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Homework 1 - Scalars and Vectors

A ball 15 thrown verticallv upwards and falls
back to Earth. Neglecting air resistance, which
velocity-time graph represents its motion?
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Which row shows
correctly?

both quantities classified

Scalar Vector
weight force
force mass
mass distance
distance momentum
momentum time

Which of the following contains one scalar

quantity and one vector quantity?
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acceleration; displacement

kinetic energy; speed

momentum; velocity

potential energy; work

power; weight

Acceleration is the change in

A
B
C
D
E

distance per unit time

displacement per unit time

velocity per unit distance

speed per unit time

velocity per unit time.
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A wvehicle i1s travelling in a straight line.
Graphs of velocity and acceleration against

time are shown.

Which pair of graphs could represent the

motion of the vehicle?
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A rrolley travels along a straighe track.

The graph shows how the velocity ¢ of the
trolley varies with time f.
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Which graph shows how the acceleration a of
the trolley varies with ame §7
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Which of the following is a vector quantity?

A distance

B time

C  speed
D energy
E  weight

A woman walks 12km due North. She then
turns round immediately and walks 4km due
South. The total journey takes 4 hours.

Which row in the following table gives the
correct values for her average velocity and
average speed?

Awerage velocity Awerage speed
A 4km h™! due N 4km h™!
B 4km h™! due N 2km h!
C 3km h™! due N 4km h!
D 2km h! due N 4km h!
o 2km h™! due N 3km h™!

An object starts from rest and accelerates in a
straight line.

The graph shows how the acceleration of the
object varies with time.

acceleration/m s~

4-0
20—
0-0
| | N | &
i ; Y4 time/s
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The speed of the object at 5 seconds 18

A  2ms™!
B 8ms'
C 12ms™
D 16ms™'
E 20ms'
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The following velocity-time graph describes
the motion of a ball, dropped from rest and
bouncing several times.

velocity P

. i e

I/ 7 Pime

Q

Which of the following statements isfare true?
I The ball hits the ground at P.

II The ball is moving upwards between Q

and R,

IIT The ball is moving upwards between R
and S.

A Tonly

B Il only
I11 only

D Iandll only
E land Il only
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(a) State the difference between speed and velocity.

() During a tall ships race, a ship called the Mir passes a marker buoy X and
sails due West (270). It sails on this course for 30 minutes at a speed of
10-0kmh™’, then changes course to 20° West of North (340). The Mir
continues on this new course for 1% hours at a speed of 8:0kmh™ until it
passes marker buoy Y.

(000)

N

(315) NW, NE (045)

(270) W > (090)

(225) SW SE (135)
S
(180)

marker

buoy X

(1) Show that the Mir travels a total distance of 17 km between marker
buoys X and Y.

(1) By scale drawing or otherwise, find the displacement from marker
buoy X to marker buoy Y.

(i) Calculate the average velocity, in kmh™, of the Mir between marker
buoys X and Y.
(¢) A second ship, the Leeuvin, passes marker buoy X 15 minutes after the
Mir and sails directly for marker buoy Y at a speed of 7-5kmh™".

Show by calculation which ship first passes marker buoy Y.

(14)
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Competitors are racing remote control cars. T'he cars have to be driven over a
precise route between checkpoints.

_: Checkpoint A

——T
S

Each car is to travel from checkpoint A to checkpoint B by following these
instructions.

“Drive 150 m due North, then drive 250 m on a bearing of 60° East of North
(060).”

Car X takes 1 minute 6 seconds to follow these instructions exactly.

(a) By scale drawing or otherwise, find the displacement of checkpoint B from
checkpoint A.

4
(b) Calculate the average velocity of car X from checkpoint A to checkpoint B. 4
(c) Car Y leaves A at the same time as car X.
Car Y follows exactly the same route at an average speed of 6-3ms™.
Which car arrives first at checkpoint B?
Justify vour answer with a calculation.
4
(d) State the displacement of checkpoint A from checkpoint B.
2
(14)
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A helicopter 1s flying at a constant height above the ground. 'The helicopter 1s
carrving a crate suspended from a cable as shown.

