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In the following booklet there are several questions based on
the module ‘3.4 Mechanics and Materials’. These questions are
additional to the work which you must do on your A-Level
course.

To gain the highest grade possible in your A-Level
examinations it is recommended that you complete
these questions in the supervised study sessions carried
out in school.

This will both familiarise yourself with both the concepts found
in the A-Level syllabus and the examination technique found in
examinations.

The mark scheme to the questions is integrated in the book for
you to use independently.

To improve competency in answering questions on
mechanics and materials and achieve mastery in this
module, answer all of these questions independently.

When you have completed your work in this book, please store
this work in your student files.

Many thanks for all of your hard work in A-Level Physics.

Mr. Turnbull
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QUESTION ONE

1.1 Calculate the weight of an ice cube that has volume 4.0 x 10®m3

Density of ice = 920 kg m~3

[2 marks]

1.2 Figure 5 shows the ice cube floating in a beaker of water.

Figure 5

When the ice cube is placed in the beaker, it displaces a volume of water causing the water
level to rise.

The weight of water displaced is equal to the weight of the ice cube.
Calculate the volume of water displaced by the ice cube.

Density of water = 1000 kg m=

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 3
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1.3 The ice cube in Figure 5 is replaced by another cube also with volume 4.0 x 10-® m3
This cube is made of ice containing a small piece of iron.
The mass of water now displaced is 3.9 x 1073 kg
Calculate the volume of the piece of iron.
Density of iron = 7800 kg m=3
[3 marks]

Reference: AQA AS Physics Examination Paper 1 June 2018

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 4



St Mary’s Catholic School

MARK SCHEME
Question Answers Additional Comments/Guidelines Mark
i (use of p=MV)
M=40<10" «920=368 « 107 (kg)v |
1.1 weight = 3.68 x 107 « 9.81 = 3.6 = 1072 (N ect for second mark .
1 sigfig -1 mark
1.2 V=368 x 10771000 = 3.7 (3 68) x 1075 m’v ecf 5.1 from mass calculation |
[ THREE FROM
1.3 any mass dividad by 7800+ Ignore mass value If awarding fast mark 1
. Vx 7800 4 (4.0 x 107°-V) x 920 =39 » 107 v 1
6880 V=30 x107-368 x 107 v 1
V=32=10"m’v (MAX 3)
ER [ 6
Revision Reflection
A1. Could you answer this question without any help?
A2. Could you answer this question correctly?
A3. Did you encounter any problems with this question?
A4. Do you need to carry out further revision on this topic?
Revision Target
From this question, are there any targets you need to set for revision? What are they?
A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 5
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QUESTION TWO

2. Figure 4 shows a uniform beam supported by two light cables, AB and AC, which are
attached to a single steel cable from a crane. The beam is stationary and in equilibrium.

Figure 4

___steel cable

A

———— ————

o)

2.1 State two necessary conditions for the beam to be in equilibrium.

[2 marks]
Condition 1
Condition 2
2.2 State what is meant by the centre of mass.
[1 mark]
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2.3 Explain why the centre of mass of the beam in Figure 4 must be vertically below A.

[2 marks]
2.4 The weight of the beam is 12 000 N
Calculate the tension T1 in cable AB and the tension T in cable AC.
[4 marks]
T1 = i, N
T2 =i, N

2.5 The steel cable from the crane has a circular cross-section of diameter 1.5 x 102 m

The cable is 12 m long.

Calculate the extension of the cable caused by the weight of the beam. You can assume that
the weights of all cables are negligible.

Young modulus of steel = 2.0 x 10! Pa

[3 marks]

Reference: AQA AS Physics Examination Paper 1 June 2018
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MARK SCHEME

Question

Answers

Additional Comments/Guidelines

2.1

resultant/overall’sum of forca = 0 OR forces up equal forces down
AND forces left equal forces nightv

(sum of) anticlockwise moments {about any point) = (sum of)
clockwise moments/zero resultant moment'torquey’

2.2

EITHER

the poent through which (the line of acton of) a force has no tuming
effect/causes no rolabon’ no torque’

OR

where the mass of the body can be considerad o ba concentrated
OR where the weaght can be considerad to acty’

NOT whers mass can be consdered 1o act
lanore reference to force of grawty

2.3

5o there 15 not a resuitant momentiumingeffect / turming forceOR
moments do not balance OR (beam) does not rotala/oscifate/swing v
about A/ because A |s pivol ¢

Allow moments balanced for no resuftant moment

2.4

Tz
12000 N

T
Ty = 12000 cos 53¢
Ty = 7200 (7221) (N)¥
Ta = 12000 sin53v
Tz = 9600 {9583) (N)¥

OR

If Ty and T2 are the wrong way round get 3 out of 4
It scale drawing 2 max +/- 300(N)

It values out by a factor of 10 then -1 (L.e confusion
over q)

—

o

e

T, cos 53 + T, cos 37 = 12 000v

2.5

Tisin 53 =T25n 37v

T2 = Ty sin53/5in37

hence

Ty c0s53 + T1sin53 cos37/5n37= 12000
Ty = 7200 (7221) (N)v

T2 = 7221 sin53/am37 = 9600 {9583) (N)¥

(use of A = FVAE)

A= (0.75= 107 (= 1.167 x 107
A=12000 % 12/(1,767 » 107" » 200 = 10%)v
A=41x=10"(m)

No attempt to calculate area scores zero

wrong area (e.9. d° or 2nr or 2nr)  maximum 1
mark unless diameter usad for radius in T then
maximum 2 mark

accept 4.0 « 107

If4 = 10~ then -1 as 1 sig. fig.

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1
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Revision Reflection

A1. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

AA4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 9
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QUESTION THREE

3. Figure 1 shows a truck moving freely down a ramp inclined at an angle to the horizontal.

Figure 1

A

The truck starts from rest at the top of the ramp and reaches point A. Friction and air
resistance are negligible.

As the truck moves down the ramp to point A, its centre of mass has a total vertical
displacement of 8.0 m

3.1 Calculate the speed of the truck at point A.

[2 marks]

3.2 Figure 2 shows the truck moving down a ramp with a varying slope.

Figure 2

C D

The truck starts from rest and moves freely down the ramp. It reaches point C and then moves
along the horizontal runway to D. Friction and air resistance are negligible.

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 10
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Discuss how the acceleration of the truck in Figure 2 differs from the acceleration of the truck
in Figure 1.

[3 marks]

3.3 The total vertical displacement of the centre of mass of the truck in Figure 2 is also 8.0 m

The speed of the truck when it reaches the horizontal runway is the same as the speed of the
truck in Figure 1 when it reaches point A.

Explain why.

3.4 The horizontal runway in Figure 2 has negligible friction and air resistance. As the truck
moves along the runway, it starts to rain. The rain falls vertically and water collects in the truck.

Discuss whether there are any changes in the momentum of the truck and collected water.

[3 marks]

Reference: AQA AS Physics Examination Paper 1 June 2018

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 11



St Mary’s Catholic School

Question Answers Additional Comments/Guidelines Mark

(use of gain 1) E; = Ioss i Ep) Bald comrect answer scores 1 mark

3.1 112my" = mgh If use v* = u? +2as then zero
12v- =981 « 8.0v Unless resolved g along slope
(v=V2=981=80)=13(125)(ms") ¥ use 10for g (-1) 1

Gets sacond mark If answer rounds to 13 1

THREE FROM
acceleration of truck in Fig 1 15 constantv
In Fig.2 !

