ]{ ( wv
electron proton lattice J t J t

A black black transfer transfer vibration /I\ /I\

B black white A / 7 7 Heat Heat

C white black

B v v X c D
D white white
C v X v
D X v v O O ( T T }

key v = process occurs X = process does not occur
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24 A student suggests some uses for containers made

from good thermal conductors and for
containers made from poor thermal conductors.
In which row are both suggested uses correct?

temperature

/— liquid 1
liquid 2

good thermal conductor

poor thermal conductor

0

0 time

What does the graph tell us about the liquids?

B Liquid 1 has a higher boiling point than liquid 2.

C Liquid 1 starts to melt sooner than liquid 2.

A keeping a cold liquid at transferring thermal energy
a low temperature quickly from a hot liquid
B keeping a hot liquid at keeping a cold liquid at
a high temperature a low temperature
Cc transferring thermal energy transferring thermal energy
quickly from a hot liquid quickly to a cold liquid
D transferring thermal energy keeping a hot liquid at
quickly to a cold liquid a high temperature
25 A copper bar and a wooden bar are joined.

26 Equal masses of two different liquids are heated

A piece of paper is wrapped tightly around the join.

The bar is heated strongly at the centre
for a short time, and the paper goes brown

on one side only.

wood paper copper

,,,,,,,

Which side goes brown, and what does

this show about wood and copper?

brown side wood copper
A copper conductor insulator A
B copper insulator conductor B
Cc wood conductor insulator c
D wood insulator conductor P
28

using the same heater. The graph shows how
the temperature of each liquid changes with time.

D Liquid 1 starts to boil sooner than liquid 2.

27 A wooden wheel can be strengthened
by putting a tight circle of iron around it.

wooden wheel

iron circle

Which action would make it easier
to fit the circle over the wood?

cooling the iron circle
heating the iron circle

heating the wooden wheel and cooling the iron circle

A Liquid 1 has a higher melting point than liquid 2.

room

heater
L —

How is thermal energy transferred from the
heater to the man so quickly?

A by conduction, convection and radiation
B by conduction only
C by convection only
D Dby radiation only
29 A rod is made half of glass and half of copper.
Four pins, A, B, C and D are attached to the rod
by wax. The rod is heated in the centre as shown.

Which pin falls off first?

glass copper

\ /

1 A 1 4

T T wrv

pin pin pin
A B C
heat
30 A piece of hot metal is held by a clamp in
a cold room. The air next to the metal becomes hot.
The density of the air changes and the air moves.

clamp
hot metal

heating the wooden wheel but not heating or cooling the iron circle

A man goes into a cold room and switches on
a heater. The man then stands one metre away
from the heater. He feels warmer almost immediately.
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Which row shows the density change of
the air and the direction in which the air moves?

density of air movement of air
A decreases downwards
B decreases upwards
C increases downwards
D increases upwards




Conduction, convection, radiation and temperature measurement 2 Fig. 2.1 shows a domestic hot water system.

—
Fig. 1.1 shows apparatus that is used to demonstrate some effects of the transfer of energy by to taps
radiation. % §
metal

glas_s bulb . |l —storage
painted heater shiny water\~ tank
matt black glass bulb B
jacket — heater
glass tube | __—glass tube
—— [
from l"
air —_| air water
[~ + supply
Fig. 2.1
(a) The heater is placed at the bottom of the storage tank.
\\ y\ liquid (i) Name the process by which water in contact with the heater becomes hot.
...................................................................................................................................... 1
Fig. 1.1 Y

The glass bulb painted matt black, the shiny glass bulb and the spaces above the liquid in the tube (ii) 1. Explain how the water at the top of the storage tank becomes hot. Include the word
all contain air. density in your answer.

The heater glows red when switched on. The heater is the same distance from each Bulbh. e e e
(a) State the two types of radiation that are emitted Dy the heater. e e e e b e e r e ae e e reeas
T oo e e eeeeeeeeeeeeeeeeeeeeeeeeeeiieeeseieeessssssssssesssssssettetttttaetaaaaaaaaaaaaaaaaaaaanaaae  eeeeeeeetesessessesseessssessessssssssssessteestererenrr e e e e e e e e e e et e e e e ee e e e e e et e e e e e e e e e e e e e e
2 N
(1]
(b) Before the heater |S SW|tChed On, the |IQUId |eVe|S in the glass tube are the SAIME. T [3]
2. State the name given to this process.
State and explain any changes in the liquid levels that take place when the heater is
E5L (e} aT=To o] o PP [1]

(b) Hot water storage tanks are often covered in a material such as polystyrene or a ‘jacket’ made
from a woollen material.

(i) State the purpose of this covering.

.................................................................................................................................................................................................................. [1]
................................................................................................................................................... ) Suggest two reasons why the use of such a materal s Iortant.
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" T oo e e e et e et e et e e s e e
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" et e ettt
............................................................................................................................................... [4] [1102t]a|: 8]

[Total: 5] 130



o o (b) The student warms the beaker and liquid on an electric heater as shown in Fig. 3.2.
3 Astudent has a beaker of liquid as shown in Fig. 3.1.

R a
L\ a
beaker — |

| liquid

electric S 2

heater \[ ]5\\
Fig. 3.1

(@) The student makes some measurements. His results are shown in the table.

Fig. 3.2
mass of beaker and liquid 2809 (i) State the name of the process by which thermal energy is transferred through the glass
of the beaker.
mass of empty beaker 120g
....................................................................................................................................... 1
volume of liquid 200cm? [1]
(i) Explain how thermal energy is transferred throughout the liquid by convection.
(i) Calculate the mass of the liquid in the beaker.
mMass of lIQUId = .....cooviiiiiie e g1l
....................................................................................................................................... [3]
(ii) Calculate the density of the liquid.
(c) After heating for 20 minutes, the student re-weighs the beaker and liquid. He finds that the
mass of the beaker and liquid has decreased to 2604g.
(i) State the name of the process that causes this decrease in mass.
....................................................................................................................................... [1]
(ii) In terms of molecules, explain how this process occurs.
dENSItY = ..oovcveeiicieieeec e g/cm?3 [3]
....................................................................................................................................... [2]

[Total: 11]
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4  Fig. 4. shows a cross-section of a double-walled glass vacuum flask, containing a hot liquid.

The surfaces of the two glass walls of the flask have shiny silvered coatings.
(b) Suggest, with reasons, what must be added to the flask shown in Fig. 4.1 in order to

/D & keep the liquid hot.
silvered
SUMACES  ieeeeeeeeeeeeeeeeeeeeeeeeseeeeeteeseeaeeeeseeissssteteteeeeeeeeeaaaaht————eteaeeaeaeeanataatatbeeaaaeeaeaeaaaarataanas
| GOUUM R AR R R SRR SRR A1
...................................................................................................................................... [3]
q Total: 6
T~ hot liquid [ ]
—
Fig. 4.1

(a) Explain

(i) why the rate of loss of thermal energy through the walls of the flask by conduction
is very low,

(ii) why the rate of loss of thermal energy through the walls of the flask by radiation is
very low.
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5 An archaeologist digging at an ancient site discovers a spoon. The spoon is made from an
unidentified material.

(a) The archaeologist suspects that the spoon is made of metal. She places it above a
flame, as shown in Fig. 1.1.

Fig. 1.1

(i) She notices that the handle of the spoon quickly becomes very hot.

State why this observation supports the suggestion that the spoon is made of
metal.

(ii) Describe, in terms of its atoms, how thermal energy is transferred through a metal.

(b) The archaeologist hopes that, by determining its density, she will be able to identify the

133

metal.

Describe a method for determining the density of the metal from which the spoon is
made.

[Total: 8]



6 Fig. 5.1 shows some apparatus which is used to be used to compare the emission of infra-red 7 (a) A240V,60 W lamp is connected to a 240 V supply. The lamp has a constant temperature.

radiation from four different painted surfaces.

State
this side (i) the rate at which the lamp transfers energy to the surroundings,
this side ‘ painted dull
painted shiny ! white
white FAte = [1]
metal box : — water inlet (ii) the names of the thermal processes by which the lamp transfers energy to the
1 surroundings.
1
1
T ST SR RSOOSR PRO
R4 PPN [1]
. this side
this side ,/’ painted shiny (b) Fig. 7.1 shows a thick copper block that has been heated to 400 °C. One side of the block is
painted dull black dull black. The other side of the block is polished and shiny.
black
Fig. 5.1
Near the centre of each side is an infra-red detector. The four detectors are identical. thermometerA\ ] /thermometer B

A supply of very hot water is available.

(a) Describe how you would use this apparatus to compare the infra-red radiation from the

|
copper block
four surfaces. //

dull black surface\ | — polished shiny surface

5] Fig. 7.1
.................................................................................................................................... () In Experiment 1, the thermometer bulbs are both painted black, They are placed at equal
(b) Suggest which surface will be the best emitter and which will be the worst emitter. distances from the surfaces of the block. The maximum temperature shown by each
thermometer is recorded.
best emitter ..o
Explain any difference between the maximum temperature shown by the two
worst emitter ..o 1] thermometers.
L6 LS OO ERORR
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8 (a) (i) An electric kettle contains 600 g of water at 20 °C. The heater in the kettle operates at

(ii) In Experiment 2, the thermometer bulbs are both shiny silver-coloured. They are placed
240V. The specific heat capacity of water is 4200J/(kg °C).

at the same distances from the surfaces of the block as in Experiment 1.

State and explain any differences that are observed in the maximum temperatures The current in the heater is 12 A.

shown by the thermometers in Experiments 1 and 2.
Calculate the time taken for the temperature of the water to rise to 100 °C.

Fig. 7.2
State the benefit to a firefighter of wearing shiny silver-coloured clothing.

[Total: 8]
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(b) Using the apparatus shown in Fig. 8.1, describe an experiment to demonstrate good and bad
emitters of thermal radiation. Include the expected results and the conclusion.

You may use a diagram.

white E
black side E
side K
K

metal water bottle 2 thermometers supply of hot water aruler

Fig. 8.1

[Total: 9]
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Waves
Summary Notes

neral wave pr i

Waves transfer energy and information without transferring matter; the particles oscillate
about a fixed point.

e Transverse waves
o Have peaks and troughs
o Vibrations are at right angles to the direction of travel
o An example is light
e Longitudinal waves
o Consists of compressions (particles pushed together) and rarefactions (particles
moved apart)
o Vibrations are in the same direction as the direction of travel
o An example is sound

Amplitude — the distance from the equilibrium position to the maximum displacement

Wavefront — a line joining points on a wave at the same point in their wave cycle at a given
time

Frequency - the number of waves that pass a single point per second

Wavelength - the distance between a point on one wave and the same point on the next wave
Time period - the time taken for one complete wave to pass a fixed point

The speed of a wave is equal to the product of the frequency and wavelength:
® speed = frequency*wavelength v=fA
The frequency of a wave is equal to the reciprocal of the time period, measured in Hertz (Hz):

® frequency = m f=7
Reflection:
e Allwaves can be reflected when they travel from a medium of low Porpondclar
optical density (such as air) to one of much higher optical density Incidentray | Reflected ray
(such as glass) \ bt
e The law of reflection states that:
o Angle of incidence = angle of reflection Surtace

e Frequency, wavelength, and speed are all unchanged

Refraction:
e All waves can be refracted, which is when the speed of a wave /
changes when it enters a new medium //
e [f the wave enters a denser medium, its speed decreases and it
bends towards the normal
e [f the wave enters a less dense medium, its speed increases
and it bends away from the normal

e

e Inall cases, the frequency stays the same but the wavelength changes. As a result, the
velocity must change.

Electromagnetic spectrum

You need to learn the main groups of the electromagnetic spectrum in order of decreasing
wavelength and increasing frequency including the colours of the visible spectrum (ROYGBIV).
The Electromagnetic Spectrum

Wavelength (meters)

Radio Microwave Infrared Visible Ultraviolet X-Ray Gommao Ray
| | | | | | |
1

1 1 1 1 T T
10 107 10° 10¢ 10 10 10

NN AN VWMWY

Decreasing wavelength

Frequency (Hz)
Increosing frequency

#l#

10* 10* 10"

All electromagnetic waves travel with the same high speed in a vacuum and approximately the
same speed in air.

Uses of electromagnetic waves:

e Radio waves are used for radio and television communications. They have a long

wavelength and are reflected by a layer of the atmosphere called the ionosphere.

o Microwaves are used for satellite transmissions and in cooking. As they have a greater
frequency (shorter wavelength) they are more penetrating so can pass through the
ionosphere and penetrate deep into food.

Infrared radiation is used in heaters and night vision equipment.

Visible light is used in fibre optics and photography.

Ultraviolet light is used in fluorescent lamps.

X-rays are used in medical imaging and in security as (because they have a very short

wavelength and high frequency) they can penetrate material easily.

¢ Gamma radiation is used in sterilising food and medical equipment due to its high
energy.

Hazards:
e Microwaves can cause internal heating of body tissues.
e Infrared radiation can cause skin burns.
e Ultraviolet light exposure increases the risk of skin cancer and blindness.
o Sun cream and sun glasses prevent over-exposure in summer.
e X-rays and Gamma rays are ionising radiation that can cause mutations leading to
cancer.
o Exposure to these kinds of radiation should be minimised (for example, by using
protective shielding made of very dense materials such as lead).
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Light an n

Light waves are transverse waves and can be reflected and refracted.

e Reflection of light can be shown when light reflects at a plane \
mirror and forms an image.
o This can be represented by a ray diagram like the first
one shown on the right.
e Refraction of light can be shown when light is passed through a
glass slab at an angle to its normal. 4
o When light enters a more optically dense medium, i

the angle of incidence (the angle between the = ¢ g tomal

incident ray and the normal) is greater than the o |

angle of refraction (the angle between the ~

refracted ray and the normal). This can be :

represented by a ray diagram like the second one = & \

shown on the right. —
o The opposite is true when light enters a less \_

optically dense medium.

Snell's law relates the angle of incidence and the angle of refraction to the refractive index of a
medium by nlsini = n2sinr where n is the optical density & i is the angle of incidence and r is the
angle of refraction.

Total internal reflection:

e At a certain angle of incidence called the critical angle, the light @
will travel along the boundary between the two media. \

e Total internal reflection occurs when the angle of incidence is {
greater than the critical angle and the light reflects back into the B
medium. o

e For total internal reflection to occur, the light must also be
travelling from a more optically dense medium into a less @
optically dense medium (most common example is glass to
air). 1§ )

e The critical angle c can be related to the refractive index by: S e

1

sin sin ¢

n=

Optical fibres:

e An optical fibre is a long thin rod of glass surrounded by cladding which uses total internal

reflection to transfer information by light, even when bent.

= —

m Total internal reflection

e They are used extensively in medicine (endoscopes, inside-body flexible cameras) and
communications (high speed data transfer).

—

B/

Sound waves are longitudinal waves and can be reflected and refracted.
The range of audible frequencies for a healthy human ear is 20 Hz to 20000 Hz.

To measure the speed of sound in air, you can make a noise at a known, large distance from
a solid wall and record the time for the echo (reflected sound) to be heard, then use

speed = distance/time, where distance is 2 x length - taking into account the fact that the
sound had to go there and back.

An oscilloscope connected to a microphone can be used to display a sound wave and find
its frequency and amplitude.

e The greater the amplitude of a sound wave, the louder it is.

e The greater the frequency of a sound wave, the higher its pitch.

