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Q1.

3 @ s [ | BT B1
i Lshownatendof straight line ... . B1
fiiY2 reciprocal of gradient of straight line region .......ccoceeeeneeeiee e B1

(b) ()1 circumference = 3x cm Orarc =18 .o C1
extension = (6.5/360) x 3= = 1.5 sin (or tan}6.5..........M1
fiy2 strain = extension/lenath......... .o e e C1
= 0.17/250
SR 1 S [0 R Al
[{1}] Stress = fOrCefarea.. ... e e eeeeee e cee e e e e ern seeeneeeene o
= (6.0 X G BM(T.9 X 107 e C1
e (0L = RN &
{iii) Young modulus = stress/strain ... s C1
= (744 x 107}/(6.8 x 10°Y)
SR I B [0 L =7 TS Al
{iv) remove extra load and see if pointer returns to original position or
wire returns to original lenath ... e B1
Q2.
4 {a) brittle B1
{b) (i) stress =forcelarea C1
=60/(7.9 x 107
=7.6 x 107 Pa Al
{il) Young modulus = stress/strain C1
limiting strain = 0.03/24 (= 1.25 x 107%) Cc1
Young modulus = (7.6 x 107)/(1.25 x 107% = 6.1 x 10"" Pa Al
{iii) energy = ¥ x 60 x 3.0 x 107 C1
=90x10%J Al
ic) If hard, ball does not deform (much) B1
and either (all} kinetic eneray converted to strain enerqy B1
If soft, &, becomes strain energy of ball and window B1

(no mention of strain energy, max 2 marks)
or impulse for hard ball takes place over shorter time (B1)
larger force/greater stress (B1)

Q3.
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5 (a) no hysteresis loop/no permanent deformation
(do not allow ‘force proportional to extension’)
so elastic change

{b) work done = area under graph line OR average force x distance

= YoFx YalFo + Fi)(X2 — x1)

F = kx, so work done = = W Vak(Xs + X)X — X¢)
work done = Yk(x2® — x4%)

{c) gain in energy of trolley = 1%k(0.060% — 0.045%) + 14k(0.030% — 0.045%)

=0.36 J

kinetic energy = % x 0.85 x v = 0.36

v=092ms™
Q4.
2 (a) (i) kisthe reciprocal of the gradient of the graph
k=1{32/(4x107%) = }800Nm™
(i) either enerqy = average force x extension or Vakx
or area under graph line
enerqy = % x 800 % (3.5x 102 or % x28x3.5x 107
energy = 0.49J
{b} (i} momentum before cutting thread = momentum after
0=2400x V-800xv
viv=30
(iiy energy stored in spring = kinetic energy of trolleys
049 = % x24 x(;v}2+%><0.3 x v
v =09ms"
(if only one trolfey considered, or masses combined, alfow max 1 mark)
Q5.
4 ({a) (i) 1. stress = force/(cross-sectional) area
2. strain = extension / griginal length
3. Young modulus = stress / strain
(ratios must be clear in each answer)
{ii}y either fluids cannot be deformed in one direction / cannot be stretched
or fluids can only have volume change
or no fixed shape
{b) either unless Apis verylarge or 2.2 x 10%is a large number
AVis very small or AV/Vis very small, (so ‘incompressible’}
{c) Ap = hpg
1.01x 10° = hx 1.08 x 10° x 9.81
h=953m
Abhlh = 047710 or 047/9.53
error = 4.7% or 4.9% or 5%
Q6.
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4 (a) (i) change of shape /size / length / dimension ..o Cc1
when (deforming) force is removed, returns to original shape / size A1

........................................................................................... B1

B 28 vvcnanrn e e e e e e e s B
Yok ...(allow e.C. . from exXtension) ......ceeeeeeeeeeeeeeeeee e e B1

e and 2k

:‘2‘ e ...(alfow e.c.f. from extension in part 2)

:k ...(allow e.c.f. from extension)

Q7.