3.2 acceleration is greater/greatest at starttopv '

" acceleration decreasesy 1
reference to zero accaleration/uniform vedocity between C and Dv 2 MAX
because the component of welght/acceleration paraliel to the slope ( )
changesv

3.3 the lass of (gravitatonal) potential energy 1s the same '
- hence gam in kinetic energy Is the samev
THREE FROM It say: 'vertical momentumivalocty of rain
rain has no (inthal) honizoolal momentum drops/water changes to honzontal 1
3 4 vertical momentum of rainwater decreases v (momentum/velocity)' score 2 marks i

- there is no extemal (honzontal) impulse/force on the truck (and water '
system) v
mass (of truck) increases but speedvelocity decreasesy’ (3 MAX)
harizontal momentum of water increases (but horizontal momentum of

truck decreases by same amount) v
{s0) no change in (horzontal) momentum of truck and collectad Cannot score last mark if stated that speed/velocity
water/total momentum v of truck does not change

| Tota | 9

Revision Reflection

A1l. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION FOUR

4. The world land speed record of 341 m s~ was set in October 1997. In an attempt to break
this record, a new supersonic car has been developed called the Bloodhound.

The developers of the Bloodhound have used computer modelling to produce a velocity-time
graph for the predicted motion of the car, on a straight track, during the record attempt.

500 —

400
E 300 -
‘B
._ﬁ 200 —
=

100 —

0 - T | T | T T | T | | | 1

0 10 20 30 40 50 60 70 80 a0 100 110 120
Time / s
4.1 A track of length 23 km is available for the record attempt.

Determine whether this track is long enough.

[3 Marks]

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 13
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The car has two different engines: a jet engine providing a thrust of 89 kN and a et engine

providing a thrust of 120 kN.

4.2 The jet engine runs throughout the car’s acceleration stage. The rocket engine runs for
only part of that stage.

State the time at which the rocket engine is started during the car’s predicted motion.

[1 Mark]

4.3 Use the graph to determine the maximum positive acceleration of the car.
[2 Marks]
Maximum positive acceleration of the car = .......ccoovviiiiiiiiiinnns ms2

4.4 Calculate a value for the frictional force acting on the car when the positive acceleration is
a maximum.

[3 Marks]

Mass of car including fuel at this time = 7790 kg

Frictional force during maximum positive acceleration = ..........cccooeiiiiiniiiinnnns N
A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 14
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oy

4.5 Discuss, with reference to the graph, the factors that would have been used s
motion of the car over the 120 s.

edict the

I

[6 Marks]

Reference: EdExcel AS Physics Paper 1 June 2018 Examination

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 15
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MARK SCHEME

%‘:::: Acceptable answers Additional guidance Mark
4.1 *  Attempt to find area under the graph (1) | MPI: use of mangles or connung squares
* Length from 18 000 mto 20 000 m (1)
¢ Companson of calculated value to 23 km (1) | MP3: conclusion to be consistent with calculated valoe 3
e 2 The length 1s Jong enough E le of calculation

Area under the graph {(connting Jarge squares)

=187 > 100ms" » 10s=18700m

4.2

e 26-28¢ (1) | Umt requured 1
4.3 ®  Use of gradens of the graph berween 28 and 46 s (1) | Example of calculation
e Acceleraton=16-17ms™ 1) Gmd:cmofmngmm"o'"'”'““'"
g 529-222
Acceleranon = 16 3 ms 2
4.4 o Use of EF = ma using 4 from (ii) (1) | Example of calculation
41200« 10N - F=77 «163 3
o EF=(89+120)« 10N~ frictional force g).| G120 10N R=7190 I 163 %m¢
F=820x10'N
® Frictional force = 80 kN to 84 kN (full ecf for acceleration) ) 3

This question assesses a student’s ability to show a coherent and logically The following table shows how the marks
4.5 structured answer with linkages and fully-sustained reasoning. should be awarded for structure and lines of
reasonin
Marks are awarded for indicative content and for how the answer 1s &
structured and shows lines of reasoning.
Number of
The following table shows how the marks should be awarded for indicative marks
content awarded for
Number of indicative marking| Number of marks awarded for ::;\ig;fdf
points seen in answer indicative marking points sustained
6 4 line of
5-4 3 reasoning
3.2 2 Answer shows a coherent
1 1 and logical structure with
0 0 linkages and fully ,
S— sustained lines of -
Indicative content .
reasoning demonstrated
e At greater speed, the drag force is greater throughout
Answer 1s partially
¢ Resultant force decreases Or acceleration decreases structured with some .
e When the rocket is started the (resultant) force/thrust increases linkages and lines of
reasoning
e The mass/weight of the car decreases as fuel 1s used up Answer has no linkages
¢ Increasing the acceleration (for a given applied force) between points and is 0
. . ) unstructured
e When the brakes are applied, there 15 a deceleration
Or when the brakes are applied the resultant force 1s in the opposite
direction
Or deceleration (due to drag forces) decreases due to smaller drag 6
forces acting on the car at lower speeds

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 16
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Revision Reflection

A1l. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

AA4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 17
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QUESTION FIVE

A thin wire of negligible mass is used to hang a picture on a wall. The wire is hung over a nail
and can be attached to the picture using arrangement 1 or arrangement 2, as shown.

____nail

arrangeiment 1 arrangement 2

5.1 Deduce which wire arrangement should be used to keep the tension in the wire as small as
possible.

[4 Marks]

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 18
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5.2 It was observed that if the wire was not hung with its midpoint over the nail, as in
Diagram 1, the picture moved and then remained in the position shown in Diagram 2.

Diagram 1 Diagram 2

Use the idea of moments to explain why.

[3 Marks]

Reference: EdExcel A Level Physics Paper 1 June 2018 Examination

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 19
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MARK SCHEME
%nestliu Acceptable answers Additional guidance Mark
5.1 ‘“’ﬂg]u of the prcture 15 equal to the vertical component of - MP1- may be unplied in an squation. accept mg = Tcosf
ension
mg/2 = Tcost MPL1/2: mg2 = Teos# with & defined scores 2 marks
where & 1s the angle between the wire and the vertical (0
MP2/3: the angle used must be defined w words or on the
As the angle (to the vertical) is the smaller i amangement 1, diagram. Answer can be umn terms of sin & 1if @ defined as
the cosmne of the angle wall be lasger m the angle berween the ware and the honzontal
e.g MP2: mg=2Tsuf
MP3: angle larger in | o sme of angle 15 lurger
Asrrangement | as the tens the ware 15 | than
arrangement 2 = PR o TR = M MP4 conditional MP2 or MP3 4
5.2 The weight does not act thwough the nml/pivot Accept centre of mass for centre of gravity
Or the centye of gravity 15 not mn lme/below the nasl/prvot
Or there 1s a perpendicular distance berween the weight (Allow anaotstions 10 & disgram with sdditional
and the nul/pivot q | cxwlanaton for MP1/3)
There 15 now a moment of the weight
Or the anticlockwise moment 15 greater than the clockwise
moment 8]
" MP3 Accept: the mrmng moment being 0 Or the
b]:‘[eo:\d:;eﬂ:;d‘he picture stops moving when the c of g 1s m clockwise moments equal to the anti-clockwise moments 3
Revision Reflection
A1. Could you answer this question without any help?
A2. Could you answer this question correctly?
A3. Did you encounter any problems with this question?
A4. Do you need to carry out further revision on this topic?
Revision Target
From this question, are there any targets you need to set for revision? What are they?
A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 20
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QUESTION SIX

(a) Onthe axes of Fig. 7.1, sketch a stress against strain graph for a typical ductile material.