(@) The helicopter flies 20km on a bearing of 180 (due South). It then turns on to
a bearing of 140 (50° South of East) and travels a further 30 km.

The helicopter takes 15 minutes to travel the 50 km.

(1) By scale drawing (or otherwise) find the resultant displacement of the

. 2
helicopter.
(1) Calculate the average velocity of the helicopter during the 15 minutes. 3
()
Total | 43




Homework 2 - Equations of Motion

*Repeated Questions 1,4,5,9*

The following velocity-time graph describes
the motion of a ball, dropped from rest and
bouncing several times.

velocity P

R/]g A

Q

Which of the following statements is/are true?
I The ball hits the ground at P.

IT The ball is moving upwards between Q
and R.

IIT The ball is moving upwards between R
and S.

A Tlonly

IT only

111 only
D land Il only
E land Il only

0 I/ I/ L~ time

A helicopter is descending vertically at a
constant speed of 3-0ms”. A sandbag is
released from the helicopter. The sandbag hits
the ground 5-0s later.

What was the height of the helicopter above
the ground at the time the sandbag was
released?

A  150m
B 490m
C 1075m
D 122:5m
E 1375m

3

Which of the following wvelocity-time graphs
best describes a ball being thrown vertically
into the air and returning to the thrower's

hand?
A veloeity
n /
/ time
B velocity
ﬂ \ / I
tirme
[ velocity
0 ]
/ \ time
D velocity
0 :
time
E velocity
0 .
time




The following graph shows how the
displacement of an object varies with time.

displacement

0O -
time

Which row of the table below best describes
the motion of this object?

From O to P From P to O

constant acceleration | constant velocity

zero velocity constant deceleration

constant velocity zero velocity

zero velocity constant velocity

(I o B o SN - - B,

constant velocity constant deceleration

A stuntman on a motorcycle jumps a river
which is 5:1 m wide. He lands on the edge of
the far bank, which is 2:0m lower than the
bank from which he takes off.

2:0m

_'; — J

His minimum horizontal speed at take off is

A 20ms’!
1

32ms
55ms
80ms "

9-8ms .

Mo O w

An object starts from rest and accelerates in a
straight line.

The graph shows how the acceleration of the
ohject varies with time.

aceeleration/ms™
4
2
U | 1 I i o
1 2 3 4 5 timefs
B

The object’s speed at 5 seconds is
1

A 2ms

B Sms |
C 12ms’"!
D loms'
E 20ms.

A javelin i1s thrown at 60 ° to the horizontal with
a speed of 20 ms .

20 ms_1

The javelin is in flight for 3-5s.
Air resistance is negligible.
The horizontal distance the javelin travels is

A 350m
B 606m
C 70-0m
D 121m
E 140m.




An object starts from rest and accelerares in a
straight line.

T'he graph shows how the acceleration of the
object varies with time.

accelevationfms™

4

times

b
1

The object’s speed at 5 seconds is
1

A 2ms
B Bms
C 12ms!
D l6ms
D 20ms”

The following graph shows how the
displacement of an object varies with time.

displacement

0)

time

Which row of the table below best describes
the motion of this object?

From O to P From P to Q
A constant acceleration | constant velocity
B zero velocity constant deceleration
C constant velocity zero velocity
D | zero velocity constant velocity
E constant velocity constant deceleration

10

A vehicle runs down a slope as shown.

licht gate 1
ght g computer

,'I light gate 2

The following results are obtained.

angle of slope,
#=15-0%0-57

length of card on top of vehicle,
d=0-020 £ 0-001 m

time for card to pass light gate 1,
=040 0:01%

time for card to pass light gate 2,
t,=025£0:01s

time for vehicle to travel between the light gates,
t;=0-30£001s

Which quantity has the largest percentage
uncertainty?