3. e The first sound wave shown is
N\ /“\ /\ N /’\ [\ quietand low pitched.
/’\\v N\ y I\ ‘ \ ANAWA e The second sound wave shown
VAR N \/ \ [\ \/ is loud and low pitched.
vV e The third sound wave shown is
loud and high pitched.

Source: physicsandmathstutor.com
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Waves - basic and reflection, refraction and
diffraction MCQ

1 The diagram shows four waves drawn to the same scale.

displacement P displacement Q

¥ ¥ 0
\_/ distance

1O
1O

displacement R displacement

\/ distance

3 Waves travel more quickly on the surface of water

when the water is deep.

A stone is dropped at point X into a pool of varying
depth. The diagram shows
the first wavefront on the surface of the pool.

The region between X and which labelled point
is likely to be the deepest?

B
wavefront

D

0 \./ \/ distance

hoa
]

4 The diagram shows a side view of a water wave at a
particular time . The diagram is drawn full size .

oo

direction of

0 distance travel of wave
A AV AVAVA

Which statement is correct?
A The amplitude of wave P is the same as the amplitude of wave R.
The amplitude of wave S is double the amplitude of wave Q.

B
C The wavelength of wave Q is double the wavelength of wave P.
D

The wavelength of wave S is the same as the wavelength of wave Q.

2 Which waves are longitudinal?
A B c D

| B

IS

sound waves
from a trumpet

water waves
on a pond

microwaves
in an oven

light waves
from a lamp

Which statement about the wave is correct?

A

B
C
D

The wave is longitudinal and the frequency
can be measured from the diagram.

The wave is longitudinal and the wavelength
can be measured from the diagram.

The wave is transverse and the frequency
can be measured from the diagram.

The wave is transverse and the wavelength
can be measured from the diagram.

139

5 The diagram shows a water wave
approaching a barrier with a gap.

barrier
direction U/
of travel
1"
water wave

The wave reaches point P.

What is the name of the effect that
causes the wave to reach point P?

A diffraction
B dispersion
C reflection
D

refraction

6 The diagram represents a water wave.

4m

Which row shows the amplitude and the wavelength of the
wave?

amplitude/m | wavelength/m
A 1 2
B 1 4
C 2 2
D 2 4




7 The diagram represents circular wavefronts coming from

point S. The wavefronts strike a barrier

and are reflected so that they appear to come from point S,

S
.
S
A L]
S
B o
S
C o
S
D °

™ barrier

Which diagram shows the reflected wavefronts?

)

o

°n

°n

LX)

LX)

8 Which row correctly defines a type of wave and gives a correct example?

wave type direction of vibrations example
A longitudinal parallel to direction of wave travel radio waves
B longitudinal perpendicular to direction of wave travel light waves
C transverse parallel to direction of wave travel light waves
D transverse perpendicular to direction of wave travel radio waves

9 A water wave moves quickly in deep water.

deep
water

water
waves

The wave now enters shallow water and its speed decreases.
Which row shows what happens to the frequency

shallow
water

of the wave, and what happens to the
wavelength of the wave?

o o0 w >

frequency wavelength
decreases decreases
decreases does not change

does not change

does not change

decreases

does not change
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o o0 w >

10 The diagram represents plane wavefronts being
diffracted by passing through a gap in a barrier.

barrier

\

wavefronts

gap

Which pair of changes must
increase the amount of diffraction that occurs?

decrease the wavelength and decrease the size of the gap
decrease the wavelength and increase the size of the gap
increase the wavelength and decrease the size of the gap

increase the wavelength and increase the size of the gap



11

Which wave has an amplitude equal to half its wavelength?

displacement 1.0

distance/cm

/cm
; v v
-1.01

displacement 1.0
/cm

0

distance/cm

-1.04

displacement 1.0
/cm

1 é\é/;l distance/cm

-1.04

0

displacement 1.0+
/ecm

0 T
distance/cm

-1.01

12 Which diagram shows what happens when
plane waves pass the edge of the object shown?

A B
object object

[ D
object object

13 Sound waves of frequency 2.0 kHz travel
through a substance at a speed of 800m/s .
What is the wavelength of the waves?

A 0.40m B 25m
C 400m D 1600m

14 The frequency of a wave is doubled.
The speed of the wave does not change.

What happens to the wavelength of the wave?
A It becomes four times as large.

B It does not change.

C Itdoubles.

D It halves.

15 A water wave passes into a region where the
wave travels more slowly.

As it passes into the slow region, what happens
to the frequency and what happens to the
wavelength of the wave?

141

frequency

wavelength

decreases
increases

remains the same

O o0 m >

remains the same

remains the same
remains the same
decreases

increases

16 Different waves hit barriers with different sized gaps.
The waves will diffract.

In which diagram does the greatest spreading occur?
A

H/barrier
M I B ; éap 2.0cm
I

- . wavelength
wavelength 2.0cm
1.0cm
Cc D
H/barrier |-‘|/
M ‘ ‘ | Igap o H—{ | I
- - wavelength
wavelength 2.0cm
1.0cm

17 Which row shows an example of a
transverse wave and an example

of a longitudinal wave?

transverse longitudinal
A light radio
B radio sound
Cc sound water
D water light




18 A boy throws a small stone into a pond.

W dout f here the st 21 Ina shallovy tank, a water wave moves towards 23 The diagram shows water waves passing through a gap in a harbour wall.
'aves spread out from where the stone a barrier with a narrow gap The waves curve round the wall and reach a small boat in the harbour.
hits the water and travel to the side . bari
of the pond. arrier harbour wall
The boy notices that eight waves reach
the side of the pond in a time of 5.0s. waves
What is the frequency of the waves? water | | ™
A 0.20Hz B 0.63Hz wave _ harbour
C 16Hz D 40Hz -
19 Water waves may be used to demonstrate refraction
by making them pass into water of a different depth. W
Which diagram shows the wave beyond the barrier? gap
boat
wave direction deep water A B
shallow water . . .
(4 * What is the name of this curving effect, and how
can the gap be changed so that the waves are
1 1 |- | | less likely to reach the boat?
/ o
wavefronts =1— _ | | | | _ | | ‘ name of effect change to the gap
A diffraction make the gap slightly bigger
Why does the water change direction W W B diffraction make the gap slightly smaller
as it passes into the shallow water? c refraction make the gap slightly bigger
A The frequency of the wave decreases. D refraction make the gap slightly smaller
C D
B The frequency of the wave increases. " ‘ 24 Which row shows the nature of light waves,
sound waves and X-rays?
C The speed of the wave decreases. -
light waves sound waves X-rays
D The speed of the wave increases. — —
) ) ) ) ) A longitudinal longitudinal transverse
20 A person uses a surfboard to ride every 30th B longitudinal transverse longitudinal
wave crest towards the beach. The wave crest
travels at a speed of 1.6m/s and the W W C transverse longitudinal transverse
distance between each wave crest is 24 m. D transverse transverse longitudinal
How many wave crests does the person 25 The diagram shows plane water waves
surf in one hour? 22 A wave passes through a gap and diffraction passing through a narrow gap in a barrier.

causes the wave to spread out.
Which wave spreads out the most?

c 8 D 450
A Iar%e wavelent%th through a gap
slightly larger than the wavelength ))
large wavelength through a gap

A 1 B 2

g |

B

much smaller than the wavelength
C small wavelength through a gap
D

much larger than the wavelength

small wavelength through a gap
much smaller than the wavelength

barrier

The waves spread out on the far side of the barrier.
Which property of waves does this illustrate?

142 A diffraction B reflection C refraction D vibration



Waves - basics and reflection, refraction and diffraction

1 (a) Fig. 1.1 represents the waveform of a sound wave. The wave is travelling at constant speed.

—
distance
along wave

displacement
of particles

N4 \

Fig. 1.1

(i) On Fig. 1.1,

1. label with the letter X the marked distance corresponding to the amplitude of the
wave, (1]

2. label with the letter Y the marked distance corresponding to the wavelength of the
wave. (1]

(ii) State what happens to the amplitude and the wavelength of the wave if

1. the loudness of the sound is increased at constant pitch,

AMPIIUGE e e e e e e e e e s
WaVEIBNGLN .. e
(1]

2. the pitch of the sound is increased at constant loudness.
=TT o] 11 08 T = SRR
WAVEIBNGEN .. e
(1]

(b) A ship uses pulses of sound to measure the depth of the sea beneath the ship. A sound pulse
is transmitted into the sea and the echo from the sea-bed is received after 54 ms. The speed
of sound in seawater is 1500m/s.

Calculate the depth of the sea beneath the ship.
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[Total: 7]



(ii) The speed of the wave in the faster region is 0.39m/s.

2 A water wave in a tank travels from a region where the speed of the wave is faster into a region

where it is slower.

Calculate the frequency of the wave.

Fig. 2.1 is a one-quarter scale diagram that shows the wavefronts in the region where the speed

is faster.

falister region

wavefronts :i\

tank ~

freqUENCY = ..ooiiiie e

slower region

Fig. 2.1 (scale: 1.0 cm represents 4.0 cm)

(a) (i) Take measurements from the scale diagram in Fig. 2.1 to determine the wavelength of
the water wave as it travels in the faster region.

wavelength = ...,

(b) On Fig. 2.1, draw lines that indicate the positions of the wavefronts of the water wave in the
slower region. (2]

(c) State what happens to the frequency of the water wave as it passes into the slower region.

(2]

[Total: 7]
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3

(a) The graph in Fig. 3.1 represents a wave on a rope.

(b) Awave travelling on the surface of water has a wavelength of 2.5cm and a speed of 8.0cm/s.
Calculate the frequency of the wave.
8.0
vertical
position/cm \ \ \ \
J J J J
6.0 f \ f \ f \ f \
‘\‘ \ ‘\‘ \ freqQUENCY = ..o [2]
] ] ] ]
I I I I
| | \ | | \ (c) The wave in (b) approaches a barrier that has a large gap in its centre.
\ \ \ \
4.0 | | | |
i i i 1 Fig. 3.2 shows the crests of the wave viewed from above.
," ‘ | ," ‘ | . barrier
\ \ \ \ gap
\ \ \ \
2.0 I T I T
I |/ I |/
\ \ \
\ \ \ \
direction
0 of wave
0 20 40 60 80 100 120 travel
. distance along rope/cm
A
Using Fig. 3.1, determine Fig 31
wave crest barrier
(i) the amplitude of the wave, Fig. 3.2
The gap in the barrier is larger than the wavelength A.
(i) On Fig. 3.2, draw the pattern formed by three crests after the wave passes through the
gap in the barrier. 2]
aMPlItUAE = .o [1] (ii) Water is added to the tank and the speed of a wave in the deeper water is greater
than that in the shallower water. The frequency of the wave remains constant but its
(ii) the wavelength of the wave. wavelength is different.
1. State and explain how the wavelength in the deeper water has changed.

wavelength =

(1]
2. Apart from the change in wavelength, describe one other difference in the pattern
formed by the crests after the wave passes through the gap.



4  Fig. 4.1 shows a view from above of waves on the surface of water in a water tank.

region Q B C
region P ’

Fig. 4.1

The wavefront AB is travelling in region P towards region Q, where the water is shallower
and the waves travel more slowly.

(@) Some time later, the wavefront has moved into region Q.
CD, CE and CF are suggested positions of the new wavefront.

(i) State which is the correct position of the new wavefront.

(b)
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Fig. 4.2 shows the waves after a change is made to the way the tank is set up, and the
experiment is repeated.

region Q B c
region P /

Fig. 4.2
The wave from position AB in region P now moves to position CG in region Q.

State the change that has been made and explain your reasoning.

[Total: 6]



5 (a) Fig. 5.1 shows an aerial view of wavefronts passing from the open sea into an outer (b) Fig. 5.2 shows an aerial view of wavefronts in deep water approaching a region of
harbour. shallow water where they travel more slowly.

open sea

deep water shallow water

outer harbour \

wall ~
N
\

[ direction of
wave travel

7

outer harbour direction of A \

wave travel \
inner harbour \

wall
inner harbour \
interface

Fig. 5.2

Fig. 5.1
g (i) Name the process that occurs as the wavefronts pass from deep to shallow water.

(i) The wavefronts in the outer harbour are curving at their ends.

Name the process that is occurring at the entrance to the harbour.
(ii) Complete Fig. 5.2 to show possible positions of the five wavefronts in the shallow

.............................................................................................................................. [1] water. [2]
(ii) On Fig. 5.1, carefully complete the wave pattern as the wavefronts progress through [Total: 7]

the outer harbour and into the inner harbour. Show the rest of the wave pattern in

the outer harbour and three wavefronts in the inner harbour. [3]
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6 (a) Fig. 6.1 shows wavefronts approaching a gap in a barrier.

(b) Describe, with a labelled diagram, an experiment using water waves that shows the reflection

of wavefronts that occur at a straight barrier.
wavefront
—
P
barrier
Fig. 6.1
(i) On Fig. 6.1, draw three wavefronts to the right of the barrier. [2]

(ii) Fig. 6.2 shows the gap in the barrier increased to five times the gap in Fig. 6.1.

wavetromt | L L
B |
............................................................................................................................................... [4]
[Total: 8]
barrier
Fig. 6.2
On Fig. 6.2, draw three wavefronts to the right of the barrier. [2]
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7

(@) A wave passes along the surface of the water in a ripple tank. Describe the motion of a
molecule on the surface as the wave passes.

(b) Fig. 7.1 shows a view from above of water waves approaching a narrow gap in a barrier.
The water on both sides of the barrier has the same depth.

barrier with
narrow gap

direction of
water waves

Fig. 7.1
(i) On Fig. 7.1, sketch the pattern of waves in the region to the right of the barrier. [2]

(ii) State the process by which waves arrive at point P to the right of the barrier.

(c) The waves approaching the barrier in Fig. 7.1 have a wavelength of 1.4cm and travel at
a speed of 12cm/s.

Calculate the frequency of the waves.

freqUENCY = ..o [2]

[Total: 6]

8 (a) (i) Along rope, fixed at one end, is being used by a student to demonstrate transverse
waves.

State what the student does to the rope to produce the transverse wave.

....................................................................................................................................... [1]
(ii) Fig. 8.1 shows a section of the rope when the transverse wave is present.
Fig. 8.1
On Fig. 8.1, show
1. adistance, labelled A, corresponding to the wavelength of the wave,
2. adistance, labelled A, corresponding to the amplitude of the wave. [2]
Suggest what the student could do to reduce the wavelength of the wave.
) TS
....................................................................................................................................... [1]

(b) The diagram in Fig. 8.2 represents waves on the surface of water in a ripple tank. The waves
are travelling from deep water across a boundary into shallow water.

deep water shallow

water

/A Fig. 8.

Explain how the diagram shows that water waves travel more slowly in shallow water than in
deep water.



1 Afire alarm is not loud enough and the pitch

Sound waves MCQ

is too low. An engineer adjusts the alarm

so that it produces a louder note

of a higher pitch.

What effect does this have on the amplitude and
on the frequency of the sound waves that the

2

alarm produces?

amplitude | frequency
A larger larger
B larger smaller
Cc smaller larger
D smaller smaller

In an experiment to measure the speed of sound,

a student uses a stopwatch to find the time
taken for a sound wave to travel from Xto Y.

She does this six times.

sound travels from X to Y

X Y
The table shows her results.
measurement | time/s
first 0.5
second 0.7
third 0.6
fourth 04
fifth 0.9
sixth 0.5
Which value for the time should be
used to calculate the speed of sound?
A 04s B 0.5s C 0.6s D 009s

3 Three vibrating objects P, Q and R produce
waves in the air of different frequencies as shown.

6 Two sounds X and Y are produced by loudspeakers.

The amplitude and frequency of each sound
wave is given in the table.

object frequency/Hz
P 25
Q 1000
R 15000

Which of these waves can be heard by a human ear?