A
stress
0 =
0 strain
Fig. 7.1
[2]
(b) Circle from the list below a material that is ductile.
jelly copper ceramic glass [1]
(c) Define ultimate tensile strength of a material.
______________________________________________________________________________________________________________________________________________ [1]
(d) State Hooke's law.
.............................................................................................................................................. [1]

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 21
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(&) Fig.7.2 shows a mechanism for firing a table tennis ball vertically into the air.

ball = ___ platform
e —
——— spring
spring fixed E:: 2::
- —)

to plate — 1= plate

O

# pull and release

to fire ball
Fig. 7.2

The spring has a force constant of 75Nm~'. The ball is placed on the platform at the top of
the spring.

(i) The spring is compressed by 0.085m by pulling the platform. Calculate the force exerted
by the compressed spring on the ball immediately after the spring is released. Assume

both the spring and the platform have negligible mass.

(i) The mass of the ball is 2.5 x 10~2kg. Calculate the initial acceleration of the ball.

acceleration = .. ms2 [1]

22
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(iii) Calculate the maximum height that could be gained by the ball. Assume all the elastic
potential energy of the spring is converted into gravitational potential energy of the ball.

[Total: 11]

Reference: OCR Physics Unit 1 June 2009 Examination
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MARK SCHEME
Question Expected Answers Marks Additional Guidance
7 | (a) Straight line through ongin (judge by eye) B1
l Correct shape of curve in the plastic region B1
(b) Copper B1
{c) Maximum stress matenal can withstand (before B1 Allow: UTS = breaking stress
fracture) Allow UTS = breaking force /(cross-sectional) area
(d) axtension (or compression) « foree (as long as B1 Allow ‘load’ mstead of force
| afastic imit 15 not exceaded) Not. x = F  unless the labels are defined
(e) | (i) | force = 75 » 0.085 1
F=638(N)=64(N) Al
W ‘ acceleration = ;:)—‘18(:" Note a = L :”mg gives 2540 (m %)
| acceleration = 2550 (m s B1 | possibie ect
(i) | Correct setection of equation: mgh / Lkv*/ L Fx C1
0.0025%9.81 h=é-» 75% 0,085 C1
height = 11 (m) ) Al Note: Bald answer of 11 (m) scores 3/3 marks
Total 1"

Revision Reflection

A1. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

AA4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1
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QUESTION SEVEN

7. A shaduf is a device used to lift water from a well. It consists of an upright support to which
a uniform beam is pivoted. It can be assumed that the weight of the beam is negligible. On one
end of the beam is a counterweight, and on the other a bucket which can hold the water.

Figure 9 shows a diagram of a typical shaduf.

Figure 9

counterweight 9_6_".]

pivot

bucket

e et e e o~ d

The counterweight is of uniform material and has a weight of 50 N. It is 0.60 m long.
7.1 Calculate the moment of the counterweight about the pivot when the beam is horizontal.

[2 marks]

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 25



St Mary’s Catholic School

The bucket has a weight of 120 N and has a capacity of 0.16 m3. When the bucket is half full, a
force is required at the end of the beam to lift the bucket and water.

7.2 Calculate the value of this force when the beam is horizontal.
density of water = 1000 kg m=3

[5 marks]

7.3 Explain how the force in Question 7.2 would be different if the weight of the beam is not
considered to be negligible.

[3 marks]

Reference: AQA A Level Physics Paper 1 Examination Specimen Paper

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 26
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MARK SCHEME
Question | Answers Additional Comments/Guidance | Mark |
l Distance 1o cantre of mass of counterwesaht from No credit for use of 3.2 m (or 2.6 m) here, but maybe ecl later
7.1 pivot =2.9m v 2
l Moment = (fxd=50x29=)145(Nm) v
[ mass of waler = 0,08 « 1000 (= 80 kg)v No credit for 1000 x 1.6 here
7.2 total weight of bucket + water = B0g + 120 (= 905 N)v Allow ec! from any mass
- moment of bucket + water = 905 x 1.4 = 1270 (N m)¥ Ecf from Q6.1 5
WS 14=145+F32 v
I 350 {N)v
| Wexght of beam acts to nght of the pivot/centre of mass s to
the nght of the pivot v . .
7.3 provides an additional clockwise moment: ¥ Nead "moment” and some sense ol direction 3
Therators ifie value:calcuiated in (162 would be 1645 10 Tidve No credit for unsubstantiated statement of change of force
| equitbrum v
Revision Reflection
A1. Could you answer this question without any help?
A2. Could you answer this question correctly?
A3. Did you encounter any problems with this question?
AA4. Do you need to carry out further revision on this topic?
Revision Target
From this question, are there any targets you need to set for revision? What are they?
A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 27
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QUESTION EIGHT

8. Two brackets, A and B, support a shelf of length 1.2 m. Bracket A is positioned 0.15 m from
the left-hand end of the shelf. A book is placed 0.35 m from the left-hand end of the shelf as
shown.

L || : 1
LI 035 L]
A oW B

0.15m

8.1 The normal contact forces of each bracket on the shelf are equal.
Determine the distance of bracket B from the left-hand end of the shelf.
Weight of book = 8.5 N

Weight of shelf = 14 N

[5 Marks]

8.2 Bracket B is moved closer to the left-hand end of the shelf.
Explain the effect on the magnitude of the normal contact force of bracket B on the shelf.

[2 Marks]

Reference: EdExcel International A Level Physics Paper 1 January 2019 Examination
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MARK SCHEME

Question | Answer Mark
Number
8.1 e Use of IF =0, seen or implied (1)

e« F=1IN (1)

e Use of moment of force = Fx (with any corresponding foree and
known distance from an end. A or midpoint) (1)

e Use of the principle of moments

1)

e x=0.86m ) =

Example of caleulation
Fa+Fe=85N+14N=225N
Fa=Fgn

2F=225N

F=1125N

if moments taken from the left end
(11.25 N x0.15m) + (11.25 N xx) = (8.5 N x 0.35m) + (14 N x 0.60 m)
x=0.861m

if moments taken from midpoint
(1125 N x 045 m)=(11.25 N xx) + (8.5 N x 0.25 m)
x=0.261 m so distance =0.261 m + 0.6 m=0.861 m

if moments taken from A
(85N x020m)+(14Nx0.45m)=(11.25N x x)
x=0.711 m so distance = 0.711 + 0.15m = 0.861 m

8.2 The moment (of B) must be the same (1)

For a smaller distance (from the left end of the shelf), the (normal
contact) force must increase M

Total for question 13 7

Revision Reflection

A1. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION NINE

A lift has a mass of 500kg. It is designed to carry a maximum of 8 people of total mass 560 kg. The
lift is supported by a steel cable of cross-sectional area 3.8 x 10~4mZ2. When the lift is at ground
floor level the cable is at its maximum length of 140m, as shown in Fig. 3.1. The mass per unit
length of the cable is 3.0kgm™'.

OF

steel cable

IS

] 140 m

lift shaft —__
-\-H"""-\-..

T
o
)

ground floor ——— m  ——

Fig. 3.1

(a) Show that the mass of the 140m long steel cable is 420 kg.

[l
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{(b) (i) The lift with its 8 passengers is stationary at the ground floor level. The initial upward
acceleration of the lift and the cable is 1.8ms™. Show that the maximum tension in the

cable at point P is 1.7 x 104N.