A B
B d
c
D &,
21,

10
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To test the braking svstem of cars, a test track 1s set up as shown.

datalogger

not to scale

,--""'".“ SCNSOrS ———Wn ./

: braking ::
L ozone -

The sensors are connected to a datalogger which records the speed of a car at

both P and Q.

A car 1s driven at a constant speed of 30 m s~ until it reaches the start of the
braking zone at P T'he brakes are then applied.

(@) In one test, the datalogger records the speed at P as 30 m s~! and the speed
at Q as 12 ms™'. The car slows down at a constant rate of 9-0 m s between

P and ().

Calculate the length of the braking zone. 3
(h) The test is repeated. The same car 1s used but now with passengers in the
car. The speed at P is again recorded as 30 m s,
The same braking force 1s applied to the car as in part (a).
How does the speed of the car at Q compare with its speed at QQ in part (a)?
Justify vour answer. 2
(5)

11




12

A basketball player throws a ball with an initial velocity of 6-5m s~ at an angle
of 50° to the horizontal. The ball 1s 2-3 m above the ground when released.

not to scale

2:3m

T'he ball travels a horizontal distance of 2-9Ym to reach the top of the basket.

The effects of air resistance can be 1gnored.

(a) Calculate:

(1) the horizontal component of the initial velocity of the ball; 1

(11) the vertical component of the initial velocity of the ball. 1
() Show that the time taken for the ball to reach the basket 15 (-69 s, 2
(¢) Calculate the height h of the top of the basket. 4
(d) A student observing the player makes the following statement.

“The plaver should throw the ball with a higher speed at the same angle. The

ball would then land in the basket as before but 1t would take a shorter time to

travel the 2-9 metres.”

Explain why the student’s statement 1s incorrect. 2

(10)

12
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A student investigates the motion of a ball projected from a launcher.
The launcher is placed on the ground and a ball 1s fired vertically upwards.
The vertical speed of the ball as it leaves the top of the launcher is 7-0 ms™.

The effects of air resistance can be ignored.

t

ban(‘)
I

top of launcher --- %

launcher

(@) (1) Calculate the maximum height above the top of the launcher reached by

the ball.

3
(11) Show that the time taken for the ball to reach its maximum height 1s 0-71s. 2
(6) The student now fixes the launcher to a trolley. The trolley travels horizontally
at a constant speed of 1-5m s™! to the right.
The launcher again fires the ball vertically upwards with a speed of 7-0m s~ .
f
ball
Il
trolley 15 m o]
—
(1) Determine the velocity of the ball after 0-71s. 1
(11) The student asks some friends to predict where the ball will land relative
to the moving launcher. They make the following statements.
Statement X: The ball will land behind the launcher.
Statement Y: The ball will land in front of the launcher.
Statement Z:  The ball will land on top of the launcher.
Which of the statements is correct?
You must justify vour answer. 2
(8)

13
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A polfer hits a ball from point P. The ball leaves the club with a velocity v at an angle

of 8 to the horizontal.

The ball travels through the air and lands at point R.

Midwav between P and R there is a tree of height 10-0 m.

not to scale

d

|
R
I

(a) The horizontal and vertical components of the ball’s velocity during its flight are

3-06

shown.
horizontal vertical
velocity/m s™! velocity/m s~
20-0 15-0 1
0
0 0 3-06 time/'s —15-07

The effects of air resistance can be ignored.

Calculate:

(1) the horizontal distance 4,

(11) the maximum height of the ball above the ground.

time/s

—

4)

Total 37

14




Homework 3 - Forces and Energy

A person stands on bathroom scales in a lift.
The scales show a reading greater than the
person’s weight,

The lift is moving

A upwards at constant velocity
B downwards at constant velocity
C downwards and accelerating

I downwards and decelerating

rH

upwards and decelerating,

Two boxes on a frictionless horizontal surface
are joined together by a string. A constant
horizontal force of 12 N is applied as shown.