3 (a) either enerqgy (stored)work done represented by area under graph
or enerqy = average force x extension
energy = %% x 180 x 4.0 x 1072
36J

n

(b) (i) either momentum before release is zero ... M1
so sum of momenta (of trolleys) after release iszero  ..................... A1
or force = rate of change of momentum (M1}
force on trolleys equal and opposite (A1)
or impulse = change in momentum (M1)
impulse on each equal and opposite (A1)

(ii] 1 M-] V1 - MQVQ
2 E=SG MVPRBNEVEY o o o s s e v e s B1

(iiiy 1 5 =¥mv? and p = mv combined to qive
E=p%/2m

2 msmaller, Exis larqger because pis the same/constant
so trolley B

Q8.

5 (a) (1) Youngmodulus =stress/strain ..o s C1
data chosen using pointin linearregionofqraph ...l M1
Young modulus = (2.1 x 108%(1.9 x 107%)
= 1 X A0 T P oo e Al

{iiy This mark was removed from the assessment, owing to a power-of-ten
inconsistency in the printed question paper.

{b) area between lines represents energy/area under curve represents enerqy .. M1
when rubber is stretched and then released/two areas are different ............ Al
this enerqy seen as thermal energy/heating/difference represents energy
released as heat
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Qo.

4

Q10.

4

Q11.

(a)

(b)

(a)

(b)

(c)

(i) stressis force f area
(if} strain is extension / original lenath

iy E=[FlAl=Te/]
e=(25x 1.7}/ (5.74 x 1078 x 1.6 x 10'")
e=46x10"m

(i} A becomes A/2 or stress is doubled
e o« [/ A or substitution into full formula
total extension increase is 4e

clamped horizontal wire over pulley or vertical wire attached to ceiling with mass
attached
details: reference mark on wire with fixed scale alongside

measure original length of wire to reference mark with metre ruler / tape

measure diameter with micrometer / digital calipers

measure initial and final reading (for extension) with metre ruler or other suitable
scale

measure / record mass or weight used for the extension

qood physics method:

measure diameter in several places / remove load and check wire returns to
original length / take several readings with different loads

MAX of 4 points

determine extension from final and initial readings
plot a graph of force against extension

determine gradient of graph for Ff e

calculate area from ncf / 4

calculate Efrom E=F [/ e A or gradient x [/ A

MAX of 4 points
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4 (a) force is proportional to extension B1 1]
{b) (i) gradient of graph determined (e.q. 50 / 40 x107% )= 1250 Nm™" Al M
(i) W=1%kx¥ or W = final force x extension M1
=0.5 x 1250 x (36 x 1072 or 0.5 x 45 x 36 x 107* M1
=0.81J AQ  [2]
fc) (i) 0.81=1m? C1
v =8.0(8.0498) ms™ Al [2]
iy 4=xKE/4=xWDor3.24J C1
hence twice the compression =72 mm Al [2]
fiiiy Max height is when all KE or WD
or elastic PE is converted to GPE C1
ratio = 1/4 or 0.25 Al 2]
Q12.
3 (a) Resultant force (and resultant torque) is zero B1
Weight (down) = force from/due to spring (up) B1 2]
{b) (i) 0.2, 0.6, 1.0s (one of these) A1 M1
(iiy 0, 0.8s(one of these) Al M
{(iliy 0.2, 0.6, 1.0s (one of these) A1 M1
fc) (i} Hooke’s law: extension is proportional to the force (not mass) B1
Linear/straight line graph hence obeys Hooke's law B1 [2]
{ily Use of the gradient (not just F = kx) C1
K =(0.4%98)/15 %1072 M1
=26(.1) Nm™ Al 2]
(iii} either enerqy =areatoleftofline or energy =% ke’ |
=1 x [(0.4 x 9.8)/15 x 1072 x (15 x 10722 C1
=0.294J (allow 2 5.f) A1 [31
Q13.
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5 (a) E =stress/ strain

by M 1. diameter / cross sectional area / radius
2. original length

{iiy measure original length with a metre ruler / tape

measure the diameter with micrometer (screw gauge)

allow digital vernier calipers
{iiiy energy = % Fe or area under graph or % kx*
=1%%x025%x10%x3=38%10"%)

{e} straight line through origin below original line
line through (0.25, 1.5)

Q14.
1 (a) the wire returns to its original length {not ‘shape’)
when the load is removed
Q15.