[4]

(ii) Calculate the maximum stress in the cable.
Stress = Pa [2]
[Total: 7]

Reference: OCR Physics Unit 1 January 2010 Examination
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Question Expected Answers Marks | Additional Guidance
3 (a mass = 140 « 30 (=420 k 81 420
(@) 140 204 0 Allow: —— =140 (reverse argument)
30
| (b) | (i) | total mass = 500 + 560 + 420 (= 1480 kq) [&] Note:
Omitting one of the masses - can score maximum of 3
total welght = 1480 « 9.8(1) / total weight = 14520 (N) [ C1 Omitting two masses — can score maximum of 2
net force = 1480 = 18 /  net foroe = 2664 (N) €1 | Examples:
3 marks if mass of cable 15 omitted
tension = 14520 + 2664 Cl tension = 1908 +10400 = 1.23 = 10 (N)
2 marks if mass of cable and people are omitted
tension = 1.7(2) = 10* (N) A0 tension = 900 + 4905 = 5.8 « 10° (N)
Note: 4 marks for tension = (m(g +a) =) 1480 « (981 + 1 8)'
(i) T2x10° B C1 | Possible act from (i)
stress = ——— [ stress = ————
3.8x10 = 3.8x10 Al Note: A tension of 17 = 10° (N) gives an answer of 4. 4(7) 107 (Pa)
stress = 4. 5(3) x 107 (Pa)
| Total 7

Revision Reflection

A1. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

AA4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION TEN

(a) An electron in a particle accelerator experiences a constant force. According to one student,
the acceleration of the electron should remain constant because the ratio of force to mass
does not change. In reality, experiments show that the acceleration of the electron decreases

as its velocity increases. Describe what can be deduced from such experiments about the
nature of accelerated electrons.

80ms 2
praEatyly
Fig. 4.1
(i) On Fig. 4.1, show the harizontal (x-direction) and vertical (y-direction) components of the
veloecity. [2]
(ii) Calculate the horizontal (x-direction) component of the velocity.
velocity = o ms~! [1]
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(c) Fig. 4.2 shows a ship 8 being pulled by two tug-boats.

Not to scale

—————————————————— ~ direction of
travel of
ship 8

Fig. 4.2

The ship is travelling at a constant velocity. The tensions in the cables and the angles made
by these cables to the direction in which the ship travels are shown in Fig. 4.2.

(i) Draw a vector triangle and determine the resultant force provided by the two cables.

resultant force = . kN [3]

(ii) State the value of the drag force acting on the ship §. Explain your answer.

[Total: 10]

Reference: OCR Physics Unit 1 January 2010 Examination
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Question Expected Answers Marks Additional Guidance
4 | (a) The mass (of the electron) Increases M1 Not: mass ‘changes' / ‘slectron becomes haavier
as its speed approaches ¢ / speed of light / 3 « 10° Al
%"

(b) | (I) | Aline with comrect arow in the y direction has length B1
of 14 1o 16 ‘small squares’
A line with correct arrow in the x direction has length B1 Note' If correct arrows are not shown, then maximum mark 1s 1
of 24 to 26 'small squares’

(i) | component = (8.0cos31=)6.86 (ms )or69(ms") | Bl | Allow: 6.85as BOD

(e)| )

Correct vector tnangle drawn 81 Note: Expect at least one labal on the sketch, eg: 2.14, 1.5, 90°
The ‘onentation’ of the triangle 1s not important
The directions of all three ammows are required
214 (kN) 1.50 (kN)
ag®
(resultant force)® = 2,147 + 1.50° C1
resultant force = 2 61 (kN) Al Allow: 2 sf answer of 2.6 (kN)
Allow & scale drawing; 2 marks if answer 1s within =0.1 kN and 1
mark f £ 0.2 kN
Alternative for the C1 Al marks
1.50c03(55) or 2.14c0s(35) C1
resultant force = 1. 50005(55) + 2 14c0s({35)
resultant force = 2.61 (kN) Al
() | 2.6(1)(kN) B1 Possible ecf
(Constant velocity implies) zero net force / zero B1 Not: rasultant force = drag' since the first B1 assumes this
acceleration
Total 10

Revision Reflection

A2. Could you answer this question correctly?

A1. Could you answer this question without any help?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION ELEVEN

11. When concrete is first made it has a high moisture content. As the concrete dries its
properties change.

A manufacturer of concrete carried out compression testing of cylindrical samples of concrete
using the equipment shown.

2 a

applied force

concrete sample _
under test

_compression sensor

The diagram shows stress-strain graphs, up to the fracture point, for concrete samples 2 days
and 28 days after being made.

140
28 days
120
100

&0+

{ MPa

2 days

60

stress

40

20+

| | | | | | |
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
strain

11.1 As the concrete dries its Young modulus increases.

Show that the value for the Young modulus of the concrete after it has dried is at least 1.3
times greater.

[4 Marks]
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11.2 The energy absorbed before fracture by the 28-day old sample is less than the energy
absorbed before fracture by the 2-day old sample.

The area under a stress-strain graph gives the energy absorbed per unit volume of the sample.
The energy absorbed before fracture by the 2-day old sample is 0.35 MJ m=.

Determine the percentage reduction in the energy absorbed before fracture between the 2-day
old and the 28-day old samples.

You may assume that the volumes of the cylindrical samples are the same.

[3 Marks]

11.3 Manufacturers recommend leaving concrete blocks to dry for at least 28 days before use.
Discuss why.

[3 Marks]

Reference: EdExcel International A Level Physics Paper 1 January 2019 Examination
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MARK SCHEME

Question
Number

Answer

Mark

11.1

11.2

e Use of Young modulus = gradient (of either initial limear region of
graph)

(MP1 accept ratios of co-ordinates up to strains of (E28)0.0015 or (E2)
0.0014)

e See3.2t03.3x10(Pa)Or4.2to4.4x10" (Pa)

e Comparison of the two values obtained
1.e. use of Eag/ E2 Or (Ex— Ea2)/E>

o FEyy Ey=1.30to 1.40 Or (Exs— E2)Ex=10.30to 0.40

(MP4 is conditional on candidates using the linear sections for both
graphs in MP1)

Example of calculation

140 %10 © Pa
Eyg=————— =438 x 1010 Pa
0.0032
104 %10 % Pa -
Er=—""=325x10!"Pa
0.0032

438 x1019Pa -
Exw Ey=——————=1.35

~ 325x1010Pa

(1)

(1)

(1)

(1)

e Use of counting squares or approximation of the area to a series
of shapes from the 28-day graph

0.25x 10° — area under 28—day graph
0.25 x 10°

e DPercentage reduction=12.0 % to 15.0 %

Example of calculation
AEg= (¥:x80 x 10% Pax0.0019) + [*2(80 + 128) Pa x 10% x (0.0038 —
0.0019)] + (64 x0.0001 x 4 x 10° Pa) =299 200 J m™>

350000 m 2% -299200 ] m™2
250 000 Jm—2

x 100 =14.5%

Percentage reduction =

(1)

(1)

(1)

11.3

e The breaking stress/force 15 greater

e The concrete is less flexible Or the concrete 1s stiffer
(Do not accept a greater Young modulus)

e There 15 a smaller plastic region
Or the clastic region 1s greater
Or there's little change i the toughness
Or a change in the properties of the concrete after you've used
it could cause problems

(1)

(1)

(1)

Total for question 17

10
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Revision Reflection

A1. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

AA4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION TWELVE

The force against length graph for a spring is shown in Fig. 6.1.

&
force/N

0 2 4 §] 3 10 12
length/102m

Fig. 6.1
(a) Explain why the graph does not pass through the origin.