2-0kg 40kg ——12N

The tension in the string joining the two boxes
18

A 20N
B 40N
C 60N
D 80N
g 12N,

A person stands on a weighing machine in a lift.
When the lift is at rest, the reading on the
machine is 700 N, The lift now descends and
its speed increases at a constant rate. [he
reading on the machine

A 15 a constant value higher than 700 N
B i a constant value lower than 700N
C continually increases from 700N
I} continually decreases from 700 N

E remains constant at 700 N,

A box of weight 120N is placed on a smooth
horizontal surface.
A force of 20N is applied to the box as shown.

20N

The box is pulled a distance of 50m along the
surface.

The work done in pulling the box is

A 500]
B 866]
C 1000 ]
D 6000
E 6866 J.

The total mass of a motorcycle and rider 1s
250kg. During braking, they are brought to
rest from a speed of 16:0ms™ in a time of

10-0s.

The maximum energy which could be
converted to heat in the brakes is

A 2000 ]
B 4000 ]
C  32000]
D 40000]
E  64000].

15



A skvdiver of total mass 85kg is falling
vertically.

At one point during the fall, the air resistance
on the skydiver is 135 .

The acceleration of the skydiver at this point is

A 0-6ms

B l-6ms
C 6-2ms
D 82ms™
E 138ms™

A rocket of mass 200 kg accelerates vertically

upwardzs from the surface of a planet at
20ms .

The gravitational field strength on the planet
is 4-0 N kg™

What is the size of the force being exerted by
the rocket’s engines?

A 400 N
B S00 N
C 1200N

D 2000N
E  2400N

A car of mass 1200 kg pulls a horsebox of mass
700 kg along a straight, horizontal road.

e - -2
I'hev have an acceleration of 2-0ms™".

700 kg coupling

1200k
@ -~

00—

Assuming that the frictional forces are
negligible, the tension in the coupling between
the car and the horsebox is

A 500N
B 700N
C  1400N
D 2400N
E  3800N.

10

Two blocks are linked by a newton balance of
negligible mass.
The blocks are placed on a level, frictionless
surface. A force of 180N 1s applied to the
blocks as shown.

18-0N
4-0kg 60k [

Y

The reading on the newton balance 1s

A 72N
B 00N
C 108N
D 180N
E 400N,

A car of mass 1000 kg is travelling at a speed of
40ms' along a race track. The brakes are
applied and the speed of the car decreases to
10ms,

How much kinetic energy is lost by the car?

A 15K]
B 50k]
C  450k]
D 750k]
E  800k]

16
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A van of mass 2600kg moves down a slope which is inclined at 12° to the
horizontal as shown,

Not to scale

(a) Calculate the component of the van’s weight parallel to the slope. 3
(b) A constant frictional force of 1400 N acts on the van as it moves down the
slope.
Calculate the acceleration of the van.
3
(6)
12 . .
A crate of mass 40-0kg 1s pulled up a slope using a rope.
The slope 1s at an angle of 30° to the horizontal.
240N
A force of 240 N 15 applied to the crate parallel to the slope.
The crate moves at a constant speed of 3-0ms™.
(a) (1) Calculate the component of the weight of the crate acting parallel to
the slope. 3
(1) Calculate the frictional force acting on the crate. 3

17



(b)

As the crate 1s moving up the slope, the rope snaps.

The graph shows how the velocity of the crate changes from the moment
the rope snaps.

velocity/ms™

3-0
2-0 =

1-0 5

0
1-0  time/s
_1-0 1

2.0 -

—3.0 4

(1) Describe the motion of the crate during the first 0-3 s after the rope

snaps. 2
(11) Copy the axes shown below and sketch the graph to show the

acceleration of the crate between 0 and 1-0s.

Appropriate numerical values are also required on the acceleration

axis.

acceleration/m s~

0 T T ]
0-5 1-0 timefs
4

(111) Explain, in terms of the forces acting on the crate, why the magnitude

of the acceleration changes at (-5s. 2

(14)

18
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A fairground ride consists of rafts which slide down a slope into water.