4

A P,QandR

B PandQonly
C PandRonly
D QandRonly

Which row states whether light waves
and whether sound waves can travel in a vacuum?
sound waves light waves
A no no
B no yes
C yes no
D yes yes

5

Sounds are produced by vibrating objects.
A certain object vibrates but a person nearby
cannot hear any sound.

Which statement could explain why nothing is heard?

A

B
Cc
D

The amplitude of the sound waves is too large.
The frequency of the vibration is too high.
The sound waves are transverse.

The speed of the sound waves is too high.

150

amplitude/mm | frequency/Hz
X 1.3 475
Y 20 235

How does sound Y compare with sound X?

A

B
c
D

Y is louder and has a higher pitch.
Y is louder and has a lower pitch.
Y is quieter and has a higher pitch.

Y is quieter and has a lower pitch.

A pulse of sound is produced at the
bottom of a boat.

The sound travels through the water
and is reflected from the sea bed.

The sound reaches the boat again
after 1.2s.

The speed of sound in the water
is 1500m/s.

s

boat

sea bed

How far below the bottom of the boat is the sea bed?

A

450m B 900m C 1800m

8 A girl notices that, when she shouts into
a cave, she hears an echo.

Which wave property causes the echo?
A diffraction

B dispersion
C reflection
D

refraction

D 3600m



9 The diagrams represent the displacement in four different sound waves.

) 12 A man stands 110 m from a high wall.
All the diagrams are drawn to the same scale.

He makes a short, sharp sound and

_ ) ) ] ) then hears an echo from the wall.
Which diagram represents the sound with the highest pitch?

The speed of sound in air is 330m/s.
displacement displacement

MA

|
T

How long after making the sound does

time

time

13 A sound wave travels through air as a series
of compressions and rarefactions.

Which row correctly compares the air pressure
. ) in a compression and the air pressure in a
displacement Cc displacement D P i g
rarefaction to the air pressure nearby
where there is no sound wave?

l/\ /\ /\ /\ /\ i air pressure in air pressure in

1 time o1 time a compression a rarefaction
o\ \J \J AVAVAVAVAV,
| | A higher higher
B higher lower
10 \;prelg?s%'%pﬁ)rlt}ér?ésss&utﬂ(é o 11 A man is talking at the side of a house. c lower higher
He can be heard by a woman at D lower lower
A amplitude the front of the house

even though she cannot see him.
frequency

B

14 A sound wave has a certain amplitude and
C speed a certain frequency.
D

A second sound wave is quieter and lower

wavelength in pitch than the first sound wave.
The second wave has
A alarger amplitude and a greater frequency.
B alarger amplitude and a smaller frequency. .
C asmaller amplitude and a greater frequency.
What is the explanation for this? D a smaller amplitude and a smaller frequency

A Sound waves are longitudinal and light waves are transverse.

B Sound waves are transverse and light waves are longitudinal.

C The sound waves have a long wavelength and the light waves have short wavelength.

D The sound waves have a short wavelength and the light waves have long wavelength.
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the man hear the echo?
loudspeaker
A 0.33s B 0.67s
. C 15s D 3.0s

15 The sound from a loudspeaker must
pass through two materials to reach

a microphone.

D microphone

material 1 | material 2

Which combination of materials gives the shortest
time for the sound to reach the microphone?

material 1 material 2
A air hydrogen
B air water
Cc copper aluminium
D water oil

16 Which range of wave frequencies
includes only sounds that
can be heard by a human with
normal hearing?

A 3.0Hzto 300Hz
B 30Hzto 3000Hz
C 300Hz to 30000Hz

D 3000Hz to 300000 Hz

17 A fire alarm is not loud enough and the pitch
is too low.

An engineer adjusts the alarm so that it
produces a louder note of a higher pitch.

What effect does this have on the amplitude
and on the frequency of the sound?

amplitude frequency
A larger greater
B larger smaller
C smaller greater
D smaller smaller




20 To estimate the width of a valley, a climber starts a stopwatch as he shouts. He hears an echo

18 When the volcano Krakatoa erupted > Wid
from the opposite side of the valley after 1.0s.

in 1883, it was heard 5000 km away.

Which statement about the sound from

. sound
the volcano is not correct? 23 Which statement about ultrasound is correct?

v)}]))

climber

A If such a loud sound were to be made today, It is produced by a rapidly vibrating source.

an astronaut orbiting in space (a vacuum) at a
height of 400 km could hear it.

w

It is uncomfortable to human ears.

(¢}

valley Its frequency must be greater than 300 kHz.

B People further from the volcano heard the
sound later than people nearer to the volcano.

It travels the fastest in a vacuum.

)

) The sound travels at 330m/s.
C The amplitude of the sound waves would
have been smaller further from the volcano. What is the width of the valley?

D The sound was very loud because a lot A 825m B 165m C 330m D 660m

of energy was transferred to vibrations of the air.
21 A police car sounds its siren when travelling to an emergency. The siren produces two different

sounds P and Q, which are emitted alternately.
19 A loudspeaker on a boat produces a pulse

of sound in the sea. The diagram represents the sound waves emitted by the siren.
The echo of the pulse is received P P P P
back at the boat after 3.0s.
The depth of the sea under the boat is 2250 m. Q Q Q Q
boat

= pulse of
=_— sound
24 Both the amplitude and the frequency of a sound

wave decrease.
What happens to the sound heard?

Which of the two sounds P and Q is the louder and which has the higher pitch?

— _—sea bed louder sound of
(ot 10 scale) sound higher pitch A The sound is louder and has a higher pitch.
A P P B The sound is louder and has a lower pitch.
From this information, what is the speed
of sound in the sea water? B P Q C The sound is quieter and has a higher pitch.
c Q P D The sound is quieter and has a lower pitch.
A 330m/s B 750m/s D Q Q
C 1500m/s D 6750m/s 25 A sound wave is travelling through water.
. . 5
22 Which statement about sound waves is correct” What is a possible speed for the wave?
A They are able to travel through a vacuum.
A 150m/s B 300m/s
B They are able to travel through solids. C 1500m/s D 5000m/s

C They are transverse waves.

D They travel at the same speed in all substances.
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Sound waves

Two students A and B are carrying out an experiment to determine the speed of sound. (¢) The time between the two sounds, as measured by student B, is 3.0s.

They are standing side by side at a distance of 480 m from the school wall, as shown in Fig. 1.1. (i) Suggestthe instrument that student B used to measure the time.

....................................................................................................................................... [1]
school
wall (ii) Use the measurements to calculate the speed of sound.
B A 480m
SPEEA = e m/s [3]
Fig. 1.1 (not to scale)
[Total: 7]

Student A makes a loud sound by banging two pan lids together once. A short time later, both
students hear the sound again.

(a) State what causes this second sound.

(b) Underline the phrases that correctly complete the sentences below.
louder than
The second sound is {equally as loud as } the original sound.

quieter than

amplitude
frequency changed.
This is because the of the sound has
speed not changed.

wavelength

(2]
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3 (a) A sound wave in air consists of alternate compressions and rarefactions along its path.

2 (a) Fig. 2.1 shows four traces produced by an oscilloscope for different sounds. For each trace
(i) Explain how a compression differs from a rarefaction.

the same settings of the oscilloscope were used.
A B C D

0 N 0
/\ /\ / \ (ii) Explain, in terms of compressions, what is meant by
\ 7\ I\ I\ ﬂ n n \ 1. the wavelength of the sound,

(1]

\/ 2. the frequency of the sound.

BIg: 2l e [1]
(i) In the box, write the letter A, B, C or D of the trace showing the sound with the highest (b) At night, bats emit pulses of sound to detect obstacles and prey. The speed of sound in air is
[1] (i) A bat emits a pulse of sound of wavelength 0.0085m.

- . Calculate the frequency of the sound.
(ii) Complete the statement using the letters of the traces.

The two traces that have the same amplitude are ......... and ......... . [1]

(b) Students are provided with a 100m tape measure and stopwatches. The teacher has a

starting pistol.
Describe an experiment that they can carry out to determine the speed of sound in air. frEQUENCY = oo (2]

(ii) State why this sound cannot be heard by human beings.

.......................................................................................................................................................................................................................................................................................... (1]
................................................................................................................................................... (iii) The pulse of sound hits a stationary object and is reflected back to the bat. The pulse is
received by the bat 0.12s after it was emitted.
................................................................................................................................................... Calculate the distance travelled by the pulse of sound during this fime.
.............................................................................................................................................. [5] AISLANCE = ..o [ 2]
[Total: 7] [Total: 8]



4 (a) Two students are measuring the speed of sound.
The students are provided with a starting pistol, a stopwatch and a long measuring tape. The (b) A device at the bottom of the sea emits a sound wave of frequency 200 Hz.
starting pistol, when fired, produces a loud sound and a puff of smoke at the same instant.
(i) The speed of sound in sea-water is 1500m/s.

Describe how the students use the apparatus and how they calculate the speed. You may
draw a diagram. Calculate the wavelength of the sound in sea-water.

wavelength = ... [2]

(ii) The sound wave passes from the sea-water into the air.
State what happens, if anything, to

« the frequency of the sound,

(2]

........................................................................................................................................... [Total: 8]
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5 (a) Radio waves, ultrasound and visible light are all waves.
(b) Ultrasound passes through both human flesh and bone.
(i) State what is meant by ultrasound and suggest a value for the minimum possible

frequency of ultrasound waves. Fig. 5.1 shows an ultrasound source sending an ultrasound wave into human flesh.
................................................................................................................................ ﬂesh bone ﬂesh
................................................................................................................................ [2] X Y
ultrasound
(ii) State which of these waves are source
-
* electromagnetic, thickness t
................................................................................................................................ Fig. 5.1

The ultrasound wave travels through the flesh to point X and then through the thickness of the
................................................................................................................................ bone to point Y. At Y, some ultrasound is reflected and returns to X.

[2] The total time taken for ultrasound to travel in the bone from X to Y and back to X is 9.0 x 10%s.
The speed of ultrasound in bone is 4100m/s.

Calculate the thickness t of the bone.

thickness t =

[Total: 7]
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(a) Fig. 6.1 shows a metal strip, held in a clamp. (i) the first echo,

metal strip

__________ X
e Y
\\ -------------
clamp "=z
Fig. 6.1 HMe = o [2]
The end of the strip is pulled down and released, so that the strip vibrates. X and Z are the (ii)  the third echo.

extreme positions of the end of the strip during this vibration.Y is the mid-position.
Explain what is meant by

(i) the frequency of vibration of the strip,

(¢) Write down an approximate value for the speed of sound

i) in water, et et saeee s
(i) the amplitude of vibration of the end of the strip. @ speed
(i) in steel. SPEEA = eiiiei it
........................................................................................................................................... (d) Fig. 6.3 shows a dolphin in water emitting a sound wave of frequency 95 kHz

—————————————

(b) Fig. 6.2 shows two tall buildings, A and B, that are 99 m apart

99m

Fig. 6.3 (not to scale)

o O g o e s

Using your value from (c)(i), calculate the wavelength of this sound wave.

f=C» U

33m

Fig. 6.2 (not to scale)
A student stands at P so that his distance from building A is 33m. After clapping his hands
once, he hears several echoes. The speed of sound in air is 330m/s.

wavelength = <o [2]
Calculate the time interval between clapping his hands and hearing

[Total: 9]
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7 A sound wave, travelling in air, approaches a solid barrier with a gap in the middle . Fig. 7.1
represents the compressions and rarefactions of the sound wave. The compressions are labelled

A, BandC.
barrier
A . B , C
compression — | E E
rarefaction \\E E
Fig. 7.1

(a) State how a compression differs from a rarefaction.

(b) The speed of sound in air is 340m/s. The frequency of the sound is 850 Hz.
For this wave, determine

(i) the wavelength,

wavelength = ... [2]

(ii) the time that elapses before compression A reaches the barrier.

(¢) On Fig. 7.1, draw the shape and positions of compressions B and C as compression A
reaches the barrier. [2]

(d) Sound waves can also travel in water.

State how the speed of sound in water compares with the speed of sound in air.

[Total: 8]

8 Sound from a loudspeaker is travelling in air towards a solid wall.
Fig. 8.1 shows compressions of the incident sound wave and the direction of travel of the wave.

P 8.5m Q
wall

direction of

travel o
compressions
Fig. 8.1

(a) State what is meant by a compression.

(b) The distance from point P to point Q is 8.5m. It takes 25ms for the compression at P to

reach Q.
For this sound wave, determine

(i) the wavelength,

wavelength = ... [1]
(ii) the frequency.

frEQUENCY = .ooiiii e [2]
(c) As it strikes the wall, the sound reflects.

Complete Fig. 8.1 to show the positions of three compressions of the reflected sound wave.
(2]

(d) The loudspeaker is immersed in water, where it continues to produce sound of the same
frequency.

State and explain how the wavelength of the sound wave in water compares with the
wavelength determined in (b)(i).



Reflection of light MCQ

1 A plane mirror is fitted to a wall.

Which statement about the image
formed by the mirror is correct?

A Theimage is real.

B The image is left to right (laterally inverted).

C The image is smaller than the object.

D The image is upside down.

2 The diagram shows an object in front of a
plane mirror. The mirror forms an image

of the object.

oM

e object

At which labelled point is the image formed,
and which type of image is formed?

whe_re the image type of image
is formed
A atM real
B atM virtual
Cc atN real
D atN virtual

3 An object is placed before a plane

mirror as shown.

A student views the image of the object

in the mirror from

point P.

Where does she see the image?

object\. B

Te

X o]
(=)

mirror

4 The image formed by a plane mirror is upright.

5 A plane mirror is used to form an image of an object

At which labelled point is the image formed?

object
A
ray of light
B C
plane mirror
D

6 Aray of light is reflected by two parallel plane mirrors X and Y.

v mirror X
\

v mirror Y

Which statement is correct?
A The angle of incidence at mirror X is 30°.
The angle of incidence at mirror Y is 60°.

The angle of reflection at mirror X is 120°.

O O W

The angle of reflection at mirror Y is 0°.

T A - position
object of image
eye
What are the other characteristics of the image?
laterally inverted magnified virtual
(left to right) (larger than the object)
A no yes yes
B yes no no
Cc yes no yes
D yes yes no
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7 The diagram shows the image of a clock in a plane mirror. 10 An object placed in front of a plane mirror at O produces an image at 1.

O
°

e
1
What time is shown?
If the object moves towards the mirror in the direction

A 02:25 B 02:35 C 09:25 D 0935 shown by the arrow, in which direction does
the image move?
8 A plane mirror is on a wall.

Which is a correct description of the image formed by the mirror? O|

A the right way up and smaller than the object ' D

B the right way up and the same size as the object B C

C upside down and smaller than the object

D upside down and the same size as the object

A
9 The image of a clock face as seen in a plane mirror is shown. I
Sr 11 A girl writes the word LEFT on a piece of card

LEFT

She looks at the image of this card, made by reflection by a plane mirror.

What does she see?

A B Cc

What is the actual time on the clock?

1EET 7434 1431

A 125 B 1.35 C 10.25 D 10.35

TFEL
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12 A piece of paper has ‘PAL’ written on it.

A student holds the paper in front of a plane mirror.

back of
mirror

-

What does the student see?

