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2 The diagram shows a metal block on top of a wooden block.

The metal block is held stationary by force F.
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(ii) Name a piece of apparatus that could be used to measure the weight of the T Sy
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X X (b) (i) State the formula linking moment, force and perpendicular distance from the pivot.
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(iii) Force F is applied to the metal block to stop it from moving.

Calculate the magnitude of force F.
(3)
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3 The diagram shows an air track that can be used to investigate motion without friction.

Air comes out through a series of small holes in the air track, which lifts the gliders
slightly above the track.

There are two gliders on the track.
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The poles of the magnets nearest each other are alike.
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(@) Explain the direction of the force acting on magnet A from magnet B.
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(b) The gliders collide and the magnets cause them to rebound.
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Before the collision, the momentum of glider A is 0.045 kg m/s to the right and
glider B is at rest.

(i) State the total momentum of glider A and glider B after the collision.
(1)

total momentum = ...
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o (i) After the collision, the momentum of glider A is 0.021 kg m/s to the left.

8 Calculate the momentum of glider B after the collision.
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(iii) The time taken for glider B to change its momentum is 0.19 seconds.
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Calculate the average force on glider B that causes this change in momentum.
(2)

I
QISR IIIILRNS,
B ISLLIILES

X
SRS

0505505

R0
boses

o0

ROSasatatetetotatototototorososaseietenes

SRS
CREL
fwygf,
&
SRS
= —
e average force = ... N
KGLLSL
0 ol
(50 K
P04 © 5%
RIS
920049 S H B . . . .
S o (iv) Give the direction of the force on glider B from glider A.
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2 Cricket is a sport played with bats and balls.

(@) (i) A cricket player hits a ball with a bat. Before the ball is hit, it is moving to the
left with a momentum of 4.2kgm/s.

The bat is in contact with the ball for 0.012s.
After the ball is hit, it moves to the right with a momentum of 6.7 kgm/s.

Calculate the mean force the bat exerts on the ball and state the direction of
the force.

mean force= ...

direction ...

(ii) State the magnitude and direction of the mean force the ball exerts on
the bat.

magnitude of mean force= ...

direction of force ...
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(b) The cricket player wears padded protective equipment.

This protective equipment reduces the risk of injury to the player if they are struck
by the cricket ball.

Explain how this protective equipment reduces the risk of injury to the player.

Use ideas about momentum in your answer.
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(Total for Question 2 = 7 marks)
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A crumple zone is a safety feature in a car.

It is a part of the car that is designed to collapse during a collision.
A student investigates the effectiveness of crumple zones.

The student rolls two model cars down a ramp.

Each car comes to rest when it hits a large metal block.

A data logger measures the mean force applied to the car during the collision with
the block.

The diagram shows the equipment used in the investigation.
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| logger
meta
block
——9© 00

Car 1 has a paper crumple zone at the front.
Car 2 has no paper crumple zone.

The table shows the student’s results.

Mean force on car from block = Velocity just before car hits block

Car inN inm/s
1 2.5 3.0
2 49 3.0

(@) The mass of each car is 0.074 kg.

Calculate the time taken for the velocity of car 1 to decrease from 3.0m/s
to 0.0m/s.

timetaken= . . S
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(b) State the magnitude and direction of the force on the metal block, when car 2
collides with the block.
Magnitude = ... N

direction = ..o

(c) Explain why the mean force from the block on car 1 is smaller than the mean
force on car 2.
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5 A space probe was launched in 2007. R
Its mission was to visit Ceres, a distant dwarf planet in the asteroid belt. g
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(@) The space probe sends data back to Earth as a radio wave. O
2
The sketch graph shows how the radio wave changes as the radio wave travels 8
in free space towards the Earth. rn
distance travelled
(i) State what happens to the amplitude, wavelength and speed of the radio wave
as it travels in free space towards the Earth.
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(ii) When the probe was near Ceres, it was difficult to steer the probe by remote control
from Earth.

Why was it difficult to steer the probe by remote control?

A there was a time delay for signals travelling to the probe from Earth
B the distance between the asteroid and the Sun changed

C there was a reduced gravitational pull of the Earth on the probe

O 0O o o

D the small size of the asteroid made the probe weightless
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(iii) The radio signals sent to the probe are digital.

Which row of the table gives a correct comparison of digital radio signals
with analogue radio signals?

Digital radio signals Analogue radio signals
travel faster easier to remove noise
travel faster harder to remove noise

travel at the same speed harder to remove noise
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(b) The space probe has some solar cells to provide electrical energy.

The total area of the solar cells is 36.4 m>.

When the space probe is near Earth, each 1.0 m? of solar cell generates 0.275kW. =

Calculate the electrical power generated by these solar cells.
(2)

)NOTWRITE INTHISAREA =~~~

electrical power = ... kw

(c) The probe is propelled by an ion thruster which produces a force of 91 mN.

Calculate the change in momentum that this force produces in 25 minutes.
(3)

S

change in momentum = ... kgm/s
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7 The photograph shows a fruit seller using a yard-arm to weigh fruit.
The yard-arm consists of a steel bar about 1 m long, with a basket at one end and
a moveable weight at the other end.
It is held up by a hook which is fixed to the bar close to the basket.
The diagram shows a yard-arm being used to find the weight of five bananas.
hook
steel bar
¥ 1 ]
moveable
scale
basket of
bananas
(@) Draw an X on the diagram to show the pivot point.
(1)
(b) State the principle of moments.
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o L
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: (c) The support for the basket is 14.1 cm from the pivot.
U The moveable weight is 84.6 cm from the pivot and weighs 1.25N.
ZZQZZ
j % j Calculate the weight of the five bananas.
. _l .
= [ignore weight of steel rod and basket]
2 (3)
=
o
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=+
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weight of five bananas= .. ... N
(d) Calculate the mass in grams of one banana.
(3)
T Z
6@ 5"
: 8 foneb
R5 oy mass of one banana= ...
3 ?:g (e) Suggest two ways that the fruit seller could alter his yard-arm so that he could
Sk 85 measure larger weights.
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7 A game is played on a table with balls of different colours.

(@) The diagram shows the white ball moving across a flat surface.

: v=52m/s

white ball

(i) State the formula linking momentum, mass and velocity.

(ii) The white ball has a mass of 170g.

Calculate the momentum of the white ball.

momentum = ...

(1)

(2)
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(b) The white ball collides with a stationary black ball.

: v=52m/s ’ Q—V» . v=5.0m/s

white ball black ball white ball black ball

before collision after collision

(i) The black ball has a mass of 160g.

After the collision, the black ball moves away from the white ball with a velocity
of 5.0m/s.

Calculate the velocity of the white ball after the collision.

velocity of white ball = ... m/s

(ii) During the collision, the white ball exerts a force of 80N on the black ball.
The direction of this force is to the right.

State the magnitude and direction of the force the black ball exerts on the
white ball during the collision.

magnitude of force = ... N

direction of force = ...

(Total for Question 7 = 9 marks)
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