4 (a) (i) stress =force / cross-sectional area
(ii} strain = extension / original length
{b) (i) E = stress/ strain
E=0.17 x 10"
stress =0.17 x 102 x 0.095/ 100
=1.6(2) x 10°Pa

{ii} force = (stress x area) = 1.615 x 10® x 0.18 x 107°
=29(.1)N

Q16.
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9@ O

(ii)

(b)

Q17.

SRS = Folidl  crivinnsaos e it s

25 / (1.7 x 1075

i

stress = E x strain

147 x10" = 7.1x 10" x (Al/1.8)
s B W

R =pl/4 OR RxlL

SO, AR/R = A/ oot rre s
AR = (3.7x107%/1.8)x0.03 = 62x10°Q ..............

May calculate p =2.833... x 10*°Qm
giving new R as 3.0006167 x 102 Q
hence AR - full credit possible

However, if rounds off p as2.83 x 10* Q m,
then Rpew < Rad!
Allow 1 mark only for R < L

5 (a) (i) F/A

(i) AL/L

(iii)FL/A.AL

(b) (i) AL =0.012 x 0.62 x 350

=26 mm

(i) 2.0 x 10" = (Fx 0.62)/(7.9 x 107 x 2.6 x 10°%)

F=660N

LAT 0T PE s (do not allow 1 sig fig) ...............

Al
Cl
Al [4]

cl
Cl
Al [3]

B1
B1
B1 [3]
M2
A0 [2]
C1
Al [2]
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(iii)either stress when cold = 660/(7.9 x 107) = 840 MPa

Q18.

Q19.

Q20.

or tension at uts =198 N
either this is greater than the ultimate tensile stress
or tension at uts is less then tension in f{ii)

the wire will snap

M1

Al

A1

[31

{Allow possibility for the two ‘A’ marks to be scored as long as some quantitative

answer — even if incorrect — has been given for the ‘M’ mark)

fa) (i R=oa/A
fiy strain=AL/L

either AR = pAL /A or R « L with ¢ and A constant

dividing, AR/ R=AL/L

(b} Young modulus = stress / strain
strain =72.0/(1.20 x 107 x 2.10 x 10™)
=286 x10% (alfow 1/350
AR=286x10%x417=1.19x10%Q
answer given to 3 siq. fiq

(a) brittle

(b} Young modulus = stress / strain
=(98.5 x 10%)/0.013
=7.3 x 10'° Pa (alfow + 0.1 x 10" Pa)

{c) stress =force/ area
(minimum) area = (1.9 x 10%)/ (9.5 x 10°)

=20x10%m?
(max) area of cross-sedtion = (3.2 — 2.0} x 107
=12x10%m?

{d) when bent, ‘top’ and ‘bottom’ edges have different extensions

with thick rod, difference is greater (than with a thin rod)
50 breaks with less bending
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4 ({a) (i) returnsto original shape /! size flength efC. .o B1
when load / distorting forces / weight / strain is removed ..B1 [2]
L Y s I T e B1 [11
2 E=WL/Ae ..B1 M1
[ ) T Y ¥ C1
= (34x044) / (T.7x10*x8.2x10%) ..C1
T =~ A AR A1 (3]
[Total: 71
Q21.
4  {a) ability to do WOTK oot eeeeeeeeee e eeeeeemnnnnnas B1
as a result of a change of shape of an object/stretched etc ... B1 [2]
{b} work = averaqe force xdistance moved (in direction ofthe force) ... B1
either work = Y2x Fxx
or work is area under F/x graph whichis YaFx ..o B
SOWOIK / @NEIAY = YoKXT oo e e e e eee s ee e e e eeesemeeeeenn A0 [3]
A . 3.8
{c) (i) spring constant = 331 ..M1
L N L, A0 ]
() 1AE: = MQAR OF WAB e e e e es e se e rese s e snne s ssnnas C1
= 3.8 x 1.5 x 107
2AE; = Vox 1.8 x 107 (0.036% — 0.0212) oo M1
DT o e o S e S A0 M
3 work done = 0.077 - 0.057
= 00200 consnrirernr i s Al ]
{allow e.c.f. if AEs > AER)
[Total: 101
Q22.



