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#1

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]

Question taken from Edugas examination paper 842001, June 2017
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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.

{a)

(o)

ic)

20°

T

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]

{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]

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]

Question taken from Eduqgas examination paper 842101, June 2018
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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.

Momentum / kgms™!
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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]

Question taken from Eduqgas examination paper 842101, June 2018
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#4

(a) State the principle of conservation of momentum.

(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 &

E
o

0 L= Time/ms

(1) Trolley Y has a mass of 2. 4kg. Determine its velocity after the collision.

STEMUP.CO.UK
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(i) Using the same graph grid (opposite) carefully sketch a graph of ¥'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]

Question taken from Edugas examination paper 842101, June 2019
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#5 2. A wooden block on a sining (ballistic pendulum) is a device that can be found at well equipped
shndb% 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]

Question taken from Eduqgas examination paper 842001, June 2019
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H6

6.

Emma invesﬁghatas the viscosity of oil by measunng the terminal velocities of a number of

different sized

@

all beanings as they move through it. She usas the following apparatus.

(] Ball bearing

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

oil

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]

At terminal 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 o fall Terminal velocity
Diameter, {Diap‘reter}lz, Reading 1 | Reading 2 Mean /s Velocity, Unt.ertaintr,
dfcm d*fem® /s Is viems™ Aviems™
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.

(c)

[

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

Plot a suitable graph to check whether Fiona is correct.

voe d?
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(i) Evaluate whether or not Fiona is correct.

Question taken from Edugas examination paper 842001, June 2019
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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.

A B
| 1.20 kg _— 3.00kg
= L )

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
O.4
0.3
0.2
L0 B R o o o I |
o
(o] =2 3
—0.1 BRI
i
111
—o.=2 HH
(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

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

Question taken from Edugas examination paper 842101, June 2017
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#1

H2

Marking Scheme

Question

Marking details

Marks available

AO1

AOQ2

AQ3

Total

Maths

Prac

When ball first thrown

When ball is thrown boat moves to left (backwards)
When released boat initially accelerates (to left)
[Forward] force applied to ball

Mention of N3 / conservation of momentum / N2
Ball in mid-air

When ball in mid-air boat travels with constant velocity
After release no farces acting

When ball caught

When caught boat decelerates

When ball caught boat comes to rest

When caught force in opposite direction
Conservation of momentum / N2 / N3

AO1 allocation — basic force analysis
AO2 allocation — application of forces and motion analysis

5-6 marks

Description of what happens to the boat when the ball is first thrown, in the air and
caught by Ryan along with reference to at least one physics law at any stage
There s a sustained line of reasoning which is coherent, relevant, substantiated
and logically structured.

3-4 marks

Description of what happens to the boat for any 2 of the following 3 stages: the ball
is first thrown, in the air or when caught by Ryan along with reference to at least one
physics law at any stage

There is a line of reasoning which is partially coherent, largely refevant, supported
by some evidence and with some structure:

1-2 marks
Description of motion of the boat at any stage or reference to at least one physics
law at any stage

There is a basic line of reasoning which is not coherent, largely imefevant,
supported by limited evidence and with very little structure.

0 marks
No attempt made or no response worthy of credit.

Question total

Guestion

Marking details

Marks available

AD1

AOD2

AD3

Total

Maths

Prac

1 (a)

Mormal force and frictional force shown by armows in correct
directions. Lakelling not required nor ‘correct’ positions, length
irrelevant

(b) (i)

Muliiplication of m by 9.81 [N kg] apparent (1)
Multiplication by cos 70° or sin 20° apparent (1)
[— 2087 210 N]

(]

(i) | [Because no acceleration normal to surface]

N=Wcos 20° or by implication (1)
N=570 Nor 572 N [Accept 571 N] (1)

P

(c)

Correct use of x = —az® (1)

One of: 101min 9.0s or 894]sfor100mor 100min 90 s
requires an acceleration of 247 ms@ (1)