The slope 1s at an angle of 22 ° to the horizontal. Each raft has a mass of 8-0kg.

The length of the slope 1s 50 m.

A child of mass 52 kg sits 1n a raft at the top of the slope. The raft is released
from rest. The child and raft slide together down the slope into the water. The

force of friction between the raft and slope remains constant at 180 N.

(a) Calculate the component of weight, in newtons, of the child and raft down

the slope.
P 2
(b) Show by calculation that the acceleration of the child and raft down the
slope is 0-67 ms™. 3
(¢) Calculate the speed of the child and raft at the bottom of the slope. 3
(d) A second child of smaller mass 1s released from rest in an i1dentical raft at
the same starting point. The force of friction is the same as before.
How does the speed of this child and raft at the bottom of the slope
compare with the answer to part (¢)?
Justify vour answer. 4
(11)
Total | 42

19



Homework 4 - Momentum and Impulse

Two trollevs travel towards each other in a
straight line as shown.

20ms | —»

—
=
-
w

The rtrolleys collide.  After the collision the
troflevs move as shown below,

What 1s the speed @ of the 2-0kg trollev after
the collision?

A 125ms!
B 1-73ms
C 20ms”
[}] +0ms

I S-0ms '

Momentum can be measured in

A Nkg'!
B Nm

C Nms™
D kpm 5!

E kg ms .

A cannon of mass 2000 kg fires a cannonball of
mass 5-00 kg.

The cannonball leaves the cannon with a speed
of 50-0ms.

The speed of the cannon immediately after
firing is

A 0125ms’
B 800ms’
C  399ms’
D 40-1ms”
E 200ms.

The graph shows the force acting on an object
of mass 50 kg.
forcef/N

20 -----

10 7

T , — fime/s
0" 10 20 30 40

The change in the object’s momentum 1s
A 70kgms’
B 30kgms™
C 35kem s
D 60kgms
E 175kgms .

A shell of mass 5-0kg is travelling horizontally
with a speed of 200m It explodes into two
parts. One part of mass 3-0kg continues in the
original direction with a speed of 100ms"".

The other part also continues in this same
direction. Its speed 1s

A 150ms™
B 200ms”
C  300ms”
D 350ms”

E  700ms.

20



A 2:-0kg trolley travels in a straight line towards
a stationary 5-0kg trolley as shown.

40msl—e Oms™

The trolleys collide. After the collision the
trolleys move as shown below.

<— |-0ms! o =

What 1s the speed © of the 5:0kg trolley after
the collision?

A 0-4ms
B 1-2ms™!
C 2-0ms™
D 22ms’!

E 30ms™

The graph shows the force which acts on an
object over a time interval of 8 seconds.

foree/N
12 -

10 1
8 4

0 2 4 6 8§ 10
time/fs

The momentum gained by the object during
this 8 seconds is
A 12kgms’
B 32kgms™
C  44kgms’
D 52kgms’

E  72kgms .

Two trolleys travel towards each other in a
straight line along a frictionless surface.

2-0ms!
——

1-0ms™"

ilf—

> = Ukg
LN LN

The trolleys collide. After the collision the
trolleys move as shown below.

1-0ms™"
—- o
—

60 kg -}{)kg
L L

Which row in the table gives the total
momentum and the total kinetic energy after
the collision?

Total momentum, | Total kinetic energy/
kg m s 1
A 10 7-0
B 10 13
C 10 20
D 14 13
E 14 7-0

9
The diagram shows the masses and velocities
of two trolleys just before they collide on a
level bench.
6:0ms " —» Oms™
1-0kg 20kg
After the collision, the trolleys move along the
bench joined together.
How much kinetic energy is lost in this
collision?
A 0]
B 6-0]
C 12]
D 18]
E 24]
10

The momentum of a rock of mass 4 kg is

12kg ms .

The kinetic energy of the rock is

A 6]

B 18]
C  36]
D 144]
E 288].