PhysicsAndMathsTutor.com

4 (a) D
(i)
(iii)

(iv)

(b} (i)

(i)

F/A

ALTL

allow FL/AAL

allow oL/A or p(L+ALYA

AL =FL/EA
=(30 % 2.6}/(7.0x 10" = 3.8 x 107)
=293x10°m=2.93mm

AR=pAL/A

=(26%x10%x293x10%)/(3.8 x 107)
=20x10%Q

{c) chanqe in resistance is (very) small
so method is not appropriate

Q23.
4 (a) energy = average force x extension
=x Fxx
(Hooke’s law) extension proportional to (applied) force
hence F = kx
so E = Yk

(b} {i)
{ii)

(iii)

Q24.

correct area shaded

1.0 om? represents 1.0mJ  or correct units used in calculation
Es=64%+02mJ

(for answer > £0.2mJ but = £0.4mJ, then allow 2/3 marks)

arrangement of atoms / molecules is changed
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5 (a) (i) Fig.5.2

(i} Fig. 5.3

{b) kinetic energy increases from zero then decreases to zero

(¢} (i) AE. = mgAh/mgh

nmwn

0.024J

(i) either 0.024= 1% kx (2.6 x 1072)?
0.012= Yk x d*
d =0.018m
=1.8cm

Q25.

94 x 107 x 9.8 x 2.6 x 107

or

using g = 10 then -1

% kd® = Yk x (2.6 x 10727 — Lkd®
kd® = sk x (2.6 x 107

d =0.018m
=1.8cm

6 (a) extension is proportional to force (for small extensions)

{b) (i) point beyond which (the spring) does not return to its original length when the

load is removed

(il aradient of graph = 80Nm™

{iii) work done is area under graph / ¥ Fx/ 2 kx*
=0.5 x 6.4 x 0.08 = 0.256 (allow 0.26) J

{c) (i) extension=0.08+0.04=0.12m

(il spring constant =6.4/0.12=53.3Nm™

Q26.

3 (a) (i} stress =force / (cross-sectional) area

{ii} strain = extension / original length or change in length / griginal length

{b) point beyond which material does not return to the original length / shape / size

when the load / force is removed

11
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{c) UTSis the maximum force / original cross-sectional area M1
wire is able to support f before it breaks Al [2]

allow one: maximum stress the wire is able to support / before it breaks

{d) (i) straight line from (0,0} M1
correct shape in plastic region Al [2]
{ii} only a straight line from (0,0) B1 [1]

{e) (i} ductile: initially force proportional to extension then a large extension for
small change in force B1
brittle: force proportional to extension until it breaks B1 [2]

{iiy 1. does not return to its original length / permanent extension (as entered

plastic reqion) B1
2. returns to original length / no extension {(as no plastic region / still in
elastic region) B1 [2]
Q27.
5 (a) when the load is removed then the wire / body object does not return to its original shape /
length B1 11
{b) (i} stress =force/area C1
F =220 x 10° x 1.54 x 10°® = 340 (338.8)N Al [2]
(il E=(Fxh/(Axeg) C1
e=(90x 105 x1.75/ (1.2 x 10"y =1.31 x 107*m Al [2]
{c) the stress is no longer proportional to the extension B1 [1
Q28.
6 (a) extension is proportional to force / load B1 [1
(b) F=mg C1
x=(mg/k)=0.41x981/25=(4.02/25) M1
x=0.16m A0 [2]
{e) (i} weight and (reaction) force from spring (which is equal to tension in spring) B1 1
(iy F—weight or 0.06 x 25 =ma C1
F=0.2209 x 25 =5.52 (N} or0.22=x25=55
a=(552-041x981)y/041 or1.5/041 and (5.5 -4.02) C1
a=3.7(3.66)ms™2 gives 3.6 ms™ Al [3]

{d) elastic potential enerqy / strain energy to kinetic energy and gravitational
potential enerqy B1
stretching / extension reduces and velocity increases / height increases B1 [2]

12
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