(b) State what feature of the graph shows that the spring obeys Hooke’s law.

(c) The gradient of the graph is equal to the force constant k of the spring. Determine the force
constant of the spring.

force constant = ... Nm~1[2]

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 40



St Mary’s Catholic School

(d) Calculatezthe work done on the spring when its length is increased from 2.0 x 102m to
8.0 = 10™=m.

work done = J[2]

(e) One end of the spring is fixed and a mass is hung vertically from the other end. The mass
is pulled down and then released. The mass oscillates up and down. Fig. 6.2 shows the
displacement s against time  graph for the mass.

041 CH =u
s/m + - -
'[]2 b .r“ I,
) Fi %)
0 4
: 20 : 4.0 Hiis

_D 2 K .l’}

) K] .
04 =

Fig. 6.2

Explain how you can use Fig. 6.2 to determine the maximum speed of the mass. You are not
expected to do the calculations.

[Total: 8]

Reference: OCR Physics Unit 1 January 2010 Examination
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Question Expected Answers Marks Additional Guidance
6| (a) The graph shows length and not extension of the B1 Allow ‘length cannol be zero’
spring / spring has onginal length (of 2.0 cm) (AW)
(b) Straight fine (graph) / linear graph / force = extension / | B1 | Not ‘force = length'
constant gradient (graph)
(c) 2 C1 Note: The mark is for any correct substitution
force constant = —
o - Al | Allow: 1 mark for 0.5 (N m’') — 10" emror
force constant = 50 (N m™ ) "
” \ ) Allow 1 mark for 512 <« 10" =41 7T or4/10 « 10° =40 or
38 x 107 =37.50r 2/6 x 10° =333 or
1/4 x 10~ =25
(d) work done = 4 Fx or $kx* or ‘area under graph’ c1
work done = l «30x006 or % <50« 0.06° Possible ecf
work done = 0.09 (J) Al Note: 1 sf answer is allowed
(e) Find the gradient / slope (of the tangent / graph) B1
Maximum speed at 1.0s / 3.0s / 5.0s / steepest part B1 Allow 2 marks for ‘steepest / maximum gradient
of graph / displacement =0
Total 8

Revision Reflection

A2. Could you answer this question correctly?

A1. Could you answer this question without any help?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION THIRTEEN

(a) Fig. 7.1 shows a length of tape under tension.

pull =—— _B_ ——= pull

Fig. 7.1

(i) Explain why the tape is most likely to break at point B.

(ii) Explain what is meant by the statement:

‘the tape has gone beyond its elastic limif’.

(b) Fig. 7.2 shows one possible method for determining the Young modulus of a metal in the form
of a wire.

) clamp marker
wood blocks | metal wire pulley
S /
V&l 1] r
BENCH TOP |

masses

Fig. 7.2
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Describe how you can use this apparatus to determine the Young modulus of the metal. The
sections below should be helpful when writing your answers.

The measurements to be taken:

% In your answer, you should use appropriate technical terms, spelled correctly.

The equipment used to take the measurements:

% In your answer, you should use appropriate technical terms, spelled correctly.

(8]

[Total: 10]

Reference: OCR Physics Unit 1 January 2010 Examination

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1 44



St Mary’s Catholic School

MARK SCHEME
Question Expected Answers Marks Additional Guidance
7| (a) | (i) | It has maximum / large / increased stress at this B1 Allow it has 'same force but thinner’smaller area’
point Not: Thin / small area
(i) | The tape has (permanent) extension / deformation B1 Note: Nead reference 1o force or stress removed
when the force / stress is removed  (AW) Allow: "_. does not return to original size / shape / length when
foree | slress is removed
(b) Measurement:
~ hameter B1 The term diameter to be included and spelled correctly to gain
Any two from the mark
« ongmnal /nitial length  (Not: final length) B1X2

o extension /intial and final lenaths
e weight / mass

Equipment:

# Micrometer / verier (calliper) (for the diameter 81 | The term micrometer | vernier (calliper) to be included and
of the wie) spelled correctly to the gain mark. (ALLOW: Micrometer is
Any two from B1 « 2 | used to measure area / radius / thickness — as BOD)

e Ruler / (metra) rule / tape measure (for
measuring the onginal length / extension)
Travelling microscope (for measuring extension)
Scales / balance (for measuring the mass & mg
equation is used or for measuring weight) /
Nevdonmeter (for the weight of hanging y ;
masses) / ‘known' weights used Allow: 'known masses & mg equation’ but not ‘known masses

Determining Young modulus:

e sliress = forcal(cross-saectional) area

and strain = extension/onginal length B1 |Allow: stress = £/A and sirain = xIL

e Young modulus = stress/strain / Young modulus B1 Special case for determining Young modulus:

15 equal to the gradient from stress-strain graph Gradient from force-extension graph is E B1
(in the Inear region) L
Young modulus = gradient = LA B1
Total 10 : ;

Revision Reflection

A1. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION FOURTEEN

(a) Complete the table of Fig. 1.1 by stating the value or name of each of the remaining three

prefixes.
prefix value
micro (W) 105
mega (M)
1079
tera (T)
Fig. 1.1
[3]
(b) Circle all the scalar quantities in the list below.
density weight velocity volume acceleration
[1]

(c) The distance between the Sun and the Earth is 1.5 x 10" m_ Calculate the time in minutes for
light to travel from the Sun to the Earth. The speed of light is 3.0 = 108ms1.

time = . min [2]

46
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(d) The terminal velocity of a raindraop falling vertically through air is 40ms™.

(i) Interms of the forces acting on the raindrop, explain why it is at terminal velocity.

(ii) Fig. 1.2 shows a velocity vector diagram for the falling raindrop in a horizontal crosswind
of speed 1.5ms™1.

raindrop

&»'I_Sms‘1

40ms!

Fig. 1.2

1 On Fig. 1.2, draw an arrow on the raindrop to show the direction in which it will
travel.

2 Calculate the magnitude of the resultant velocity of the raindrop. Use the space
below for your working.

resultant velocity = ms~! [3]

[Total: 11]

Reference: OCR Physics Unit 1 June 2010 Examination
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MARK SCHEME

Q1 Expected Answers Marks Additional Guidance
a 10° B1 Allow: 1000 000
nano (n}) B1 Allow: nano / n/ nano (N) as BOD
10" B1 | Allow: 1000 000 000 000
b Circled quantities: density and volume B1
c 1.5%x10M =3.0%10% %+ C1 Allow: Any subject
1
time = % 500 (s)
3.0x10
time = 8.33 (min) ~ 8.3 (min) Al Note: Bald 500 (s) scores 1 mark
Allow: 2 marks for a bald answer of 8.3
Allow: Answer as a fraction — 25/3 (min) / 8 min 20 s
Allow: 1 mark for ‘(500/3600 =) 0.139"
d(i) | Mention of weight or drag Bl | Allow: (air) resistance / (air) friction for ‘drag’
Not: ‘gravity’ for ‘weight’ but ‘force of gravity” is fine
Net / total / resultant foree (on drop) is zero Bl | Not: ‘acceleration = 0’ since question requires answer in terms
‘upward force = downward force’ of forces
‘weight = drag’ / ‘weight balances drag’ Not: ‘All forces are equal’
Note: ‘weight = drag’ / ‘weight balances drag’ scores 2 marks
d(ii)1 | A downward line / arrow (from the raindrop) leaning Bl | Note: Answer must be on Fig. 1.2
to the right Judge by eye — the angle is not important
d(in2 | 2 =1.5% +4.0° C1
velocity =427 (m s ~ 4.3 (ms™) Al | Allow: 2 marks for a scale drawing with value in the range 4.1
to 4.5, If value in the range 4.0 to 4.1 or 4.5 to 4.6 then give 1
mark
Allow: 2 marks for a bald answer of 4.3 (ms™)
Total 11

Revision Reflection

A2. Could you answer this question correctly?