A B C

PAL | | JA9 | | TVd

bVI

13 Aray of light strikes a plane mirror.

s

I~

j

mirror

What Is the angle of reflection of the ray?

A 150° B 90° Cc 60 D 30°

14 A paper-clip is placed in front of a plane mirror.

paper-clip plane mirror

Which diagram shows the image formed behind the mirror?

A B g )
[ a
™ - U

15 A student looks at the letter P on a piece of paper, and at its reflection in a mirror.

What does he see?

A B C

mirror mirror

=i

P/ /P

7%

paper

P/ /P
X

paper
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Reflection of light

1 A student looks into a vertical mirror to see the reflection of a burning candle.

Fig. 1.1 shows one ray of light being reflected by the mirror.

eye \: mirror
L
flame
candle
Fig. 1.1
(a) On the ray in Fig. 1.1, mark arrows to indicate the direction of travel of the light. [1]
(b) On Fig. 1.1, carefully mark the position of the image of the candle flame. [2]

(c¢) The candle is moved further from the mirror.
State what, if anything, happens to
(i) the position of the image

(ii) the size of the image.

[Total: 5]

2

A lamp in a large room is suspended below a horizontal mirror that is fixed to the ceiling. Fig. 2.1
is a scale diagram of the lamp and mirror.

reflecting surface of mirror

. ®

Fig. 2.1

lamp

An image of the lamp is formed by the mirror.

(a) (i) On Fig. 2.1, draw two rays from the centre of the lamp that strike the mirror. Use these
rays to locate the image. Label the image I. [3]

(ii) State two characteristics of this image.

L PP PPPPPPPP
2 PP SPPPPRPP
(2]

(b) Suggest an advantage of positioning a mirror above the lamp.
.............................................................................................................................................. 1]
[Total: 6]
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3

(a) A police car siren emits sound waves that vary in pitch. (ii) Explain, in terms of wave theory, what occurs as the wavefront strikes the boundary.

Tick two boxes that apply to the sound waves emitted by the siren.

electromagnetic

longitudinal

L2 LIS TR 2]

visible (iii) State whether there is an increase, a decrease or no change in the wavelength of the
wave after it strikes the boundary.

frequency 0.1=TOHZ e 1]

‘ 100-10000H (iv) The speed of the wave is 3.0m/s and its wavelength 7.0cm.

requency 100— z

Calculate the frequency of the wave.

frequency 100000—1 000000 Hz

(2]

(b) Fig. 3.1 is a top view of one wavefront of a water wave before it strikes a hard boundary

boundary freqUENCY = v [2]

[Total: 8]

direction of travel

of wavefront wavefront

Fig. 3.1

(i) Name the process that occurs as the wavefront strikes the boundary.
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4

Fig. 4.1 shows part of the path of a ray of light PQ travelling in an optical fibre. 5 (a) Asmall object S is dipped repeatedly into water near a flat reflecting surface.
Fig. 5.1 gives an instantaneous view from above of the position of part of the waves

Q produced.
reflecting
| surface
[ ]
S
R
Fig. 4.1 Fig. 5.1

On Fig. 5.1
PQ undergoes total internal reflection at Q. nre ’

. . ) . " o (i) put a clear dot at the point from which the reflected waves appear to come (label the
(@) Explain what is meant by total internal reflection, and state the conditions under which it dot R),

occurs.
(ii) draw the reflected portion of each of the three waves shown . [3]

(b) Fig. 5.2 shows a small object P in front of a plane mirror M.

................................................................................................................................................... M
............................................................................................................................................. [3] Pe
(b) Carefully complete the path of the ray of light, until it reaches the end R of the optical fibre.
2]
[Total: 5]
Fig. 5.2

On Fig. 5.2, carefully draw two rays that show how the mirror forms the image of object P.
Label the image .

[Total: 6]
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6

(a) Fig. 6.1 shows an object O placed in front of a plane mirror M. Two rays from the object to the
mirror are shown.

Fig. 6.1

(i) On Fig. 6.1, for one of the rays shown,

1.

2.

draw the normal to the mirror,

mark the angle of incidence. Label this angle X.

(ii) On Fig. 6.1, draw

1.

2.

the reflected rays for both incident rays,

construction lines to locate the image of O. Label this image 1.

(2]

(2]

(b) InFig. 6.2, circular wavefronts from a point source in a tank of water strike a straight barrier.

barrier

(@S

Fig. 6.2

(i) The reflected wavefronts seem to come from a single point.

On Fig. 6.2, mark a dot to show the position of this point. Label this point C.

(ii) Draw, as accurately as you can, the reflected circular wavefronts.
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[Total: 7]



7

Fig. 7.1 shows the path of a sound wave from a source X.

path of sound wave

Ye wall

Fig. 7.1

(a) State why a person standing at point Y hears an echo.

(b) The frequency of the sound wave leaving X is 400 Hz. State the frequency of the sound
wave reaching Y.
frequency = ..........cooeeee 1]

(c) The speed of the sound wave leaving X is 330 m/s. Calculate the wavelength of these
sound waves.

wavelength = ..., [2]
(d) Sound waves are longitudinal waves.

State what is meant by the term longitudinal.

(e) Fig. 7.2 shows two rays of light from a point O on an object. These rays are incident on a
plane mirror.

Fig. 7.2

(i) On Fig. 7.2, continue the paths of the two rays after they reach the mirror. Hence
locate the image of the object O. Label the image I. [2]

(ii) Describe the nature of the image 1.
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8

Fig. 8.1 shows an arrangement where a plane mirror is used in a shop to watch a display
counter. The arrangement is drawn to a scale of 1 cm: 1 m.

plane mirror

Pe wall

display counter

Fig. 8.1
(a) (i) State the law of reflection.

(i) On Fig. 8.1, draw rays to show how much of the display cannot be seen from P.
Indicate this by shading in the part that cannot be seen.

(3]

(b) By construction on Fig. 8.1 and by using the scale, calculate how far the mirror must be
moved so that all of the display counter can be seen from P.

distance moved = .......ccocceiiiiiiiiiiee e [2]

(c) State the characteristics of an image seen in a plane mirror.
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3 The diagram shows a ray of light travelling in a substance P. What is the speed of light in the glass?
The rgy reaches a bpundary with a substance Q. A 18x10°m/s
Total internal reflection occurs at the boundary.

Refraction and dispersion of light MCQ
2.0x10%m/s

B
substance P | substance Q C 45x10°m/s
D

1 Light waves pass from air into glass and are refracted. 50x10%m/s

What always remains constant when this happens? normal
5 The diagram shows light passing from

33° plastic material placed in air is 37°.
What is the speed of light in the plastic material?

A diecton NN air into glass. Two angles p and g are marked.
B frequency normal
I
C speed :
| boundary !
D wavelength ray of [X
light | air
2 The diagram shows a ray of light inside a glass rod . ! glass
The critical angle for the light in the glass is 42°. Which row contains correct statements about iq
angle X and about the optical density of substance Q?
normal surface of !
air ray of light v glass rod |
; angle X substance Q Which pare of equations can both be used
I . . D)
400: A smaller than the critical angle less dense than substance P to caleulate the refractive index n of the glass?
B smaller than the critical angle more dense than substance P A speed of light in air sinp
n = , n = _
glass rod C greater than the critical angle less dense than substance P speed of lightin glass sing
Which row shows what happens to the light D greater than the critical angle more dense than substance P B _ speed of lightin glass e sinp
when it reaches the surface of the glass rod? speed of lightinair sing
4 Light travelling at a speed of 3.0 x 10®°m/s o .
liaht liaht strikes the surface of a glass block and C n-= speed of light in air ., n= sing
an an ight i i
reflgclgd? refr)::\cltged? undergoes refraction as it enters the block. speed of lightin glass sinp
A no no : D n= speed of Ilqht |n'gla.ss Con= s!n q
! speed of light in air sinp
B no yes 55%
c ! 6 The speed of light in airis 3.0 x 108m/s.
yes no :
| _|_—glass block
D yes yes i The critical angle for light in a transparent
I

A 1.8x10°m/s

8
The diagram shows a ray of this light B 24x10"m/s

before and after it enters the block. C 38x10®m/s

168 D 50x10°m/s



7 The diagram shows light travelling from air
into glass.

Four angles v, w, x and y are shown.
normal

light L

air AN

glass

Which formula is used to calculate
the refractive index n of the glass?

sinv sinv
A n=— B n=—
siny sin x
sinw sinw
C n=— D n=—
siny sin x

8 The diagram shows light passing from air
into glass.

air | glass

NOT TO
SCALE

The glass has a refractive index of 1.5.

What is the angle of refraction in the glass?

A 19°
C 35°

B 22°
D 49

9 Light enters a glass block at an angle of
incidence of 46°.
The light refracts at an angle of refraction of 26°.

What is the refractive index of the glass?

A 0.57 B 0.61

C 164 D 1.77
10 Which diagram shows what happens when a
ray of white light passes through a prism?

A B

white

hit
light whte

light spectrum

spectrum

c D
spectrum

white .
h white
light light
spectrum

11 Light travels in a vacuum and then enters a glass block.
The speed of the light in the glass block is 2.0 x 10 m/s.

Which statement about the speed of light is correct?

A The speed in a vacuum is 1.5 times the speed in the glass.
The speed in the glass is the same as the speed in a vacuum.

B
C The speed in the glass is 1.5 times the speed in a vacuum.
D

The speed in the glass is 1.0 x 108 times the speed in a vacuum.

169

12 The diagram shows a ray of light passing through

a semicircular glass block into air.

ray of
light

Which row gives correct name for angle P
and states how angle P compares with
the critical angle?

name of angle P

angle P compared with
the critical angle

O o0 m >

angle of incidence
angle of incidence
angle of refraction

angle of refraction

larger than the critical angle
smaller than the critical angle
larger than the critical angle

smaller than the critical angle




13 A teacher demonstrates the dispersion of white
light using a triangular glass prism.

Which diagram shows how this dispersion happens?

16 Which statement describes monochromatic light?

19 A man sees a stone at the bottom of a pool of water.

spectrum
spectrum

white

14 Light passes along an optical fibre.

What happens to the light within the fibre?

A diffraction

B dispersion
C refraction
D

total internal reflection

A B
white white
light light
prism

white

I
I
|
light light :
air |
prism E
A |
I
B
segotrum spectrum . . . ) )
18 Which diagram shows total internal reflection of light?

15 Light has a speed of 1.24 x 108 m/s in diamond.

What is the refractive index of diamond?

A 041 B 154
C 242 D 3.72

A light that does not diffract Which path could be taken by light from the stone to the man?
B light that has a single frequency

C light that spreads out when shone through a glass prism

D light that travels at the same speed in all materials man

17 The diagram shows a ray of light incident on
the edge of a piece of glass.

The angle i is bigger than the critical angle.

Which arrow correctly shows the direction of
the ray after it leaves the edge of the glass?

normal
ray of l
light / D
\ c

}

glass

20 Aray of light passes through a window.

Which path does it take?
B (o D
mirror

A
. glass prism ; ;
/ T~ air glass air B
C
D

A 4
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1

Refraction and dispersion of light

(a) Aray of lightin glass meets a boundary with air.

In Fig. 1.1, the three diagrams X, Y and Z each show a different angle of incidence for the ray.

glass | air
ray

glass | air

Y

Fig. 1.1

glass

(i) Write down the letter of any diagram, X, Y or Z, in which the ray undergoes

1. refraction,

2. total internal reflection.

air

2]

(i) On Fig. 1.1, use the letter C to mark the critical angle for light at the glass-air boundary

(1]

(b) Water waves move more slowly in shallow water than in deep water.

Fig. 1.2 shows wavefronts of a wave in deep water meeting the boundary with some shallow

water.

deep
water
(fast)

1
wave moves 5 \
in this
direction
3 \
wavefronts

Fig. 1.2

shallow
water
(slow)

(i) Using your ruler, carefully complete the wavefronts 1, 2 and 3, showing their possible
positions in the shallow water where they move more slowly. [3]

(ii) Tick the one box that describes what is happening at the boundary.

diffraction

echo

refraction

total internal reflection

171
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[Total: 7]



2 (a) Explain what is meant by

(i) Show that the critical angle for the glass-air boundary is 42°.
(i) total internal reflection,

....................................................................................................................................... [1]
(ii) critical angle.
........................................................................................................................................... (1]
....................................................................................................................................... (1] (i) On Fig. 2.1, draw carefully, without calculation, the continuation of the ray through the
prism and into the air. [3]
(b) Fig. 2.1 shows a ray of light, travelling in air, incident on a glass prism.
[Total: 8]

60°

Fig. 2.1
(i) The speed of light in air is 3.0 x 108m/s. Its speed in the glass is 2.0 x 108m/s.

Calculate the refractive index of the glass.

refractive iINdeX = .....cooiiiiii e [2]
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3 (a) Aray of red light passes through a glass block, as shown in Fig. 3.1. 4 (a) Fig. 4.1 represents a wave in a water tank. Five distances are shown, labelled A, B, C, D and E.

air

\

ray of red light

Fig. 4.1
Fig. 3.1 (i) 1. Which property of the wave is represented by distance C?
(i) On Fig. 3.1, clearly label the angle of refraction. 8 OO UP RSP RPPPRRRPPR [1]
(i) State the name given to the dashed line drawn at 90° to the boundary. 2. Which of the labelled distances represents the wavelength of the wave?
...................................................................................................................................... [1] e [1]
(b) A roadside reflector is made of plastic. It reflects the light from car headlamps. (i) Water waves are transverse waves.

Fig. 3.2 shows part of the path of a ray of light through the reflector. State another example of a transverse wave.

e e e eeeee et —eeeeeteeeetteee——aaeeteeeeteeee———aeteeeeeteeet—————aaaeteteeter——————raeaerernnn_. 1
\ A roadside ]

45°¥ reflector (iii)

The speed of the wavefronts is 7.5¢cm/s.

Calculate the distance moved by a wavefront in 4.0s.

457

Fig. 3.2
The critical angle for the plastic is less than 45°.

(i) On Fig. 3.2, complete the path of the ray of light. [1] distance = ... cm [2]

(ii) State the term used to describe this type of reflection.

[Total: 5]
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(b) Fig. 4.2 shows, from above, a wave travelling on water .

. /shallow water
N
h N
water .
tank .

B [
deep—"| - N
water direction of .

travel of wave N
wavefront
Fig. 4.2

The wave has reached an area of shallow water, where it travels more slowly.

(i) Complete the diagram to show the wavefronts in the shallow water. [3]

(ii) State the term used to describe what happens to the wave as it enters the shallow water.

[Total: 9]

5

(a)

174

(i) Aray of light passes through a length of curved optical fibre.

Draw a diagram showing the fibre and the path of the ray of light.

(ii) Describe one use of optical fibres in medicine. You may draw a diagram.

(1]



(b) Draw a straight line from each wave on the left to the most appropriate speed. 6 (a) Fig. 6.1 shows a protractor superimposed on the path of a ray of light. The light is travelling in
glass towards the boundary with air.

90m/s air
(9 x 10) 3 S
el o < E glass
\: <~ sl -
o 6000m/s “\o J/°
light in air (6 x 10°) ) °‘0 &
©
SN g
100000m/s AN
(1 x 109) % 09 0
microwaves in 0=~ 08
/A
a vacuum 01y 00} 06 o8 oL
1000000m/s o
(1 x 10°) incident ray
sound in steel 300000000m/s
(3x 109 Fig. 6.1
60000000000m/s (i) Use the protractor to measure the angle of incidence of the ray of light at the boundary
(6 x 1010) with the air.
3] angle of iINCIdeNCEe = ..o [1]
(c) The refractive index of a block of glass is 1.5. (ii) The refractive index of the glass is 1.56.
Use your value for the speed of light from (b) to calculate the speed of light in this block. Calculate the angle of refraction in the air.
SPEEA = e [2]
[Total: 9]
angle of refraction = ... [3]

(b) (i) State what is meant by critical angle.



