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H] Louise and Ryan stand a few metres apart on a stationary boat. Louise throws a heavy ball
to Ryan who catches it. Describe and explain the motion of the boat from the moment Louise
starts to throw the ball until just after the ball is caught by Ryan. Ignore all resistive forces.

[6 QER]
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#2 1. Matthew iz sliding down a snow-covered slope on a sledge. The total mass of Matthew and the
sledge is 62 kqg.

20°

T

fa) On the diagram the arrow represents the total weight, W, of Matthew and the sledge.
Add two more arrows to show the normal contact force on the sledge and the frictional

force on the sledge. [1]

(b) {ii Show that the component of B parallel to the slope is approximately 200M. [2]

iy Calculate the magnitude of the normal contact force. [2]

fc)  The sledge's acceleration just after it has started moving is measured to be 2.5ms™2.
Matthew believes that, starting from rest, it will take him less than 9.0 to slide 100m
down the slope. Evaluate whether or not he is comect, commenting on whether or not your

calculation is conclusive. [3]
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#3 3. (&) State Newton's second law of motion in terms of momenfum. [2]

(b} A momentum-time graph is plotted below for an object of mass 0.050 kg dropped (at time
r = [ from the top of a high cliff.
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(i) Show clearly that the resultant force on the object at r = 103 is approximately
DASM. [3]

(i) Deduce the magnitude of the force of air resistance on the object at r = 10s. [2]

{iiiy State the magnitude of the force of air resistance on the body when it has reached
its terminal velocity. [1]
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#H4 3. (a) State the principle of conservation of momentum. [2]

(b) Atrolley, X, travels towards a stationary trolley, Y. See diagram.

) )

The trolleys collide head-on. A momentum-time graph is given for trolley X.

Momentum / Ns §
5
trolley X=1t
% 10011\ 200 3007 Ime/ms
-5
(1) Trolley Y has a mass of 2. 4kg. Determine its velocity after the collision. [3]
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Using the same graph grid (opposite) carefully sketch a graph of Y’s momentum
between 0 and 300ms. [3]

Use the momentum-time graph for X to estimate the mean force on X during the
collision. [2]
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#5 2. A wooden block on a sining (ballistic pendulum) is a device that can be found at well equipped

shooting ranges. It is used to find the speed of a bullet. To calculate the speed it is necessary to
use the principles of conservation of energy and momentum.

(a] State the principle of conservation of energy. [1]

(B)  When a bullet of mass 10.0q is fired horizontally into a pendulum of mass 1.90kg, the
block rises through an angle of 43° as shown. The pendulum string is 2.00 metres long.

Just before impact Bullet just enters Block swings to
block maximum height

2.00m 2.00m

Z

V)

“» *‘/”// A “'ﬁ

Block and
bullet

(1) Show that the height, &, the block rises is approximately 0.70m. [2]

() Using the principle of conservation of energy, determine the velocity of the block
and the bullet just after the bullet has embedded itself in the block. [2]
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fc) (1) State the principle of conservation of momentum. [2]

() Determine the speed of the bullet just before it enters the block. [2]

{d) Discuss whether you feel it would be appropnate for a Physics teacher to carmry out this
experiment in school with a group of sixth form students. [2]
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H6

6. Emma inv&sﬁghates the viscosity of oil by measunng the terminal velocities of a number of
different sized ball beanngs as they move through it. She uses the following apparatus.

(] Ball bearing

e [|astic band, at position A
10.0cm
Elastic band, at position B

oil

{a) (1) Once released, a ball bearing attains terminal velocity before it reaches the elastic
band at position A. Explain what is meant by terminal velocity. [1]

(1) Atterminal velocity the two main forces acting on the ball bean;}g are its weight and
the drag of the oil. According to Newton's third law, for each of these forces there
is a corresponding equal and opposite force. Identify each of these forces and the
body upon which it acts. [2]
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(b) Emma measures the time it takes the ball beanngs to fall from the elastic band at position
A to the elastic band at position B. She camres out each measurement twice, and
obtains the following results. The distance between the two elastic bands is 10.0cm. The
uncertainty in this distance can be considered negligible when calculating the uncertainty
in the terminal velocity.

Ball bearing Time to fall Terminal velocity

Diameter, | (Diameter)®, | Reading 1 | Reading 2 Velocity, | Uncertainty,

dfcm d*lem® /s Is Mean/s v/iems™ A vfcms'r

024 0.058 14.0 146 143 +0.01

032 010 80 86 83 +0.05

0.40 0.16 53 59 1.8 t

0.48 023 36 41 26 +

0.64 0.41 22 19 21 438 03

Complete the table. Space has been left for any calculations if needed. 4]

(c) (i) Emma's friend, Fiona, thinks that the terminal velocity, v, is directly proportional to
the square of the diameter, d, of the ball bearing,

voe d?

Plot a suitable graph to check whether Fiona is correct. 4]
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() Evaluate whether or not Fiona is correct. [2]
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#7 a) A trolley, A is initially moving on a flat surface towards a stationary trolley, B, as in the
diagram.
N B
| 1.20 kg —_— 3.00 kg
7 - -

A datalogger is used to produce a velocity-time graph for A, starting before the collision
and continuing after the collision.

0.6
Trolley A's 4
wvelocity / ms 0.5
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(i) Calculate the resistive force on trolley A before the collision._ [31
(i) Calculate the work done by this resistive force between time r = 0 and time
r=2.0s. 31
i)y Determine the velocity of trolley B immediately after the collision. [fgrnore the effects
of resistive forces during the collision_j 41

(v Jasmine suggests that this is an elastic collision. Determine whether or not she is

right, showing your working clearly. [=1
(=) It is suggested that cars should be made of thicker metal. Discuss whether this is a good
suggestion. You may discuss environmental as well as safety issues. [31
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