21
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2. 'The apparatus shown is set up to investigate collisions between two vehicles on a

track.

motion sensor vehicle A vehicle B

S ol 6o

track

computer

The mass of vehicle A 1s 0-22 kg and the mass of vehicle B 1s 0-16 kg.

The effects of friction are negligible.

(@) During one experiment the vehicles collide and stick together. The computer
connected to the motion sensor displavs the velocity-time graph for vehicle A.

velocity/ms™
0-3

0-25

0-2
0-15

0-1

0-05
0

0 0-5 1 1-5 2 2-5

time/s

(1) State the law of conservation of momentum. 2
(1) Calculate the velocity of vehicle B before the collision. 3
(b) The same apparatus is used to carry out a second experiment.
In this experiment, vehicle B 1s stationary before the collision.
Vehicle A has the same velocity before the collision as in the first experiment.
After the collision, the two vehicles stick together.
Is their combined velocity less than, equal to, or greater than that in the first
collision?
Justifv vour answer. 4
9

22
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A force sensor 1s used to investigate the impact of a ball as it bounces on a flat
horizontal surface. The ball has a mass of 0-050kg and 1s dropped vertically,
from rest, through a height of 1-6 m as shown.

I-6m computer

force sensor

(@) The graph shows how the force on the ball varies with time during the
Impact.

foree/N
TOF---mm e

0 8 10 time/ms

(1) Show by calculation that the magnitude of the impulse on the ball is
0-35 Ns.

(n) What is the magnitude and direction of the change in momentum of
the ball?

(ii1) The ball is travelling at 5-6 ms ' just before it hits the force sensor.
Calculate the speed of the ball just as it leaves the force sensor.

{#) Another ball of identical size and mass, but made of a harder material, is
dropped from rest and from the same height onto the same force sensor.
Sketch the force-time graph shown above and, on the same axes, sketch
another graph to show how the force on the harder ball varies with time,

Numerical values are not required but vou must label the graphs clearly.

9)

23
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An experiment is set up to investigate the motion of a cart as it collides with a force
SEensor.

motion force
SEensor magnct magnct SENSsSOr
0-48ms™'
(_cart _H — »
sy . N\
horizontal track
to computer to computer

The cart moves along the horizontal track at 0-48 m s to the right.

As the cart approaches the force sensor, the magnets repel each other and exert a
force on the cart.

The computer attached to the force sensor displayvs the following force-time graph
for this collision.

magnitude
of force/N
6-4
0 025 050  timefs
o : . . . 3
(@) (1) Calculate the magnitude of the impulse on the cart during the collision.
3)

24
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Golf clubs are tested to ensure they meet certain standards.

{(a) In one test, a securely held clubhead 1s hit by a small steel pendulum. The

time of contact between the clubhead and the pendulum is recorded.

pendulum

golf clubhead

clamp

The experiment is repeated several times.

The results are shown.

248 us 259 us 251 us 263 ps 254 s

(1) Calculate:

(A) the mean contact time between the clubhead and the pendulum;

1
(B) the approximate absolute random uncertainty in this value. 1
(11)  In this test, the standard required 1s that the maximum value of the
mean contact time must not be greater than 257 ps.
Does the club meet this standard?
You must justify vour answer. 2
(b) In another test, a machine uses a club to hit a stationary golf ball.
The mass of the ball is 4-5 X 10 kg. The ball leaves the club with a speed
of 50-0ms™". The time of contact between the club and ball is 450 us.
(1) Calculate the average force exerted on the ball by the club. 3
(11)  The test 1s repeated using a different club and an i1dentical ball. The
machine applies the same average force on the ball but with a longer
contact time.
What effect, if anv, does this have on the speed of the ball as i1t leaves
the club’
Justify your answer. 2
%)
Total | 40

25




Homework 5 -

A satellite orbits a planet at a distance of
5-0 x 10" m from the centre of the planet.

The mass of the satellite is 2-5 x 10 kg.

The mass of the planet is 4-0 % 10%* kg.