7
(ii) Calculate the critical angle of light in glass of refractive index 1.56.

critical angle = ... [2]
(c) Fig. 6.2 shows a water wave crossing a boundary from shallow water to deep water.

new wave
direction

original
wave v
direction A
//
, deep
/ water
/
/I
shallow
water
Fig. 6.2

(i) Name the process that takes place at the boundary between the shallow water and the
deep water.

................................................................................................................................ 1]

(ii) Tick one box corresponding to the property of the wave that is the same in the shallow
water as in the deep water.

|7 amplitude

r wavelength
(1]

[Total: 9]

The refractive index n of glass in air is 1.5.

@) (i) Steéte the equation that relates the speed of light in air v,, the speed of light in glass Vg
and n.

(ii) The speed of light in air is 3.0 x 108m/s.

Calculate the speed of light in glass.

(b) Light travelling in glass strikes the edge of the glass. Fig. 7.1 shows a ray of light at an angle

of 41° to the normal.
normal

air

glass

Fig. 7.1
(i) The light passes from the glass into the air.

Calculate the angle that the ray makes with the normal in the air.

(ii) State what happens to light that strikes the edge of the glass at an angle to the normal
much larger than 41°.



(c) Describe one example of how optical fibres are used in medicine.

[Total: 7]

8 (a) Ablock is made from a particular type of glass. _
Fig. 8.1 shows light passing from air into the glass block

(b) State one application of optical fibres. Draw a diagram that shows how an optical fibre is used

i
I
° I
29 | air
i glass
133° NOT TO
SCALE
Fig. 8.1
Using information from Fig. 8.1, calculate
(i) the refractive index of light in this type of glass,
refractive iNdex = ......oooiiiii [3]
(ii) the critical angle for light travelling in this type of glass.
critical angle = ... [2]

in this application.

[Total: 8]
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Lenses MCQ

1 An object is placed in front of a converging lens. The lens has a focal length f.

The lens produces a real, enlarged image of the object.

In which labelled position is the object placed?

lens

Ji

2f

2 A student draws a diagram representing three rays of light from point P

passing through a converging lens.

Each point labelled F is a principal focus of the lens.

lens

ray X

-n

v

ray Y

ray Z

Which of the rays has the student drawn correctly?

A rayXandrayY
B rayXandrayZ
C rayYonly
D rayZonly

3 Animage is formed by a plane mirror. A second image is formed by a lens
used as a magnifying glass.

Which row states the nature of each of these images?

plane mirror magnifying glass
A real real
B real virtual
(o8 virtual real
D virtual virtual

4 The diagram shows a converging lens forming an image of an object.

~
~ ~
~ =~

T
\\\\\
~~
X% ~

~ \\\
~ ~
~ ~

image

Which statement about the image is correct?
A ltis real and can be seen by an eye at X.
B Itis real and can be seen by an eye at Y.
C ltis virtual and can be seen by an eye at X.
D

It is virtual and can be seen by an eye at Y.

object

A converging lens is used as a magnifying glass
to view an object.

Which statement is correct?

A

B
Cc
D

The image is inverted.

The image is nearer the lens than the object.

The image is the same size.

The image is virtual.

178

v\ A

6 The incomplete ray diagram shows two rays of light
that have passed from one point on an object

through a thin converging lens.

left

lens

object

A

rays of
light

Which type of image is formed, and
on which side of the lens is it formed?

type of image

which side of lens

[ 2 o T v+ B

real
real

virtual

virtual

on the left
on the right
on the left

on the right




7 A converging lens is used to make 8 Which diagram shows how an image of an object is formed on a screen by a converging lens?
an image on a screen.

screen A B
converging 10 The points labelled F are the principal foci of a lens.
lens 2 x focal length 2 x focal length A beam of parallel light is incident on the lens.
image | Which diagram shows the path of the light after
ﬁ |—IMmag ; i it passes through the lens?
formed i
candle here i i
object \I
ﬁ A
' F
I
What type of image is formed on the screen? !
A real and inverted screen screen
B real and upright
i i B
C virtual and inverted C D F F
D virtual and upright
focal length focal length
I
I
I C Py Py
F
N
object\é
I
I
D Py
F F
screen screen

9 The diagram represents a converging lens forming an

image of an object.
converging lens

object

A
Q R S

P
Which distance is the focal length of the lens? image
A PQ B PR C QR D QS
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11 A student draws three rays of light from point P through
a converging lens.

Each point labelled F is a principal focus of the lens.

=} > A ray X

ray Z ray Y
Which of the rays are drawn correctly?

A rayY only

B ray Zonly

C rayXandrayY

D rayXandrayZ

12 A converging lens in a projector is used to make an enlarged image of a small piece of film on a
screen.

At which labelled point could the piece of film be placed so that the lens produces this image?

focal length converging lens
of lens
A B Cc D
- ———-—- —--—— 00— —- 0 ———-—- - — ——— = — —
2 x focal

length of lens

screen

13

A thin converging lens is used to produce, on a screen,
a focused image of a candle.

screen

image

Various focused images are produced on the screen by
moving the lens and the screenbackwards and forwards.

Which statement is always correct?

A
B
C
D

The image is at the principal focus (focal point) of the lens.
The image is bigger than the object.
The image is closer to the lens than the object is.

The image is inverted.

14 Which diagram correctly shows rays of light passing through a converging lens in a camera?

object

object
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A B
camera camera
O O
v Nimage object
lens lens
O O
C D
camera camera
. bj
~image object
lens lens

image

~image




15 The diagram shows the path of a ray

of light passing through a principal focus F of a lens.

Which broken line shows the direction of the

ray after it leaves the lens?

lens

16 Two thin converging lenses X and Y are used as
shown to give a focused image of an illuminated

slit. The rays shown are parallel between X and Y.

X

|/S
source

of light ‘

Y

17 The ray diagram shows how an image is formed

by a converging lens.

30cm

What are the correct values for the focal lengths of X and of Y?

focal length focal length
of X/cm of Y/cm
A 50 35
B 30 20
Cc 30 15
D 20 20

24cm 10cm L 8em
i ' o
: | |
| | |
| | |
| l l
I | |
|
l
|
I |
|
|
What is the focal length of this lens?
A 8cm B 10cm C 18cm D 24cm

18 Three rays of light fall on a converging lens as shown

R

lens

Which diagram shows the path of the rays
after passing through the lens?

A

B
+
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19 Rays of light enter and leave a box.

ray 1 —————
———— ray 1

ray 2 ————
—>—— ray 2

What could be inside the box to make the rays behave as shown?
A aconverging lens
B a parallel-sided glass block
C a plane mirror
D

a triangular prism

20 A thin converging lens is used to produce, on a screen,
a focused image of a candle.

screen
—— image

candle

The screen and the lens are moved back and forth and
various focused images are produced on the screen.

Which statement is always true?

A The image is at the principal focus (focal point)
of the lens.

The image is bigger than the object.

B

B
C Theimage is closer to the lens than the object is.
D

The image is inverted.



Lenses

1 Fig. 1.1 is a ray diagram representing two rays passing through a converging lens. 2

Fig. 2.1 shows an object and its image formed by a converging lens. One ray from the tip of the
object to the tip of the image is shown.

Fig. 2.1 is drawn full size.
lens
A >
object
B . j
X Y
N
c - image
Fig. 1.1
(a) State which of the labelled points is a principal focus of the lens. ... 1] Fig. 2.1
(b) State which of the distances BX, XY, YZ or XZ is the focal length of the lens. ............... [1] (a) Place a tick (v/) in all boxes that correctly describe the image.
(c) On Fig. 1.1, draw another ray from point A to locate the image of point A. Label this image I. diminished
(3]
. o . : : enlarged
(d) On the ray diagram in Fig. 1.1, the refraction is shown occurring at the centre line of the lens.
inverted
State where the refraction actually occurs.
upright
real
............................................................................................................................................... [1]
virtual
[Total: 6]

2]

(b) On Fig. 2.1, draw a ray, passing through a principal focus of the lens, from the tip of the object

to the tip of the image. Label the principal focus F. [1]

(c) Use the ray you have drawn in (b) to determine the focal length of the lens.

focal length = ..o [1]

(d) Draw another ray, not passing through a principal focus of the lens, that passes from the tip

of the object to the tip of the image. [1]

[Total: 5]
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3 (a) Fig. 3.1 represents an object O placed in front of a converging lens.

4 (a) Fig. 4.1 shows a convex lens being used to produce an image of an object.

ST~
~ ~
I S~ \\\
\\‘ \\
O‘
P Q R S
Fig. 3.1

(i) State a full description of the image I.

principal
focus

image

Fig. 4.1

(i) Place three ticks in the table that describe this image.

...................................................................................................................................... [2]

(i) Using the letters on Fig. 3.1, identify the focal length of the lens.
...................................................................................................................................... [1]
(iii)  On Fig. 3.1, draw an eye suitably placed to view the image I. [1]

(b) Fig. 3.2 shows an object O placed to the left of a converging lens. A principal focus of the lens
is at the position marked F.

I
I
o I
I
|
| F
I
I (i)
I
Fig. 3.2
(i) On Fig. 3.2, draw two rays to locate the image of object O. Draw the image
(ii) On Fig. 3.2, draw one other ray from the upper tip of O to the image.
(4]
[Total: 8]
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can only be formed on a screen

diminished

enlarged

inverted

real

same size

upright

virtual

On Fig. 4.1, mark a letter E to indicate a possible position for an eye to be placed to
observe this image.

(iii) State an application in which a convex lens is used in this way.

(3]



(b) In the space below, draw a ray diagram to locate the image of an object of height 1.0cm 5 (a) Aray of lightin air is incident on a glass block. The light changes direction.
placed 5.0cm from a convex lens of focal length 2.0cm. Draw your diagram full size. You are
advised to locate the lens roughly in the centre of the space. Label the image. State

(i) the name of this effect,

....................................................................................................................................... [1]
(ii) the cause of this effect.
....................................................................................................................................... [1]
(b) Fig. 5.1, drawn to full scale, shows a thin converging lens of focal length 3.5cm.
A
o) i
(3]
[Total: 8]
11
\1]
1-°°m1 &E e
] [TT]
- .
1.0cm Fig. 5.1
(i) Determine the height of the image.
(i) On Fig. 5.1, mark each of the two principal focuses and label each with the letter F.  [1] g (]
(ii) An object O of height 4.4cm is placed a distance of 7.5cm from the lens. (iv) State and explain whether the image is real or virtual.
On Fig. 5.1, draw rays from the tip of the object O to locate the image. Draw and label
the image. 3]
....................................................................................................................................... [1]
[Total: 8]



6

A glass, converging lens is used as a magnifying glass to observe a red ant. (b) (i)

(a) Fig. 6.1 shows the lens, the principal axis, and the two principal focuses F, and F,.

principal axis

lens

(i)
Fig. 6.1

(i) 1. On Fig. 6.1, mark a point on the principal axis, labelled A, to indicate a suitable
position for the ant.

2. On Fig. 6.1, mark a point on the principal axis, labelled E, to indicate a suitable
position for the observer’s eye.

(1]
(ii) Tick one of the boxes to indicate where, on the principal axis, the image of the ant is
located.
to the left of F,
between F, and the lens
within the lens

between the lens and F,

to the right of F,,

(1
(iii) Underline two words in the list that describe the image produced by the magnifying
glass.
diminished inverted real upright virtual

(2]
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The red light from the ant passes into the lens.
As the light enters the lens, state what happens to

1. its wavelength,

2. its frequency.

air.

[Total: 7]



(a) Fig. 7.1 shows a ray of light in water that is incident on a submerged, transparent plastic
block.

water

plastic

Fig. 7.1
State what happens to the speed of light as it enters the plastic block. Explain your answer.

(b) Fig. 7.2 shows the two principal focuses F, and F, of a thin converging lens.

Fig. 7.2 also shows an object O of height 1.2cm placed close to the lens. Two rays from the
tip of the object O are incident on the lens.

(i)

(i)

(iif)

(iv)

On Fig. 7.2, continue the paths of these two rays for a further distance of at least 5cm.

(2]

Using your answer to (b)(i), find and mark on Fig. 7.2 the image I of object O and label
this image. (2]

Determine the height of image L.

[Total: 8]

1.0 ch

1.0cm Fig. 7.2
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8

(a) Fig. 8.1 is a ray diagram of a convex lens being used as a magnifying glass to produce a

virtual image.

On Fig. 8.1,
(i) label the object O,
(ii) label the image I,

(i) label a principal focus F,

(iv) put arrows on the two rays to indicate their directions.

[4]

(b) Fig. 8.2 shows a ray of light in air incident on an interface with glass. The refractive index of
glassis 1.5.

glass

air

incident ray

Fig. 8.2

On Fig. 8.2, accurately draw the ray as it travels in the glass. You will need to take a
measurement from Fig. 8.2 and carry out an appropriate calculation. Show your working.

(3]

[Total: 7]
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Electromagnetic spectrum MCQ

1 Which type of electromagnetic wave is
used in airport security scanners?

A infra-red

B microwaves
C radio waves
D X-rays

2 An intruder alarm sensor detects that a
human is warmer than his surroundings.

Which type of electromagnetic wave does
the sensor detect?

A infra-red
B radio

C ultraviolet

D visible light

5 The diagram shows the electromagnetic spectrum.

y-rays

X-rays

ultraviolet

visible light

infra-red

microwaves

radio
waves

increasing

A word is missing from the label below the spectrum.
Which word is missing?

A amplitude

6

3 The diagram represents the electromagnetic spectrum

Some regions have been labelled, and some labels are missing.

Which region should be labelled as infra-red waves?

Radiation from which part of the electromagnetic

B

frequency

C speed

D wavelength

spectrum is used in the remote controller for a
television?

A

B
C
D

infra-red waves
microwaves

radio waves

ultraviolet waves

radio
waves

visible
light

y-rays

4 Which group contains only electromagnetic waves?

A light waves, radio waves, y-rays

B light waves, radio waves, sound waves
C light waves, sound waves, y-rays

D radio waves, sound waves, y-rays

7 Which part of the electromagnetic spectrum
is used to send television signals
from a satellite to Earth?

A infra-red

B microwaves

C ultraviolet

D visible light

188

8  Which description applies to infra-red radiation?

A longitudinal and electromagnetic

longitudinal but not electromagnetic

B
C transverse and electromagnetic
D

transverse but not electromagnetic

9  Which row shows the natures of light waves,
sound waves and X-rays?

light waves sound waves X-rays
A longitudinal longitudinal transverse
B longitudinal transverse longitudinal
Cc transverse longitudinal transverse
D transverse transverse longitudinal

10 Visible light has a frequency of approximately 5.0 x 10" Hz.

M and N are two other types of electromagnetic radiation.
The frequency of M is 5.0 x 10°Hz.

The frequency of N is 5.0 x 10" Hz.

Which types of radiation are M and N?