A1. Could you answer this question without any help?

A3. Did you encounter any problems with this question?

AA4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION FIFTEEN

{a) According to Aristotle (384 — 322 B.C))

‘heavier objects fall faster than lighter ones’.

Explain how one experiment carried out by Galileo (1564 — 1642) overturned Aristotle’s ideas
of motion.

............................................................................................................................................ [3]
(b) Fig. 2.1 shows an arrangement used in the laboratory to determine the acceleration g of free
fall.
_-electromagnet
to — -~ -
supply __T - steel ball
i
0.600m
‘start’
timer
‘stop’ Tu,_l : F
trapdoaor
Fig. 2.1

The steel ball is held at rest by an electromagnet. When the electromagnet is switched off,
the electronic timer is started and the ball falls. The timer is stopped when the ball opens the
trapdoor. The distance between the bottom of the ball and the top of the trapdoor is 0.600 m.
The timer records a time of fall of 0.356s.
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(i) Show that the value for the acceleration g of free fall obtained from this experiment is
9.47ms2.

[2]
(ii) State one reason why the experimental value in (i) is less than 9.81 ms™.

(iii) On Fig. 2.2 sketch a graph to show the variation of the vertical distance s fallen by the
ball with time .

s/m
0.6
0.3+
0 |
0 0.356 tl's
Fig. 2.2

1]

[Total: 7]

Reference: OCR Physics Unit 1 June 2010 Examination
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MARK SCHEME

Q2 Expected Answers Marks Additional Guidance
a Must use ticks on Scoris to show where the marks are

awarded

‘heavy” and ‘light’ objects / different weights Bl | Not: ‘dropping feather’ / ‘vacuum’ / ‘experiment on the Moon’

different masses dropped (from leaning tower of for this first B1 mark but can score subsequent B1 marks

Pisa) / rolled down incline plane

Objects have the same acceleration (of free fall) Bl Not: ‘fall at the same rate / accelerates at the same rate / same
speed’

Objects hit ground at same time Bl

b(i) Note: There are no marks for just an answer, since this is a
‘show* question
1 1 _
S=m‘+?a'r1 andu=0 ICJ.600=7><a><LO.51‘36)1 Cl
2%0.600 o _
= 03557 C1 | Allow: 2 marks for correct substitution with ‘a’ the subject or
o 1 )
, 0.600 = =—xax=(0.356)" followed by a = 9.469 (more than 3 sf)
a=947 (ms™) 40 2
‘ Note: Using ‘v =.600/0.356" followed by a = Av /At =4.73

scores zero. (Watch out for 4.734 x 2=9.47)

b(ii) | Airresistance or drag / residual magnetism or Bl | Not: ‘Experiment is not done in a vacuum’

‘sticky’ electromagnet / trapdoor takes time to open ‘friction/resistance’

b(iii) | A ‘parabola shape’ / graph of increasing positive Tudge the shape of the graph by eye. A horizontal line from 0.6
gradient starting from origin and going through Bl | must cut the graph within the ‘vertical zone provided by
0.356.0.6 0.356 s * on the time axis
Total 7

Revision Reflection

A2. Could you answer this question correctly?

A1. Could you answer this question without any help?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION SIXTEEN

(a) Define the newton.

Fig. 3.1

The mass of the spaceship is 1.9 x 1{]5kg. During lift off, the spaceship rockets produce a
vertical upward force of 3.1 x 107N

(iy Calculate the weight of the spaceship.
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(ii) Calculate the initial vertical acceleration as the spaceship lifts off.

acceleration = ... ms—< [2]

(iii) The vertical upward force on the spaceship stays constant. Explain why the acceleration
of the spaceship increases after lift off.

[Total: 5]

Reference: OCR Physics Unit 1 June 2010 Examination
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Q3 Expected Answers Marks Additional Guidance
a The (net) force (is a newton) when a 1 kg mass has B1 Not: 1 N =1 kg m s™ because this is too brief for a definition
acceleration of 1 m s~
b(i) | weight=1.9x 10 x 9.81 Allow: 9.8 (m s7) for g but not 10 (m s"})
weight = 1.86 x 10’ (N) B1 | Allow: A bald answer of 1.9 x 10" N but not if 10 (m s”) is seen
b(i) | net force =1.24 x 10’ (W) or 1.2 x 10" (N) C1 | Allow: The C1 mark for “(net force) = (3.1 — 1.86) x 10" (N)”
_F _1.24x10
m  1.9x10°
acceleration = 6.53 (m ‘_,-1) or 6.5 (m s2) A Allow: 2 marks foF a bald answer : . ‘ .
Allow: Answer of 6.3 (ms™) if 1.9 % 10" (N) is used for weight
or net forece of 1.2 x 10" (N) is used
Allow: 1 mark for ‘3.1 x 107/1.9 x 10°=16.3°
Not: ‘1.86 x 107/1.9x10°=09.8"
b(iii) | The mass / weight (of spaceship) decreases (as it B1 | Allow: ‘g’ / acceleration of free fall / gravitational field strength
loses fuel) decreases (but not gravity decreases)
Not: ‘less drag / air resistance’
Total 5

Revision Reflection

A2. Could you answer this question correctly?

A1. Could you answer this question without any help?

A3. Did you encounter any problems with this question?

AA4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION SEVENTEEN

(a) Define work done by a force.

7

%) In your answer, you should use appropriate technical terms, spelled correctly.

(b) Fig.4.1 shows a side view of a roller coaster.

/"""\
/ AN
/ 110m

Fig. 4.1

The carriage and its passengers start at rest at A_ At B, the bottom of the ride, the maximum
speed of the carriage is 20ms~!. The vertical distance between A and B is 110m. The length
of the track between A and B is 510m. The mass of the carmriage and the passengers is
4000 kg.

(i) Complete the sentence below.

% In yvour answer, you should use appropriate technical terms, spelled correctly.
As the carriage travels from Ato B, .. energy

istransferred to ... ... energy and heat. [2]

(ii) By considering this energy transfer from A to B, determine the average frictional force
acting on the carriage and passengers between A and B.

[Total: 6]

Reference: OCR Physics Unit 1 June 2010 Examination
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MARK SCHEME

Q4 Expected Answers Marks Additional Guidance
a #work done = force x distance moved / travelled (in B1 Note: Must have reference to ‘distance moved / travelled”
direction of force) Allow: ‘work done = force x displacement’
The term distance | displacement to be included Must use tick or cross on Scoris to show if the mark is
and spelled correctly to gain mark awarded
b(i) gravitational potential B1 Not: ‘potential” on its own
# kinetic B1 Note: Ignore any reference to sound
The term kinefic to be included and spelled Must use ticks on Scoris to show where the marks are
correctly to gain the second B1 mark awarded
b(ii) | (GPE =) 4000 x 9.81 x 110 / (GPE =) 4.32 x 10°
or (KE =) ¥ x 4000 x 20° / (KE =) 8.0 x 10° c1
) 1 5 Allow: 2 marks if second line is written or 3.5(16) x 10° (7)1s
Work done = (4000x9.81x110) — (—x4000x 207) c1 d
2 quote
3.516x10°
force= —"—
5103 A Allow: 3 marks for a bald answer of 6.9 x 10° (N)
foree = 6.9 x 107 (N)
Total 6

Revision Reflection

A2. Could you answer this question correctly?