The gravitational force acting on the satellite
due to the planet is

A
B
C
D
E

1-7x 10° N
2:7%10° N
1-3x 10" N
27 x 10" N
2:7 x 10™N.

The length of a spaceship at rest i1s L.

This spaceship passes a planet at a speed of

0-95¢.

Which row in the table gives the measured

lengths of the spaceship according to an
observer on the spaceship and an observer on

the planet?

Length measured

Length measured by
by observer on

observer on planet

spaceship

L L

L less than L
less than L L

less than L less than L

greater than L less than L

A rock of mass 0-B0kg falls towards the
surface of a planet.

The graph shows how the gravimoonal field
strength, g, of the planet varies with height, &,
above the surface of the planet.

g/Nkag'

14

12

hfkm
0 50 100 150 200 250 300

At one point during 1ts fall the weight of the
rock 15 4-0 M. The height of this point above
the surface of the planet is

A 15 km
B 20 km
C  105km
I 130 km

E  255km.

A spaceship on a launch pad 1s measured to
have a length .. This spaceship has a speed of
2-5% 10%ms as it passes a planet.

Which row in the table describes the length of

the spaceship as measured by the pilot in the
spaceship and an observer on the planet?

Length measured Length measured
by pilot in the by observer on the
spaceship planet
A L less than L
B L greater than L.
C L L
D less than L L
D greater than L L
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A page from a website on special relatvity 1s shown.

S
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[
The Lorentz factor appears in special relauvity relationships used
to calculate length contraction and ume dilation.

The Lorentz factor 1s represented with the symbol y.

[t is defined as:

where
v 15 the velocity observed in the reference frame

¢ 18 the speed of light in a vacuum.

Lorentz factor

0

4 —
&

=

[SS=T e e

(@) Explain what 1s meant by the term length contraction. 1

(b) Calculate the Lorentz factor when the ratio % = (-80.

2
(¢) Length contraction calculations use the relationship
- |I — .'lr' r
P
where the symbols have their usual meanings.
State this relationship in terms of I, [ and y. 1
(d) Explan, in terms of the Lorentz factor, why an observer can ignore relativistic
effects for an object which 1s moving with a velocity much less than ¢. 2
(6)
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Estimate the gravitational force of attraction between two students sitting beside

each other.
Clearly show your working for the calculation and any estimates you have made.

According to Newton’s Universal L.aw of Gravitation, the force exerted by the Earth
on an object is proportional to the mass of the object. A student suggests that this
means that a heavy object will fall with a greater acceleration than a light object.

Use vour knowledge of physics to explain why this is not true.

Total | 18
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Homework 6 - The Expanding Universe

The siren on an ambulance is emitting sound
with a constant frequency of 900 Hz. The
ambulance is travelling at a constant speed
of 25ms™ as it approaches and passes a
stationary observer. The speed of sound in air

is 340ms .

Which row in the table shows the frequency
of the sound heard by the observer as the
ambulance approaches and as it moves away
from the observer?

Frequency as Frequency as
ambulance ambulance
approaches/Hz moves away/Hz
A 900 900
B 971 838
C 838 900
D 971 900
E 838 971

Light from an element in a distant star is
observed by an astronomer. Analysis of
the line spectrum of this light shows it to be
redshifted compared to the line spectrum of
the same element on Earth.

Compared to the spectrum observed from this
element on Earth
A the frequency of each line in the

spectrum from the star is greater

B the wavelength of each line in the
spectrum from the star is less

C  the frequency of each line in the
spectrum from the star is less

D  the wavelength of each line in the
spectrum from the star is the same

E  the frequency of each line in the
spectrum from the star is the same.

Galaxies at different distances from the Earth
have been found to have different speeds.

The graph shows data for some distant
galaxies.

speed/km 5!

0000

20000 H *

10000

0

I | I I I
0 3 fi 9 12 15

distance/ » 1 0" km

A student studies this graph and makes the
following statements.

I

11

111

The speed of distant galaxies wvaries
inversely with their distance from the
Earth.