M N
A radio waves infra-red
B radio waves ultraviolet
Cc ultraviolet X-rays
D X-rays infra-red




Which type of wave cannot travel through a vacuum?
A infra-red radiation
microwaves

sound waves

O O W

X-rays

18 Which statement is correct about the
speed of electromagnetic waves in a vacuum?

11 The table gives common uses for three types of electromagnetic wave. 15 The diagram shows radiation from 17
Which row correctly identifies the waves? a lamp passing through a prism.
. . terrestrial television | television remote screen
satellite television ;
(not satellite) controllers prism
. . . P
A infra-red waves microwaves radio waves red light
B microwaves radio waves infra-red waves
(o8 radio waves infra-red waves microwaves
. ) ) o violet light
D radio waves microwaves infra-red waves radiation from
lamp
12 Infra-red waves, microwaves, r'clzdio. waves and sound
wa\{es are all used for communlcqtlons. . Which type of radiation is found at P?
Which waves travel at the same high speed in a vacuum?
. . . A y-rays
A infra-red waves, microwaves and radio waves B
. . B infra-red
B infra-red waves, microwaves and sound waves c
C ultraviolet
C infra-red waves, radio waves and sound waves D
D X-rays
D microwaves, radio waves and sound waves y
13 What s th it of lenath? 16 Light from the Sun passes through a prism
at s the unit of wavelength+ and a spectrum is produced on a screen.
A  hertz screen
B metre
narrow slit
C metre per second
D second
light from reg
the Sun \
14 Which row correctly describes light waves and radio waves? violet

light waves radio waves
A longitudinal longitudinal
B longitudinal transverse
Cc transverse longitudinal
D transverse transverse

A thermometer placed at P shows a large temperature rise.

Which type of radiation causes this?

A
B
Cc

w)

infra-red
microwave
ultra-violet

visible light
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Ultra-violet waves have the greatest speed.
Visible light waves have the greatest speed.
Infra-red waves have the greatest speed.

All electromagnetic waves have the same speed.



19 Which diagram shows the correct order of

the waves in the electromagnetic spectrum" 20 A student shines a narrow beam of white light into a prism as shown in the diagram. He sees a

spectrum of colours emerging from the prism.

visible
~infra ultra
radio red violet  X-ray
A
X
narrow beam
oo Y spectrum
- - of white light
—— increasing wavelength z  of colours
o Which three colours does he see at X, at Y and at Z?
visible
. Ultra infra X Y z
radio violet red  X-ray
‘ A blue yellow red
B
B red blue yellow
—» increasing wavelength ¢ red yellow blue
D yellow red blue
visible
ultra infra .
X-ray violet red radio
C
———» increasing wavelength
visible
infra ultra _
X-ray red violet  radio
D

—— increasing wavelength
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Electromagnetic spectrum ray of 1S
1  Fig. 1.1 represents the electromagnetic spectrum. red light i
i : : i ultra- 1+ visible ' : radio
y-rays : X-rays ' violet ! light ! . . waves W
Fig. 1.1 45°
(a) Identify one feature that is the same for all radiations that form the electromagnetic spectrum.
Fig. 2.1
The critical angle for the glass is 42°.
.............................................................................................................................................. [1]
On Fig. 2.1, draw the path of the light through the prisms. [4]

(b) Fill in the blank spaces between visible light and radio waves by adding the names of the

radiations. [2]
(b) Visible light is one region of the electromagnetic spectrum, as represented in Fig. 2.2.

(c) State the radiation that has the shortest wavelength.

radio microwaves infra-red visible ultraviolet
.............................................................................................................................................. [1] waves waves light waves
(d) (i) Describe a common use of X-rays. long wavelength short wavelength
........................................................................................................................................... Fig. 2.2
(i) Two regions of the electromagnetic spectrum are missing from Fig. 2.2.
...................................................................................................................................... [1]
State the name of the missing region with the longer wavelength.
(ii) State a precaution taken by those who work with X-rays.
....................................................................................................................................... [1]
(ii) Aninfra-red sensor is fitted into a room as part of an intruder alarm system.
...................................................................................................................................... [1]
Explain how the sensor detects a person in the room.
[Total: 6]
2 (a) A student arranges two 45° prisms as shown in Fig. 2.1. He aims a ray of red light to hit the oo [2]
surface of one of the prisms at 90°.
(iii) State two properties that are the same for all electromagnetic waves.
L PSPPSR RTRORRURTN
2P TS U PSPPSR
(2]

[Total: 9]
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3 (a) Describe the use of X-rays in a security application. Include a diagram.

(b) Draw a straight line from each wave to the most appropriate speed.

300m/s
(3 x10?)

radio waves
in air

6000m/s
(6 x 10%)

ultrasound
in air

1000000m/s
(1 x 109)

300000000m/s
(3 x 109)

X-rays in
a vacuum

60000000000m/s
(6x10")

192

1000000000000m/s
(1x10%)

(3]

[Total: 6]



4

(a) The following list contains the names of types of energy transfer by means of waves. 5

y-rays, infra-red, radio/TV/microwaves, sound, Vvisible light,  X-rays

(i) Which one of these is not a type of electromagnetic wave?

(ii) State the nature of the wave you have named in (a)(i).

(iif)

The remaining names in the list are all regions of the electromagnetic spectrum, but one
region is missing.

Name the missing region.

(b) A television station emits waves with a frequency of 2.5 x 108Hz. Electromagnetic waves
travel at a speed of 3.0 x 108m/s.

Calculate the wavelength of the waves emitted by this television station. State the equation
you use.

wavelength = ... [3]

In alphabetical order, some major regions of the electromagnetic spectrum are

gamma,
infra-red,
radio,
ultra-violet,
visible,
X-rays.
(a) List these regions in order of decreasing wavelength. The first one has been filled in for
you.
longest wavelength ....................... I’adIO .....................
shortest wavelength ...,
(2]
(b) Where in this list would you insert microwaves?
...................................................................................................................................... [1]

(c) A microwave oven is one device that makes use of microwaves.

Explain why the design of microwave ovens must include effective screening, so that
microwaves do not escape.

[Total: 5]
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6

(a) Circle two of the following that apply to an ultrasound wave travelling in air. 7
frequency 3.5Hz frequency 350 Hz frequency 35000 Hz longitudinal
transverse speed 1.5m/s speed 1.5 x 108m/s speed 1.5 x 108m/s

(2]

(b) Calculate the wavelength in a vacuum of X-rays of frequency 1.3 x 10" Hz.

wavelength = ... [3]

(c) A dentist takes an X-ray photograph of a patient’s teeth. Explain why it is safe for the patient
to be close to the source of X-rays, but the dentist must stand away from the source.

[Total: 9]

Fig. 7.1 shows the parts of the electromagnetic spectrum.

T Vv T
1 i 1
y-rays and X -rays 1 ultra- S| infra- radio
1 violet é red 1 waves
1 | 1
1 e 1
Fig. 7.1

(a) Name one type of radiation that has

(i) ahigher frequency than ultra-violet,

(b) Some y-rays emitted from a radioactive source have a speed in air of 3.0 x 108m/s and
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a wavelength of 1.0 x 1072 m.

Calculate the frequency of the y-rays.



8

Fig. 8.1 shows the regions of the electromagnetic spectrum. Two regions have not been
named, and there is an enlargement of the visible region.

radio micro- visible ultra-  X-rays
waves waves violet
1 1 1 1
1 1 | 1 1
X X X M
S \
/ \
/ \
// '
/ \\
/// \\
/ \
7 \
/ \
visible
L M
Fig. 8.1
(a) Inthe two boxes on Fig. 8.1, write the names of the regions they are indicating. [2]

(b) State the name of the colour of the light that is found
(i) atthe end L of the visible SPECIIUM, ........coviiiiiiiiie e

(ii) at the end M of the visible SPECIIUM. ........cooiiiiiiiiii e
(2]

(¢) (i) A man stands in the beam of light from a spot-lamp and finds that it makes him feel
warm.

Which radiation, other than visible, does this observation show that the spotlight is
emitting?

(2]
(d) State one property, apart from their electromagnetic nature, that is the same for
the radiations in all the regions of the electromagnetic spectrum.
...................................................................................................................................... [1]
[Total: 7]
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1. Tricky MCQ for Motion (D) 1,020 m

(E) 1,590 m
Kinematics

64. A place kicker kicks a football at a velocity of 10.0 m/s from a tee on the
ground at an angle of 30° from the horizontal. Approximately how long

61. A 10-g penny is dropped from a building that is 125 m high. The penny is will the ball stay in the air?

initially at rest. Approximately how long does it take the penny to hit the

ground? (A)0.0s
(A)3.2s (B)0.6s
(B)4.5s (C)0.8s
(C)10s (D)1.0s
(D) 15s (E)1.8s
(E)20s

65. This graph depicts the motion of an object. During which time interval is
the object at rest?

612. A car in a drag race started from rest and accelerated constantly to a
velocity of 50 m/s when it reached the end of a 500-m road. What was the
car’s rate of acceleration?

(A) -5.0 m/s?

(B) —2.5 m/s?

(C) 0.5 m/s? 3
(D) 2.5 m/s?

(E) 5.0 m/s?

63. An airplane is flying horizontally at a velocity of 50.0 m/s at an altitude of
125 m. It drops a package to observers on the ground below.
Approximately how far will the package travel in the horizontal direction

from the point that it was dropped? (A)0-2s
(A) 100 m (B) 2-3 s
(B) 159 m (C)3—4s
(C) 250 m (D) 4-7 s
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(E) 7-10's height?

(A) t=vdvg
66. A car is traveling at an unknown velocity. It accelerates constantly over
5.0 s at a rate of 3.0 m/s? to reach a velocity of 30 m/s. What was the (B) t=Ayfa
original velocity of the car? (C) t=al(-vp)
(A) 1.0 m/s (D) t=a/Ay
(B) 5.0 m/s (E) t = (-vp)/a
(C) 10 m/s
(D) 15 m/s 7'0. [For Physics C Students Only] The position of an object can be described
(E) 20 m/s by the function, x(t) = 4t> + 6 t + 2. The units of t are in s and the units of x

are in m. At 4 s, what is the direction and speed of the object?

67. A plane takes off from rest and accelerates constantly at a rate of 1.0 m/s (A) 30 m/s in the original direction of motion

for 5 min. How far does the plane travel in this time? (B) 38 m/s in the original direction of motion

(A) 15 km (C) 0 m/s

(B) 30 km (D) 38 m/s opposite the original direction of motion
(C) 45 km (E) 90 m/s opposite the original direction of motion
(D) 90 km

7'1. On an airless planet, an astronaut drops a hammer from a height of 15 m.
The hammer hits the ground in 1 s. What is the acceleration due to the
gravity on this planet?

(E) 150 km

68. You drop a stone down a well and hear the echo 8.9 s later. If it takes 0.9 s

- for the echo to travel up the well, approximately how deep is the well? (A) 10 m/s?
(A) 40 m (B) 15 m/s?
(B) 320 m (C) 20 m/s?
(C) 405 m (D) 25 m/s?
(D) 640 m (E) 30 m/s?
(E) 810 m
72. A car uniformly accelerates from rest at 3.0 m/s*> down a 15-m track. What
69. If you throw a ball straight up into the air, which of the following is the car’s final velocity?
expressions represents the time at which the ball reaches its maximum (A) 30 m/s
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(B) 90 m/s (D) Three-fifths of the total time in the air

(C) 150 m/s (E) Three-fourths of the total time in the air
(D) 450 m/s
(E) 900 m/s 75. A boy drops a stone from a cliff and counts the seconds until the stone hits
the base. He counts 3 s. About how high is the cliff?
7'3. [For Physics C Students Only] An object’s position with time is depicted (A)3m
in this graph. Based on that graph, at which time points will the object’s (B) 10 m
velocity be zero?
(C) 15m
= (D) 45 m
3.00 - (E) 90 m
2.50 -
£ 200 7'6. A boy is riding a bicycle at a velocity of 5.0 m/s. He applies the brakes and
% 1504 uniformly decelerates to a stop at a rate of 2.5 m/s?>. How long does it take
100 for the bicycle to stop?
0.50 4 (A)0.5s
0.00 | | | | ] | | | (B)1.0s
0 0.5 1 15 2 2.5 3 3.5 4 (C)1.5s
t(s)
(D)2.0s
(A)Osand2s (E)2.5s
(B)Osand 4 s
(C)lsand?2s 77. A police officer finds 60 m of skid marks at the scene of a car crash.
(D)1sand3s Assuming a uniform deceleration of 7.5 m/s® to a stop, at what was the
initial velocity that the car was traveling when it started skidding?
(E)2sand 4s (A) 20 m/s
74. At what time point does a projectile that is launched at an angle from the (B) 30 m/s
ground reach its maximum height? (C)45 m/s
(A) One-fifth of the total time in the air (D) 60 m/s
(B) One-fourth of the total time in the air (E) 90 m/s

(C) One-half of the total time in the air
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7'8. The velocity—time graph of an object’s motion is shown in this graph. At 80. From rest, a ball is dropped from the top of a building. It takes 4 s to hit
10 s, what is the object’s displacement relative to the initial time? the ground. Approximately how tall is the building?

2.5 (A)40 m
(B) 90 m
(C) 100 m
(D) 160 m
(E) 200 m

Velocity (m/s)

Time (s)

(A)3m
(B)6m
(C©)9m
(D) -6m
(E) -3m

79. A projectile is launched with an unknown velocity at an angle of 30° from
the horizontal of level ground. Which of the following statements is true?

(A) The horizontal component of velocity is less than the vertical
component of velocity.

(B) The horizontal component of velocity is greater than the vertical
component of velocity.

(C) Both the horizontal and vertical components of velocity are equal.

(D) The horizontal component of velocity is used to calculate the time that
the projectile is in the air.

(E) The vertical component of velocity is used to calculate the range of the
projectile.
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2. Tricky MCQ for Dynamics

200

SECTION A — Linear Dynamics

LY L LY

T, T,
m
1. A ball of mass m is suspended from two strings of unequal length as shown above. The magnitudes of the

tensions T and T, in the strings must satisfy which of the following relations?
AT=T, B)T,>T, O)T,<T, [D)T+T,=mg

e

30°
1

A 2-kg block slides down a 30° incline as shown above with an acceleration of 2 m/s.

Questions 2 — 3

2. Which of the following diagrams best represents the gravitational force W. the frictional force f, and the normal
force N that act on the block?

(Ay N B) N © N o N
f f f
f
w v w W

3. Which of the following correctly indicates the magnitudes of the forces acting up and down the incline?
(A) 20 N down the plane, 16 N up the plane
(B) 4 N down the plane, 4 N up the plane
(C) 0N down the plane, 4 N up the plane
(D) 10 N down the plane, 6 N up the plane

1 kg 2kg p—f

/77777777 /7 /77777777777, ST77777777

4.  When the frictionless system shown above is accelerated by an applied force of magnitude the tension in the
string between the blocksis (A)F (B) 23F (C)%F (D)1/3F

5. A ball falls straight down through the air under the influence of gravity. There is a retarding force F on the ball
with magnitude given by F = bv, where v is the speed of the ball and b is a positive constant. The ball reaches a
terminal velocity after a time #. The magnitude of the acceleration at time #/2 is

(A) Increasing
(B) Decreasing
(©) 10 m/s/s
(D) Zero



6.

7.

w

—p D)
A block of weight W is pulled along a horizontal surface at constant speed v by a force F, which acts at an angle
of 6 with the horizontal, as shown above. The normal force exerted on the block by the surface has magnitude
(A) greater than W
(B) greater than zero but less than W
(C) equalto W
(D) zero

L

S

A uniform rope of weight 50 N hangs from a hook as shown above. A box of weight 100 N hangs from the
rope. What is the tension in the rope?