A1. Could you answer this question without any help?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION EIGHTEEN

(a) Fig. 6.1 shows two equal but opposite forces acting on an object.

40N
A

Fig. 6.1
The point O is at a distance x from the nearer of the two forces.

(i) The separation between the two parallel forces is 3.0cm. Determine the torque of the
couple exerted on the object.

(ii) Calculate the total moment of the forces about the point O and state the significance of
this value.

A Level Physics Year 1 Examination Preparation Mechanics and Materials Book 1
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{c) A concrete paving slab has mass 45kg and dimensions 0.600m = 0.600m = 0.050m.

(i) Calculate the density of the concrete.

(ii) Fig. 6.2 shows the concrete paving slab in equilibrium.

F

slab

ground

A

Fig. 6.2
Two forces acting on the slab are shown. The weight of the slab is W. The force F is

applied at right angles to the end of the slab. By taking moments about P, determine the
size of the force F.

[Total: 12]
Reference: OCR Physics Unit 1 June 2010 Examination
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MARK SCHEME

Q6 Expected Answers Marks Additional Guidance
a(i) | torque =4.0 x 0.03 C1
torque = 0.12 (N m) Al | Note: An answer of 12 scores 1 mark (because cm not converted
mto m)

Allow: Full marks for if the centi prefix added: that is 12 N em
Allow: 2 marks for a bald 0.12 (N m)

a(ii) Condone the use of ‘N em’ in a(ii)
(total moment =) (x +0.03) x 4.0 — 4.0x M1 | Allow: Equation with x value of 0.06 (m) or 6 cm
(total) moment = 0.12 (N m) Al | Special case: 1 mark for (anticlockwise moment =) 4.0x or
(clockwise moment =) [x +0.03] x 4.0 seen anywhere on the
seript

It is the same as the torque (of the couple) /same as | Bl | Not: ‘0.12 (N m)’

()@
b Net / total / resultant force =0 Bl | Not: ‘forces are balanced’ or ‘force up = force down’
Net / total torque / moment =0 Bl Allow: clockwise moment(s) = anticlockwise moment(s)
cfi M . 5 C1
0 p= density = 4 —
vV 0.600 % 0.600x 0.050 . .
density = 2.5 % 10° (kg 111'3} Al | Allow: 2 marks for a bald answer of 2.5 x 107 (kg m™)
c(ii) | clockwise moment = anticlockwise moment C1

or (weight =) 45 x 9.81 / (weight =) 441.45

(45 x9.81) % 0.150 = F % 0.600 Cl1

Allow: 3 marks for a bald 110 (N)
F=110(N) Al | Allow: 2 marks for 11.25 — mass of 45 kg not changed to N
Total 12

Revision Reflection

A1. Could you answer this question without any help?

A2. Could you answer this question correctly?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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QUESTION NINETEEN

(a) Fig. 7.1 shows stress against strain graphs for two materials X and Y up to their breaking
points.

stress

o
Y

strain

Fig. 7.1

Put a tick (¢') in the appropriate column if the statement applies to the material.

Statement X Y

This material is brittle.

This material has greater breaking stress.

This material obeys Hooke's Law.

[1]
(b) Kevlar is one of the strongest man-made materials. It is used in reinforcing boat hulls,
aircraft, tyres and bullet-proof vests. Sudden impacts cause this matenal to undergo plastic

deformation.

(i) Explain what is meant by plastic deformation.
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(i) One particular type of Kevlar has breaking stress 3.00 = 10%Pa and Young modulus
1.30 x 10" Pa. For a Kevlar thread of cross-sectional area 1.02 = 10-'m? and length
0.500m, calculate

1 the maximum breaking force

2  the extension of the thread when the stress is 1.20 x 109Pa.

EX NSO = e m

[Total: 6]

Reference: OCR Physics Unit 1 June 2010 Examination
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MARK SCHEME

Q7 Expected Answers Marks Additional Guidance
a - ——
X Y
v ) B1 | All 3 ticks correctly placed for 1 mark
v
v
b{l) | Matenal s permanently deformed ' longer when Bl Note: The answer must make reference 1o stress or forces
stress | force 1s removed  (wite) removed
blii)1 | (stress = force area)
force = 3.00 » 10° x 1.02 x 107 C1 | Allow: Any subject
force = 306 (N) or 310(N) Al Allow: 2 marks for a bald 306 (N) o1 310 (N)
b(ii)2 | (E = stress strain)
. 20x10° , .
slrun = l—“ strain = 9.23 » 107 1
1.30x10 :
extenston =923 x 107 « 0200
i ] 3
¢ S JPR Allow: 4.6 x 107,461 « 107,462 x 10
extension = 4.6{15) » 107 (m) 3 : -
Al | Allow: 2 marks for a bald 4.6(15) x 107 (m)
Allow: | mask for using breaking stress of 3.0 » 10 Pa; this
gives an extension of 00115 (m)
Alternative answer:
vy = (1,20 = 10° x 0,500)'1,30 » 10" Cl (Any subject)
extension = 4.6(15) « 107 (m) Al
Total 6

Revision Reflection

A2. Could you answer this question correctly?

A1. Could you answer this question without any help?

A3. Did you encounter any problems with this question?

A4. Do you need to carry out further revision on this topic?

Revision Target

From this question, are there any targets you need to set for revision? What are they?
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DATASHEET

DATA - FUNDAMENTAL CONSTANTS AND VALUES

Quantity Symbol Value Units
speed of light in vacuo c 3.00 x 108 ms™?
permeability of free space M, 4mtx 1077 Hm™?
permittivity of free space & 8.85 x 10712 Fm™
magnitude of the charge of electron 1.60 x 1077 C
the Planck constant h 6.63 x 10734 Is
gravitational constant 6.67 x 10711 N m? kg2
the Avogadro constant Ny 6.02 x 10% mol ™
molar gas constant R 8.31 JK™1 mol™?
the Boltzmann constant k 1.38x 10723 JEt
the Stefan constant o 5.67 %1078 WmZ2K™?
the Wien constant o 2.90x 1073 mK
electron rest mass ; _31
(equivalent to 5.5 x 10-*u) Me otk kg

e
electron charge/mass ratio i 1.76 x 101! Ckg™
e
proton rest mass _27
s m :
(equivalent to 1.00728 u) P 167C)RA0 ke
e
proton charge/mass ratio e 9.58 x 107 Ckg™
P
neutron rest mass _27
(equivalent to 1.00867 u) Ma 1.67(5)*10 ke
gravitational field strength g 9.81 Nkg?
acceleration due to gravity g 9.81 m s~2
atomic mass unit 37
(1u is equivalent to 931.5 MeV) . 161 X 20 kg

ALGEBRAIC EQUATION

GEOMETRICAL EQUATIONS

%2 arc length =r@
quadratic equation R —bxvb” —4ac
2a circumference of circle =2m
ASTRONOMICAL DATA area of circle = -
. curved surface area of = 2mrh
Body Mass/kg Mean radius/m cyliider
Sun 1.99 x 103 6.96 x 108 area of sphere = 4
4
Earth 5.97 x 10** 6.37 x 10° volume of sphere = L
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Particle Physics

Waves
. 1
wavespeed ¢ = fA period = =
Sirst = 1 T
harmonic 2l |u
Jringe _AD  diffaction ;o6 - i
spacing = grating