The gradient of the line gives the value of
Hubble's constant.

The unit for Hubble’s constant is s,

Which of these statements is/are correct?

[ only
1 only
I11 only

[ and I1 only

IT and I1T only

29



A galaxy 1s moving away from the Earth at a
velocity of 1-20 x 10"ms ™.

Light of wavelength 450 nm is emitted from
this galaxy.

When detected and measured on Earth this
light has a wavelength of

A 425 nm
B 432 nm
C 468 nm

D 475 nm

E 630 nm.

An astronomer observes the spectoum of
light from a star. The spectrum contains the
emussion lines for hydrogen.

The astronomer compares this spectrum with
the spectrum from a hydrogen lamp. The line
which has a wavelength of 656 nm from the
lamp 1= found to be shifted to 663 nm 1o the
spectrum from the star.

The redshift of the light from this star 1=

A 0011
B 050
cCo0-99
20
E 94

A train 15 travelling at a conswant speed of
16-0ms ' as it approaches a bridge.

A horn on the train emits sound of frequency
L8 Z.

The sound 15 heard by a person standing on

the bridge.
The speed of sound in air 15 340ms '

The frequency of the sound heard by the
person on the bridge 1s

A 265H=
B 2V7H=z
C 29 H=
[ 357Hz
E 361 H=.

By observing the spectrum of light received from galaxy M101, astronomers have
determined that the galaxy is moving away from us with a velocity of 5-5 x 10° ms™.

(a) Calculate the distance of the galaxy from us.

(b) The observation that galaxies are moving away from us 1s evidence for the
expanding universe. As the universe expands it cools down.

What property of the Cosmic Microwave Background has been measured by
astronomers to determine the present temperature of the universe?

1
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.."'l].] stars -I:]Tl.it radiaticm 1|-"."i.t|'l. a4 ranges -Df H’E.".'\'."IC‘I'I.E'I’.]'IS. IFI‘]'IE' [:H:E.Ii wa\'clcngth Cl-f
l'E.d.iE.t'i.Dl'l, Ap-ul‘ L‘I'I:'.Ii‘t‘l'ﬂd. fl'ﬂ-l!'.l'l a star iS- ]'I'_‘Iﬂ.tl"_‘l'_:l. o 'I'_.I'H.‘ S-I.ll'fﬂ.ff.‘ temperature, T‘, ﬂ-f ‘t]'l{‘
star.

The table gives the surface temperatures, in kelvin, of four different stars and the
pealk wavelength radiated from each star.

Surface temperature of star Peak wavelength radiated
T/K -~
4200 690 3 1077
5800 5-00 % 1077
7900 365 % 1077
12 000 2-42 % 1077

(@) Use all the data in the table to show that the relationship between the surface
temperature, T, of a star and the peak wavelength radiated, 211-51 from the star
15

291070
;Lpr.ak

(B) The blue supergiant star Eta Carinae 15 one of the largest and most luminous

T

stars 'i.El our HE.IE.?C}'. It L mia itﬁ l'E.l.'.I.] H‘L‘i.l!?l]'l 'l'l.-'it.l'l | ].'.If.‘ﬂl{ ‘ﬁl’ﬂ.\'f][‘l‘lgfh I!ZIII- I.I_'El TuIv.

Calculate the surface temperature, in kelvin, of this star.

() Radiation of peak wavelength 1406 mm can be detected on Earth coming from
all directions 1n space.

fi:l .‘ﬁl‘rl'l.ﬂt name iS gi"-"f_"]'l to Thiﬁ Fﬂdiﬂtiﬂn?

(1) Give a reason why the existence of this radiation supports the Big Bang
Theory.

(a) Experimental work at CERN has been described as “recreating the conditions
that occurred just after the Big Bang™.

Describe what scientusts mean by the Big Bang theory and give one piece of
evidence which supports this theory.

() Dwuring a television programme the presenter states, “ Looking through a telescope
at the mght sky i1s like looking back in time".

Use physics principles to comment on this statement.

Total
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