(A) 75 N throughout the rope (B) 100 N throughout the rope

(C) 150 N throughout the rope (D) It varies from 100 N at the bottom of the rope to 150 N at the top.

T
1
§>e0
|
t
1
1
i
i
|

|

w
When an object of weight W is suspended from the center of a massless string as shown above, the tension at
any point in the string is

(A) 2WcosH (B) 2Wcosb (D) W/(2cos0) (E) W/(cos0)
T s <
L]

A block of mass 3m can move without friction on a horizontal table. This block is attached to another block of
mass m by a cord that passes over a frictionless pulley, as shown above. If the masses of the cord and the pulley
are negligible, what is the magnitude of the acceleration of the descending block?

A)g4  Begl3 O3 D

40
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10.

A

jt———— 4 m ——»]
A plane 5 meters in length is inclined at an angle of 37°, as shown above. A block of weight 20 N is placed at
the top of the plane and allowed to slide down.

The magnitude of the normal force exerted on the block by the plane is
(A) greater than 20 N

(B) greater than zero but less than 20 N

(C) equal to 20 N

(D) zero



o

Momentum and Impulse

A car of mass m, traveling at speed v, stops in time # when maximum braking force is applied. Assuming the
braking force is independent of mass, what time would be required to stop a car of mass 2m traveling at speed v?
A%t Bt (N2t (D)2t

A block of mass M is initially at rest on a frictionless floor. The block, attached to a massless spring with spring
constant k, is initially at its equilibrium position. An arrow with mass m and velocity v is shot into the block.

The arrow sticks in the block. What is the maximum compression of the spring?

m m+M (m+M)v mv
(A)v\/; (B)v 0 ©) Tk (D)—’—(m+M)k

Two objects, P and Q, have the same momentum. Q can have more kinetic energy than P if it has:
(A) More mass than P (B) The same mass as P (C) More speed than P (D) The same speed at P

A spring is compressed between two objects with unequal masses, m and M, and held together. The objects are
initially at rest on a horizontal frictionless surface. When released, which of the following is true?

(A) The total final kinetic energy is zero.

(B) The two objects have equal kinetic energy.

(C) The speed of one object is equal to the speed of the other.

(D) The total final momentum of the two objects is zero.

Two football players with mass 75 kg and 100 kg run directly toward each other with speeds of 6 m/s and 8 m/s
respectively. If they grab each other as they collide, the combined speed of the two players just after the
collision would be:

(A)2m/s (B)34m/s (C)4.6m/s (D)7.1 m/s

A 5000 kg freight car moving at 4 km/hr collides and couples with an 8000 kg freight car which is initially at
rest. The approximate common final speed of these two cars is
(A)lkm/h  (B)13km/h (C)1.5km/h (D)2.5km/h

A rubber ball is held motionless a height h, above a hard floor and released. Assuming that the collision with
the floor is elastic, which one of the following graphs best shows the relationship between the total energy E of
the ball and its height h above the surface.

EA E E | E |
N %
h (B) h (C) h (D) h

(A)

8. Two carts are held together. Cart 1 is more massive than Cart 2. As they are forced apart by a compressed

spring between them, which of the following will have the same magnitude for both carts.
(A) change of velocity  (B) force  (C)speed (D) velocity

9. A ball with a mass of 0.50 kg and a speed of 6 m/s collides perpendicularly with a wall and bounces off with a

speed of 4 m/s in the opposite direction. What is the magnitude of the impulse acting on the ball?
(A)INs (B)5Ns (C)2m/s (D)10m/s

10. A cart with mass 2m has a velocity v before it strikes another cart of mass 3m at rest. The two carts couple and

move off together with a velocity of
(A)v/5  (B)2v/5 (C)2v/3 (D) (2/5)"v
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3. Tricky MCQ for Turning effect



Torque

1. A uniform meterstick of mass 0.20 kg is pivoted at the 40 cm mark. Where should one hang a mass of 0.50 kg
to balance the stick?
(A) 16 cm (B) 36 cm (C)44 cm (D) 46 cm

2. A uniform meterstick is balanced at its midpoint with several forces applied as shown below. If the stick is in
equilibrium, the magnitude of the force X in newtons (N) is
(A)S0N (B)I00N (C)200N (D)300N

X

¥E’.ﬂ em
| . PR S R— i =
0 em ‘HT-- 40 ¢m 1
’ 200 N
JD0ON

3. A door (seen from above in the figures below) has hinges on the left hand side. Which force produces the
largest torque? The magnitudes of all forces are equal.

A B C D

4. A meterstick is supported at each side by a spring scale. A heavy mass is then hung on the meterstick so that
the spring scale on the left hand side reads four times the value of the spring scale on the right hand side. If the
mass of the meterstick is negligible compared to the hanging mass, how far from the right hand side is the large
mass hanging.

(A)25cm (B) 67 cm (C)75 cm (D) 80 cm

5. A uniform meter stick has a 45.0 g mass placed at the 20 cm mark as shown in the figure. If a pivot is placed at
the 42.5 ¢m mark and the meter stick remains horizontal in static equilibrium, what is the mass of the meter

stick?
°°
[ 45g |
i / / / / / /

(A)450g (B)72.0g (C)1200g (D)135.0g
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A massless rigid rod of length 3d is pivoted at a F
fixed point W, and two forces each of magnitude F \
are applied vertically upward as shown. A third

vertical force of magnitude F' may be applied, either
upward or downward, at one of the labeled points.

With the proper choice of direction at each point,
the rod can be in equilibrium if the third force of
magnitude F is applied at point

(A) Yonly (B) V or X only (C) Vor Yonly D)V, W, or X

A 5-meter uniform plank of mass 100 kilograms rests on
the top of a building with 2 meters extended over the edge
as shown. How far can a 50-kilogram person venture past
the edge of the building on the plank before the plank just
begins to tip?

(A)0.5m  (B)1m (C)1.5m (D)2m 7

To weigh a fish, a person hangs a tackle box of mass 3.5
kilograms and a cooler of mass 5 kilograms from the ends

) "l
| |
B
| J
A4 //% [
2 |
2 m—
/ m
7
7

of a uniform rigid pole that is suspended by a rope attached to its center. The system balances when the fish

hangs at a point 1/4 of the rod’s length from the tackle box. What is the mass of the fish?

~2- Rope

Pt

| B W H

B I

3.5 kg

(A) 1.5 kg (B) 2 kg (C)3kg (D) 6 kg

Two objects, of masses 6 and 8 kilograms, are
hung from the ends of a stick that is 70 cm long
and has marks every 10 cm, as shown. If the mass

— 2

of the stick is negligible, at which of the points

indicated should a cord be attached if the stick is
to remain horizontal when suspended from the
cord? 6 kg
AMA BB (©OC DD

8 kg




10. A wheel of radius R and negligible mass is mounted on a horizontal
frictionless axle so that the wheel is in a vertical plane. Three small

M
objects having masses m, M, and 2M, respectively, are mounted on the
rim of the wheel, as shown. If the system is in static equilibrium, what is &
the value of m in t f M?
e value of m in terms o m ‘. M

(A) M2 (B)M (C) 3M)2 (D) 5M/2

11. A rod on a horizontal tabletop is pivoted at one end and is free to rotate without friction about a vertical axis, as
shown. A force F is applied at the other end, at an angle 0 to the rod. If F were to be applied perpendicular to
the rod, at what distance from the axis should it be applied in order to produce the same torque?

- L .

Axis [& )

L Dz
View from Above

(A) Lsin6 (B)Lcos 6 L (D)L tan 6

SN

12. A square piece of plywood on a horizontal tabletop is subjected to the two horizontal forces shown. Where
should a third force of magnitude 5 newtons be applied to put the piece of plywood into equilibrium?

(A) (B) ‘ (©) (D)

...... IR O

-

13. A uniform rigid bar of weight W is supported in a horizontal orientation as shown by a rope that makes a 30°
angle with the horizontal. The force exerted on the bar at point O, where it is pivoted, is best represented by a
vector whose direction is which of the following?

(A)T ® Mo —>o

Yyt
VF
14. In which of the following diagrams is the torque about point O equal in magnitude to the torque about point X
in the diagram? (All forces lie in the plane of the paper.)

(A) (B) ", ¢
l— ¢ — 2+
o—— T
() (D)
— ¢ — o=t

0 r\go‘oZF ZFE

[ 30%

-3

15. A rod of length L and of negligible mass is pivoted at a point that is off-center with lengths shown in the figure
below. The figures show two cases in which masses are suspended from the ends of the rod. In each case the
unknown mass m is balanced by a known mass, M; or M,, so that the rod remains horizontal. What is the value
of m in terms of the known masses?

s A i s

A

)

-] w | [ :

A) YMM, B)EM+M)  (OMM (D) %AMM,
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16.

17.

18.

A system of two wheels fixed to each other is free to rotate about a

frictionless axis through the common center of the wheels and »2F
perpendicular to the page. Four forces are exerted tangentially to the 3R
rims of the wheels, as shown. The magnitude of the net torque on
the system about the axis is
(A) zero (B) 2FR (C) 5FR (D) 14FR
F
F
F
For the wheel-and-axle system shown, which of the following
expresses the condition required for the system to be in static
equilibrium? b
(A) m; = my
(B) am; = bm, 4
(C) amp = bm;
(D) a’m, = b’m,
m,

I—__Iml

A meterstick of negligible mass is placed on a fulcrum at the 0.60 m mark, with a 2.0 kg mass hung at the 0 m
mark and a 1.0 kg mass hung at the 1.0 m mark. The meterstick is released from rest in a horizontal position.
Immediately after release, the magnitude of the net torque on the meterstick about the fulcrum is most nearly
(A)2.0N'm (B)8.ONem (C)10Nem (D)16Nem
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4. Tricky MCQ for Forces & Matter

— Fluid Mechanics

A cork has weight mg and density 25% of water’s density. A string is tied around the
cork and attached to the bottom of a water-filled container. The cork is totally
immersed. Express the tension in the string in terms of the cork weight mg.

A)0

B) mg

C) 2mg

D) 3mg

Three objects all float on top of water. They have the following relationships:
e A and B have the same mass and same density but different shapes
e B and C have the same volume and same shape
e mass & density of C < mass & density of B
Three identical weights are tied to each object, and each is pulled completely beneath the water. Which object
will displace the greatest amount of water?
A) A
B)B
OcC
D) All displace the same amount of water.

As a rock sinks deeper and deeper into water of constant density, what happens to the buoyant force on it?
A) Tt increases.

B) It remains constant.

C) It decreases.

D) It may increase or decrease, depending on the shape of the rock.

A piece of wood with a volume of 50 cm? is floating on water, and a piece of iron with a volume of 50 cm? is
totally submerged. Which has the greater buoyant force on it?

A) The wood.

B) The iron.

C) Both have the same buoyant force.

D) Cannot be determined without knowing their densities.

Salt water is more dense than fresh water. A ship floats in both fresh water and salt water. Compared to the
fresh water, the amount of water displaced by the ship when it i in the salt water is

A) more.

B) less.

C) the same.

D) Cannot be determined from the information given.

6 Water flows through a horizontal pipe. The diameter of the pipe at point B is larger than at point A. Where is the

water pressure greater?

A) Point A

B) Point B

C) Same at both A and B

D) Cannot be determined from the information given.



7

10

. The figure shows an object of mass 0.4 kg that is suspended from a scale and submerged in

Two objects labeled K and L have equal mass but densities 0.95D, and D, respectively. Each of these objects

floats after being thrown into a deep swimming pool. Which is true about the buoyant forces acting on these

objects?

(A) The buoyant force is greater on Object K since it has a lower density and displaces more water.

(B) The buoyant force is greater on Object K since it has lower density and lower density objects always float
“higher” in the fluid.

(C) The buoyant force is greater on Object L since it is denser than K and therefore “heavier.”

(D) The buoyant forces are equal on the objects since they have equal mass.

A block is connected to a light string attached to the bottom of a large
container of water. The tension in the string is 3.0 N. The gravitational
force from the earth on the block is 5.0 N. What is the block’s volume?
(A) 2.0x107* m’

(B) 3.0x107* m’®

(C) 5.0x107* m®

(D) 8.0x107* m’

walter

%bbck

string

a liquid. If the reading on the scale is 3 N, then the buoyant force that the fluid exerts on
the object is most nearly

(A) 13N
(B) 1.0N
(C)0.75N
(D) 033N

Each of the beakers shown is filled to the same depth 4 with liquid
of density p. The area 4 of the flat bottom is the same for each
beaker. Which of the following ranks the beakers according to the
net downward force exerted by the liquid on the flat bottom, from
greatest to least force?

L

(A) LI, 11, IV
B)LIV, I, 11
(O I, 111, IV, 1
(D) None of the above, the force on each is the same.
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11  Multiple Correct: In the open manometer shown, water occupies a part of the left arm, from a height of y, to a
height of y,. The remainder of the left arm, the bottom of the tube, and the right arm to a height of y; are filled
with mercury.

Which of the following is correct? (Select two answers.)

(A) the pressure at a height y; is the same in both arms.

(B) the pressure at a height y, is the same in both arms.

(C) the pressure at the bottom of the right arm is the same as at the bottom of the left arm.
(D) the pressure at a height y; is less in the left arm than in the right arm.

12 A vertical force of 30 N is applied uniformly to a flat button with a radius of 1 cm that is lying on a table. Which
of the following is the best order of magnitude estimate for the pressure applied to the button?
(A) 10° Pa
(B) 10° Pa
(C) 10* Pa
(D) 10° Pa

Hooke's law

6. The stress at which extension of a material takes place more quickly
as compared to the increase in load is called
a) Elastic point
b) Plastic point
)
)

c) Breaking point
d) Yielding point

7. Which of these is a non-hoookean material?
a) Steel

b) Rubber

c) Aluminium

d) Copper



Questions 16-17: A block oscillates without friction on the end of a spring as
shown. The minimum and maximum lengths of the spring as it oscillates are,
respectively, X, and X.x. The graphs below can represent quantities %
associated with the oscillation as functions of the length x of the spring.

N L4 Agl
Xmin Ymax

T 1l 1
1 1 |
. : 1 v
I 1
i ‘ i
| ! '
| ! i
+ + x

X na X +
Xmin Xmax (C) ¥min Xmax (D) Xmin Xmax

16. Which graph can represent the total mechanical energy of the block-spring system as a function of x ?
AMA BB (©OC DD

17. Which graph can represent the kinetic energy of the block as a function of x ?
@A BB ©C (DD

LLLLLLLLLLL L L L L L

1.2kg

20. Two massless springs, of spring constants k; and k,, are hung from a horizontal support. A block of weight 12 N
is suspended from the pair of springs, as shown above. When the block is in equilibrium, each spring is
stretched an additional 24 cm. Thus, the equivalent spring constant of the two-spring system is 12 N /24 cm =
0.5 N/em. Which of the following statements is correct about k; and k,?

(A) ky =k, =0.25 N/em

(B) VVk; + 1/k, = 1/(0.5 N/cm)
(C) k1 — kz =0.5 N/cm

(D) k] + kz =0.5 N/cm

23. A block of mass 3.0 kg is hung from a spring, causing it to stretch
12 cm at equilibrium, as shown. The 3.0 kg block is then replaced
by a 4.0 kg block, and the new block is released from the position
shown, at which the spring is unstretched. How far will the 4.0 kg
block fall before its direction is reversed?