N s c
refractive index of a substance s, n = —

Cs

Jor two different substances of refractive indices ny and ny,

law of refraction

ny;sinf; = n,siné,

crifical angle  sin 6, = 2forn; > n,
1

Class Name Symbol | Rest energy/MeV
photon photon ¥ 0
lepton neutrino Ve 0
Vu 0
electron e 0.510999
muon p.i 105.659
mesons T meson = 139.576
n° 134.972
K meson K 493.821
K’ 497.762
baryons | proton p 938.257
neutron n 939.551
Properties of quarks
antiquarks have opposite signs
Type Charge Banyon Strangeness
number
u + %e T % 0
d - e 1 0
s - ;e X % -1

Properties of Leptons

Lepton number

Particles: €, Ve U, Vy +1
Antiparticles:  e*, v, p*, v, -1
Photons and energy levels
photon energy E = hf = hc [A
photoelectricity hf = ¢ + Ex(max
energy levels hf = E; - E,
; h h

de Broglie wavelength A === —

p mv

Mechanics

moments

velocity and
acceleration

equations of
motion

Jforce
Jorce

impulse

work, energy
and power

Materials

: e 3TH
density p = =
Young modulus =

energy stored E

tensile stress

moment = Fd

As
v =—
At

Av
a =—
At

()

£
ue L5
2

v =u + at s

v2 = u? + 2as s

F =
A(mv)
Y
F At = A(mv)
W = Fscos@
1

Ek=§mv2 AEp=

AW
—A_t—’ P = Fv

ma

mgAh

P =

useful output power

oESietency, = input power

Hooke’slaw F = kAL

tensile stress =

B |

tensile strain

) ) AL
tensile strain = T

=1FAL
2
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Electricity Gravitational fields
A w | 4 G
current and pd I =—Q V=— R=— Jorce between two masses F = mnt
At Q I r2
RA F
resistivity p= = gravitational field strength g =—
m
resistors in series Rr = Ri+ Ry + R3 + magnitude of gravitational GM
field strength in a radial field g = =3
. ) ¥ 4 1 1
resistors in parallel — = — 4+ — 4+ — 4 -+ work-done AW = mAV
T Ry Rz Rz
sovrg ; GM
2 gravitational potential = s
r
power P =VI = I?’R = = AV
g 9=
emf s=6 e=IR+r)
Electric fields and capacitors
Circular motion
Jorce between two _ 1
magnitude of o=2 point charges 4msy 12
amgilar sposd Jforce on a charge F = EQ
oy =dny, field strength for a i 14
2 uniform field ~d
centripetal acceleration a = e o*r iform f d
r work done AW = QAV
. mv?
centripetal force F = = mo*r
r field strength for a 7 1 Q
. " ' radial field = 72
Simple harmonic motion fi dngyT
4 . electric potential 1 Q
acceleration a = —wx V= 471907
displacement x = Acos(wt) AV
E = —
speed v = +twy(42 — x?) Ar
maximum speed Vmax = @A capacitance c =§
maximum acceleration Amax w?A A
&= 0cr
. m d
Jfor a mass-spring system T = 21 J:
k capacitor energy _ Loy X Q2
; stored Fi=o @V =5 0¥s =g
Jor asimple penidulum T =2n P capacitor charging Q = Qo(1— e /RC)
. y har = -t/RC
Thermal physics sy ofchurgs Q = Qoe
; time constant RC
energy to change -
temperature Q mEAg
energy to change Q= i
state
gas law pV = nRT
pV = NkT
kinetic theory model ~ pV = —Nm ((:rms)2
ineti oy 3 3RT
kinetic energy of gas S (Crms)z s i
molecule 2 2 2Np
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Magnetic fields

Jforce on a current F = BIl

Jforce on a moving charge F = BQv
magnetic flux @ = BA

magnetic flux linkage N@ = BANcos#8
magnitude of induced emf e=N %’

N@® = BANcosf

enf induced in a rotating coil & = BANwsin @t

lternati I by Yo
alternating current =— =—
rms ﬁ rms ﬁ
Ns _ Vs
transformer equations oo
Np W
. . LV,
ef ficiency = ==
L%
Nuclear physics
. . k
the inverse square law for y radiation | = ==
x
AN
radioactive decay T AN,N = Nge™
activity A = AN
In2
half-life Ty = "T
nuclear radius R = Ry AR
energy-mass equation E = mc?

OPTIONS
Astrophysics
1 astronomical unit = 1.50 X 10 m

1 light year = 9.46 x 10 m

1 parsec = 206265 AU=3.08 X 10%m
= 3.26 light year

Hubble constant. H = 65km s Mpc?!

angle subtended by image at eye

o angle subtended by object at unaided eye

in normal adjustment M = é
fe
: = g A
Rayleigh criterion g ~ =
; : d
magnitude equation m-M = Slog T
Wien's law AmaxT = 2.9 X103 mK
Stefan’s law P = gAT?
Schwarzschild radius Ry N 262M
c
: Af AA v
Doppler shift forv<=c¢ —=-— = —
f i c
v
red shift SpiEma
c
Hubble’s law v = Hd
Medical physics
1
lens equations = 7
v
m = —
u
1 1 it 1
f Tu v

threshold of hearing Ipb = 1.0 X 107 2wm™?

1
intensity level intensity level = 10 log -
(

absorption I = Ipe™™
B
Hm = ;
ultrasound imaging Z =pc
I, Zo— Z3\ 2
1—,- K (zz+ zl)
half-lives £ = = =

Tg T Tp
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Engineering physics

moment of inertia I = Tmr?

& 1
angular kinetic energy  E, = 5 16
equations of angular
motion W, = 0 +at

@2 = &% + 2ab

6 g i
=(I) R—
. >
w1 + wo)t
b (wy 2)
2
torque T=1Ila
T =Fr

angular momentum angular momentum = I®

angular impulse TAt = A(lw)

work done W =Té8

power P=To

thermodynamics Q =AU+ W
W = pAV

adiabatic change pVY = constant

isothermal change pV = constant

heat engines
W  Qu—Q
efficiency = —= oL
Qy Qn
maximum theoretical Tu — Tc

efficiency = Ty
work done per cycle = area of loop
input power = calorific value = fuel flow rate
indicated power = (area of p —V loop)
X (number of cycles per second)
X (number of cvlinders)
output or brake power P = To
friction power = indicated power — brake power

heat pumps and refrigerators

refrigerator: COPyras = % = ﬁ
H- Qc
Qu Qu

heat pump:  COPyp = W e
- Qc

Turning points in physics

electrons in fields

Millikan’s experiment

Maxwell’s formula

special relativity

Electronics

resonant frequency

O-factor

operational amplifiers:

open loop

inverting amplifier

non-inverting amplifier

summing amplifier

difference amplifier

Bandwidth requirement:

Jor AM
Jor FM

_ eV
T d
F = Bev
_ mv
" Be
BLmv? = eV
Qv
A
F = émnrv
1
c —
V Ho%o
h h
A=—-=
P 2meV
t
t = D 5
v
1=z
g iy |10
=1 =
2
myC
E=mc?= g -
v
H=icE
f 1
°" 2nVIC
o to
fs
Vour = AoL(Vy — V)
Vour _ _ Re
Vin Rin
Vout = 1 ﬂ.
Vin Rl

V V- V-
Vout = —Rf(—1+—2'+—3+ aes

Ry Ry Rz

. R
Vour = (V3 — V-)E
1

bandwidth = 2y
bandwidth = 2(Af + f)

)
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