Calculation predicts that he is right, but not decisive [or actually
the wrong prediction] owing to [increasing] air resistance, or
unevenness of show or not enough s.f. in data or recognition
that acceleration may not be uniform (1)

Question 1 total
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#3

#4

Question

Marks available

Marking details

A1 AO2 AOJ Total Maths Prac
(&) Rate of change of momentum proportional to [or equals] force(1) 1
Context or detail:
either resulfant force [.... body’'s rate of change of momentum]
or and takes place in the direction of the [resultant] force (1) 1 2
{b) (i) | Tangent drawn at r = 10.0 s (tolerate errors of judgement) (1)
Clear calculation of gradient (1)
Resultant force = 0.15 [+0.03] N Accept 3sf (1) 3 3 2
(ii) | Resultant force = weight — air resistance (or equivalent) used (1) 1
0.34M or 035N ecf (1) 1 2 1
(iii) | 0.49M [accept 0.5 M or D.50N] 1 1
[accept "= weight]
Question 3 total 4 4 0 8 3 0
. . . Marks available
Question Marking details AO1 | AOZ | AO3 | Total | Maths | Prac
(a) Wector sum of momenta [or total momentum] of [a number of]
bodies is constant [1]
provided no forces act from outside [that number] [1] 2 2
(b) 0] Apx =[] 5.5 [Ns] or equiv or by imp [1]
Apy = [+] 5.5 [Ns] or equiv or by imp [1] ecf
Y¥'s velocity after collision = [+] 2.3 [ms™] [1] ecfon 5.5 [N ] 3 3 2
(i) Up to about 120 ms, straight line along time axis [1]
After 120 ms upward sloping line followed by horizontal line
after 160 ms [1]
Honizontal line after 160ms at 5.5 [Ns] [1] 3 3 3
() Change of momentum in a At of 40ms [Accept any At between
30ms and 40ms] [1]
Mean force on X = (-)140N; ecf on (-)5.5Ns and 40ms [1] 2 2 2
Cluestion 3 total 2 0 10 6 0
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Ho

#H6

#7

Question

Marking details

Marks available

AO2

AO3

Total

Maths

Prac

2

(a)

Energy cannot be created or destroyed only changed from one
form to ancther

AO1

(b)

Length from top of pendulum = 2cos48° = 1.34 [m] (1)
Height pendulum rises = 2.00 — 1.34 = 0.66 [m] (1)

Yerm? = mgh (1)
v=360[ms] (1)

(c)

The vector sum of momentum before a collision equals the
vector sum of momentum after collision / Accept total for vector
sum of (1)

provided no extemnal forces act (1)

x36ect(1)

myw = 1.91
6) or 688 [msT] (1)

1
v = 687(.

(d)

Any 2 x (1) from:

- Students over the age of sixteen

- Legitimate reason for scientific leaming

- Needs to be transported through school play ground
-Possible dangers in transporting

- Risk assessment made

Cuestion 2 total

1"

Question

Marking details

Marks available

AD1

AO2

AO3

Total

Maths

Prac

B

(a)

(0

Constant / steady velocity no resultant / overall force acting

1

(ii)

Ball bearing attracted to (centre of) the earth and the earth
attracted to the ball bearing/ w.tte. (1)

Ball bearing pushing down on the il and the oil pushing up on
the ball beanng fwite. (1)

(b)

Mean time 1.e. 5.6 and 3.9 (1)

Velocity ie. 0.699 or 0.70 and 1.2 or 1.20 (1)

Uncertainty i.e. 0.1 and 0.2 (1)

All s f. consistent in all columns (accept first velocity value (i.e.
0699 or 0.70)to 213 s.£) (1)

Scale suitable with at least half of the paper used (1)
Axis labelled with units (1)
All points plotted correctly with error bars for v except first value

Suitable line of best fit (1)

Any 2 x (1) from:

- Straight line graph / constant positive gradient

- Through the ongin

- Line of best fit through all the error bars / close to all points

Cluestion 6 total

13

10
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#8

Question

Marking details

Marks available

AO1

AO2 AO3

Total

Maths

Prac

(a)