(A) 18 cm (B) 24 cm
(C)32cm (D) 48 cm
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5. Tricky MCQ for Work Energy & Power

Work-Energy

2. A force F at an angle 6 above the horizontal is used to pull a heavy suitcase of weight mg a distance d along a
level floor at constant velocity. The coefficient of friction between the floor and the suitcase is p. The work
done by the frictional force is:
(A)-Fdcos® (B)—pnFdcos® (C) -umgd (D) -u mgd cos 6

3. A2 kgball is attached to a 0.80 m string and whirled in a horizontal circle at a constant speed of 6 m/s. The
work done on the ball during each revolution is:

(A)90]  (B)72)J  (D)16] (D) zero

4. A pendulum bob of mass m on a cord of length L is pulled sideways until the
cord makes an angle 0 with the vertical as shown in the figure to the right. The
change in potential energy of the bob during the displacement is: / -
(A) mgL (1—cos 0) (B) mgL (1-sin 0) (C) mgL sin 0 a

(D) mgL cos 6 \5

5. A softball player catches a ball of mass m, which is moving towards her with horizontal speed V. While
bringing the ball to rest, her hand moved back a distance d. Assuming constant deceleration, the horizontal
force exerted on the ball by the hand is
(A)mV¥2d)  B)mV¥d (C)2mV/d

(D) mV/d

6. A pendulum is pulled to one side and released. It swings freely to the opposite side and stops. Which of the
following might best represent graphs of kinetic energy (Ey), potential energy (E,) and total mechanical energy

(Er)

B z B T b 3 ‘

& X *£p “Ep

& £ K, / \fk

.9 Time .9 Time .9 Time 9 Tome
A) B) o) D)

Questions 7-8: A car of mass m slides across a patch of ice at a speed v with its brakes locked. It the hits dry
pavement and skids to a stop in a distance d. The coefficient of kinetic friction between the tires and the dry
road is L.

7. If the car has a mass of 2m, it would have skidded a distance of
(A)0.5d B)d (©)141d (D)2d

8. If the car has a speed of 2v, it would have skidded a distance of
(A)d B)1.41d ©)2d (D)4d

9. A ball is thrown vertically upwards with a velocity v and an initial kinetic energy E,. When half way to the top
of'its flight, it has a velocity and kinetic energy respectively of
v E, E v E, v E,

@)=, =

~°

2

v
(B)f:

£
2

©

I:

2

(o)l

R



10.

A football is kicked off the ground a distance of 50 yards downfield. Neglecting air resistance, which of the

following statements would be INCORRECT when the football reaches the highest point?
(A) all of the balls original kinetic energy has been changed into potential energy

(B) the ball’s horizontal velocity is the same as when it left the kickers foot

(C) the ball will have been in the air one-half of its total flight time

(D) the vertical component of the velocity is equal to zero

11.

12.

13.

14.

15.

A mass m is attached to a spring with a spring constant k. If the mass is set into motion by a displacement d
from its equilibrium position, what would be the speed, v, of the mass when it returns to equilibrium position?

7 Kk kd . /
A_d Sy o o mga
k

m ( C) mg (D)

v=

(A) e (B)

A fan blows the air and gives it kinetic energy. An hour after the fan has been turned off, what has happened to
the kinetic energy of the air?

(A) it disappears (B) it turns into potential energy (C) it turns into thermal energy

(D) it turns into sound energy

A rock is dropped from the top of a tall tower. Half a second later another rock, twice as massive as the first, is
dropped. Ignoring air resistance,

(A) the distance between the rocks increases while both are falling.

(B) the acceleration is greater for the more massive rock.

(C) they strike the ground more than half a second apart.

(D) they strike the ground with the same kinetic energy.

Which of the following is true for a system consisting of a mass oscillating on the end of an ideal spring?

(A) The kinetic and potential energies are equal to each other at all times.

(B) The maximum potential energy is achieved when the mass passes through its equilibrium position.

(C) The maximum kinetic energy and maximum potential energy are equal, but occur at different times.

(D) The maximum kinetic energy occurs at maximum displacement of the mass from its equilibrium position

From the top of a high cliff, a ball is thrown horizontally with initial speed v,. Which of the following graphs
best represents the ball's kinetic energy K as a function of time t ?

=

(A) 0 B)©° ©o ‘(D) ©

uestions 18-19

A ball swings freely back and forth in an arc from point I to point IV, as
shown. Point II is the lowest point in the path, III is located 0.5 meter above
II, and IV is I meter above II. Air resistance is negligible.

18. If the potential energy is zero at point II, where will the kinetic and
potential energies of the ball be equal?
(A) AtpointIT  (B) At some point between II and 11
(C) Atpoint IIT (D) At some point between III and IV

19. The speed of the ball at point II is most nearly
(A) 3.0 m/s B)45m/s (C)9.8m/s (D) 14 m/s

20. The figure shows a rough semicircular track whose ends are at a vertical height h. A block placed at point P at
one end of the track is released from rest and slides past the
bottom of the track. Which of the following is true of the height
to which the block rises on the other side of the track?
(A) It is equal to h/4 (B) It is equal to h/2
(C) Itisequal to h
(D) It is between zero and h; the exact height depends on how
much energy is lost to friction.

21. The graph shown represents the potential energy U as a function of displacement
x for an object on the end of a spring moving back and forth with amplitude x,. U
Which of the following graphs represents the kinetic energy K of the object
as a function of displacement x ?

(&) K (B) K
t X
Uy Uo —Xg 0 Xg
X X
—-xo o Xo X ] Xo
[(&] K @) K
Uy Uy
x x
=Xq o Xo —xo o Xo

22. A child pushes horizontally on a box of mass m which moves with constant speed v across a horizontal floor.
The coefficient of friction between the box and the floor is p. At what rate does the child do work on the box?

(A) pmgv (B) mgv (C) pmg/v (D) pmg/y
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6. Tricky MCQ for Thermal Physics

4. The mass of an oxygen atom is 5 x 10726 kg. What is the average speed of
an oxygen molecule at room temperature (25°C)?

Thermodynamics (A) 50 m/s
(B) 100 m/s
1._A 1.0-m-long section of iron railroad gets warmed by the Sun from 25°C (C) 250 m/s
to 40°C. The coefficient of thermal linear expansion for iron is 1.2 x 10 (D) 500 m/s
o _1 . . . ?
5°C™". How much did the length of the iron rail change® () 1,000 m/s
(A) -0.18 cm
(B) -0.18 mm 5.1In an adiabatic process, 0.5 moles of gas at 1,000 K expand to reach a final
(C)0 cm temperature of 500 K. How much work was done?
(D) 0.18 mm (A) -5,000J
(E) 0.18 cm (B) -3,0007J
©oJ
2. You have 20 moles of a gas in a 1-m? sealed container at 125°C. How (D) 3,000 J
many atmospheres of pressure are inside the container? (E) 5,000 J
(A) 0.1 atm
(B) 0.6 atm 6._An engine converts 5,000 J of thermal energy into 2,500 J of work. What
(C) 1.0 atm is the efficiency of the engine?
(D) 1.2 atm (A) 10 percent
(E) 1.8 atm (B) 20 percent
(C) 50 percent
3.1f you have 2 moles of gas at room temperature (25°C), then what is the (D) 100 percent
internal energy of the gas? (E) 200 percent
(A) 720
(B) 3,600J 7..An ideal heat engine has an efficiency rate of 20 percent. If the heat
(C) 7,200 reservoir has a temperature of 200°C, then what is the temperature of the
’ heat sink?
(D) 36,000 J
(A) 0°C
(E) 72,000 J
(B) 50°C
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(C) 110°C (B)-120J

(D) 200°C (©)01J
(E) 300°C (D) 1207
(E) 1,200 J

8.1f 500 J of work was done on a volume of gas in a container with a
moveable piston at a constant atmospheric pressure, what was the

change in gas volume? 10.In which of the following processes is no work done on or by the gas?
(A) -0.05 m? A) Adiabfitic
(B) Isobaric
o _0.(;05 " (C) Isothermal
E]Cyi (()) r(;]05 m3 (D) Isochoric

(E) None, all of the processes do work
(E) 0.05 m3

9. The pressure, volume, and temperature of a gas were changed from Point
A (low temperature) to Point B (high temperature) as shown in this
graph. How much work was done by the gas?

5 —
(=
S s
o P
=) P
©
s P
2 o
B A
o
ol
e
1
° I— |
0 6
Volume (102 m®)
(A) -1,200J
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7. Tricky MCQ for Lenses

the Spartan fleet. If he had used mirrors, what would be the focal length

Optics of the mirrors Archimedes used to burn the Spartan ships 2 km at sea?
Could these be easily made?
(A) 1 km, no
1. When a beam of light is refracted through a prism, the beam is spread into (B) 1 km, yes
what colors? (C) 4 km, no
(A) Violet, blue, green, yellow, orange, and red (D) 4 km, yes
(B) Blue, violet, green, yellow, red, and orange (E) 4 m, yes

(C) Green, yellow, orange, red, blue, and violet
. 5.If a person were nearsighted, what shape lens would correct the person’s
(D) Red, orange, yellow, green, blue, and violet vision?

(E) Orange, red, yellow, green, blue, and violet (A) Concave-convex

2. Why does a piece of glass disappear when immersed in a liquid with the (B) Convex-convex

same index of refraction? (C) Concave-concave
(A) The liquid would be dark, and the glass could not be seen. (D) Convex-concave
(B) The liquid and the glass would be the same color. (E) Flat-convex
(C) With the indices the same, light is not refracted, and the glass is not
seen. 6..To correct for chromatic aberration, what type of lens should be used?
(D) The glass would be seen at a certain angle. (A) Convex-concave
(E) The liquid causes the glass to melt. (B) Two lenses of different refraction
(C) A lens that causes red and blue to refract to the same focal point
3. What is the focal point of a concave mirror with a radius of 100 cm? (D) A convex-convex lens mated with a concave-concave lens
(A) 50 cm (E) Concave-convex
(B) 200 cm
(C) 150 cm 7.1n a specular reflection, if the incident light beam hits the surface at 45° to
©)1m normal, at what angle will the reflected beam come from the surface?
(E) 0.5 mm (A) 90°
(B) 30°
4. Historians have recorded that Archimedes used mirrors or lenses to burn (C) It will be broken into colors
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(D) 45°
(E) 60°

8. Why is it safer to use matte surfaces on surgical instruments rather than
polished surfaces during laser surgery?

(A) A matte surface is easier to clean.

(B) A polished surface is easier to clean.

(C) A polished surface would diffuse the laser beam.
(D) A matte surface would diffuse the laser beam.

(E) Laser-safe eyewear should be worn during surgery.

9. An archerfish spits a stream of water at insects above the water surface to
knock them down and eat them. If the fish sees an insect at 6 degrees
under water, how should the fish aim its spit stream to hit the insect?

(A) Much less than 0 degrees

(B) Much greater than 0 degrees
(C) Slightly greater than 6 degrees
(D) Slightly less than 6 degrees
(E) At 0 degrees

10. To keep as much of the laser beam energy inside a laser fiber, a coating is
sometimes placed on the fiber to produce total reflection in the fiber.
What refractive index should the coating have?

(A) It should be opaque.

(B) It should be mirrored.

(C) It should be higher than that of the fiber.

(D) It should be lower than that of the fiber.

(E) It should have a critical angle of greater than 41°.

212



(D) 45°
(E) 60°

8. Why is it safer to use matte surfaces on surgical instruments rather than
polished surfaces during laser surgery?

(A) A matte surface is easier to clean.

(B) A polished surface is easier to clean.

(C) A polished surface would diffuse the laser beam.
(D) A matte surface would diffuse the laser beam.

(E) Laser-safe eyewear should be worn during surgery.

9. An archerfish spits a stream of water at insects above the water surface to
knock them down and eat them. If the fish sees an insect at 6 degrees
under water, how should the fish aim its spit stream to hit the insect?

(A) Much less than 0 degrees

(B) Much greater than 0 degrees
(C) Slightly greater than 6 degrees
(D) Slightly less than 6 degrees
(E) At 0 degrees

10. To keep as much of the laser beam energy inside a laser fiber, a coating is
sometimes placed on the fiber to produce total reflection in the fiber.
What refractive index should the coating have?

(A) It should be opaque.

(B) It should be mirrored.

(C) It should be higher than that of the fiber.

(D) It should be lower than that of the fiber.

(E) It should have a critical angle of greater than 41°.

212



(D) 45°
(E) 60°

8. Why is it safer to use matte surfaces on surgical instruments rather than
polished surfaces during laser surgery?

(A) A matte surface is easier to clean.

(B) A polished surface is easier to clean.

(C) A polished surface would diffuse the laser beam.
(D) A matte surface would diffuse the laser beam.

(E) Laser-safe eyewear should be worn during surgery.

9. An archerfish spits a stream of water at insects above the water surface to
knock them down and eat them. If the fish sees an insect at 6 degrees
under water, how should the fish aim its spit stream to hit the insect?

(A) Much less than 0 degrees

(B) Much greater than 0 degrees
(C) Slightly greater than 6 degrees
(D) Slightly less than 6 degrees
(E) At 0 degrees

10. To keep as much of the laser beam energy inside a laser fiber, a coating is
sometimes placed on the fiber to produce total reflection in the fiber.
What refractive index should the coating have?

(A) It should be opaque.

(B) It should be mirrored.

(C) It should be higher than that of the fiber.

(D) It should be lower than that of the fiber.

(E) It should have a critical angle of greater than 41°.

212



(D) 45°
(E) 60°

8. Why is it safer to use matte surfaces on surgical instruments rather than
polished surfaces during laser surgery?

(A) A matte surface is easier to clean.

(B) A polished surface is easier to clean.

(C) A polished surface would diffuse the laser beam.
(D) A matte surface would diffuse the laser beam.

(E) Laser-safe eyewear should be worn during surgery.

9. An archerfish spits a stream of water at insects above the water surface to
knock them down and eat them. If the fish sees an insect at 6 degrees
under water, how should the fish aim its spit stream to hit the insect?

(A) Much less than 0 degrees

(B) Much greater than 0 degrees
(C) Slightly greater than 6 degrees
(D) Slightly less than 6 degrees
(E) At 0 degrees

10. To keep as much of the laser beam energy inside a laser fiber, a coating is
sometimes placed on the fiber to produce total reflection in the fiber.
What refractive index should the coating have?

(A) It should be opaque.

(B) It should be mirrored.

(C) It should be higher than that of the fiber.

(D) It should be lower than that of the fiber.

(E) It should have a critical angle of greater than 41°.

212



(D) 45°
(E) 60°

8. Why is it safer to use matte surfaces on surgical instruments rather than
polished surfaces during laser surgery?

(A) A matte surface is easier to clean.

(B) A polished surface is easier to clean.

(C) A polished surface would diffuse the laser beam.
(D) A matte surface would diffuse the laser beam.

(E) Laser-safe eyewear should be worn during surgery.

9. An archerfish spits a stream of water at insects above the water surface to
knock them down and eat them. If the fish sees an insect at 6 degrees
under water, how should the fish aim its spit stream to hit the insect?

(A) Much less than 0 degrees

(B) Much greater than 0 degrees
(C) Slightly greater than 6 degrees
(D) Slightly less than 6 degrees
(E) At 0 degrees

10. To keep as much of the laser beam energy inside a laser fiber, a coating is
sometimes placed on the fiber to produce total reflection in the fiber.
What refractive index should the coating have?

(A) It should be opaque.

(B) It should be mirrored.

(C) It should be higher than that of the fiber.

(D) It should be lower than that of the fiber.

(E) It should have a critical angle of greater than 41°.

212