U]

Acceleration = % [=0.08] [m 5'2] or by implication (1)

02'106 1[N] (ecf on acc for this mark only) (1)

Force = 0.096 [N] (1)

[Deduct only 1 if wrong answer clearly due to arithmetical slip.]
Alternative:

Don’t award individual marks unless overall method clear
s =1.04 [m] (1)

viad = 0166 [m?s7] or AE, = 0.0988 [J] (1)

Force = 0.096 [N] (1)

Force =12 = [

(ii)

Distance = (12)(0.60 + 0.44) = 2.0 [= 1.04 m] or equiv or by imp
(1

Work = 0.096 « [calculated distance] [J] ecf on (a)(i) (1)

Work =010 [J] (1)

Alternative solution:

Final KE = (%) 1.2 x 0.44% [= 0.11616 J] or by imp (1)

Initial KE = (%2) 1.2 = 0.60° [=0.216 J] or by imp (1)

Waork =010 [J] (1)

(i)

Momentum of system before collision = 1.2 < 0.44 [= 0.528 N 5]
[or by implic] (1)

Momentum of A after collision =—-12 x 014 [=—0.168Ns] (1)
1.2x044=-12=014+ 3.0v or equivalent or by implic (1)
v=0.23[ms" tothe right] (1)

Penalty for failure to take account of A's velocity being to the left
after collision (gives v=10.12 [m 5'1]} is 2 marks if all else correct.
1 mark penalty for taking A's initial velocity as 0.60 [m 3'1]

(iv)

Initial KE = (%) 1.2 x 0.44° [=0.116 J] or by imp (1)

Final KE = (%) 1.2 = 0147 + (%) 3.0 x 0.232° [= 0.092 J] ecf (1)
[KE lost] so inelastic ecf (1)

ecf on A's initial velocity = 0.60 [m 3'1]

(b)

3 valid points made - 3™ mark can be a follow-up of one of
the points
Examples of "follow-ups' are preceded by dashes (-) below.

Better traction or equivalent
May reduce damage to cars in collisions
- Metal less likely to deform [under given stress, though
stress likely to be greaterl]

More damage to objects hit by cars
May increase damage to passengers during collisions
- Thicker metal likely to [decrease collision time and]

increase accelerations during collisions

Would increase fuel consumption
- Mare energy used to accelerate or more energy
dissipated in tyres.

More metal used [per car] [uses up resources faster]
Makes manufacture more difficult
Makes cars harder to repair if damaged

Question total

16

12
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Question

Marking details

Marks available

AO1

AD2

AO3 Total

Maths

Prac

(a)

Essentially F = ma (1)
u%"is rate of change of momentum for gases (1)
Hence it is (equal & opposite to force on rocket (of mass m) (1)

(b)

Mass will be (approximately) constant (1)
uand % constant from paragraph 3 (1)
Mass m is large and %" is small (1)

(€ |®

Unit is s not s OR accept wrong unit for 7

(i)

Subtracting 0.02 s (1)
Due to electromagnet delay OR systematic error in 7 (1)

(d)

x=ut +0.5ar" quoted or its use implied (1)

Leading to 1* = Zn
F

OR equivalent (1)

3
But 1= gradient and x = 1.4 so gradient = 2 x; A )
m

(e)

Multiplication implied and reference to equation or reference to
rate of change of momentum

Gradient equated to ? (1)

Gives 4.41 [N] or 4.409 [N] and so correct (1)
Alternative:

or Gradient = 28 (1
44
=10.64 or 0.636 so consistent (1)

(@ | ®

Change in wavelengthffrequency (1)
Due to motion (of source relative to observer) (1)

(i)

Point telescope/device at [Accept: observe] exhaust/gases (1)
Spectral analysis/prism/diffraction grating [Accept: pick out one
wavelength or equivalent] (1)

) AL v
Use Doppler equation or ba ==(1)
(4

Question total

15
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