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Marking details.

Marks
Available

©

w

[0}

(i)

‘Greater extension by brass [or smallest extension by iron] (1)

eal/E (1) [link Young modulus 10 extension]

All other factors same for both wires (1)

Ratio 2:1 (12 mm:0.6 mm) (1) [Full marks may be obtained by
caleulation only].

Melamine formaldehyde — thermosetting (1)
Low density polycthylene — thermoplastic. (1)

Melamine brittle ~ low max strain (1)

o polythene not britle — high max strain
Melamine stiffer ~ higher Young modulus (1)
o polythene less stff ~ lower Young modulus

[or acceptlow strain for high stress as explanation for stiffness of
material]

Question total

1201
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Marking details

Available
o [@ ‘Flastic, suraight e (1) _yield pount (1) 5
curve (1) ‘1egion of plastc deformation(1)
Stress
elastic imit (1)
brcaking point (1)
Suain
® | (0 | DEbroken o E bonds with B (1) 3
HG broken or H bonds with D (1)
Movement o dislocations stated (1)
Or all clearly seen from diagrams
()| No distocations (or equivalent) or no grain boundaries 1
'Don’t accept addition of foreign atoms.
'Don't accept single crystal (staed in question)
it | Any valid use c.2 1
‘Turbine blades (don't acceps wind tubines), combustion chambers,
muclear reactos, wear fesistant material, rocket engines etc.
©o|ol__a A 2

W

®

s Ao
Convincing algebea 1 Show Ay = 2% A (1)
(ahermative: force,length and extensionalte same | mark
50 brass st have twice the CSA | mark only — ot full shown as

2

E =% Fx (1) (accept E=daab)

E=0044 3] (1) (eefon Ax only)

Same (
Fand Ax same (1)

Question 10 total

120
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Marking details

0 @

®

@)

[

0]
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(i)

&

®

0y

a

‘Strong (covalent) bonds between ions in structure. Accept molecules.
‘amanged iregularly or amorphous structure present (1)

[No dislocations presen] so no slip (accept no movement of
dislocations). Accept different sized atoms seize up the structure (1)
Do not accept ‘untangle”

‘Scratches (on surface) weaken material o break surfce bonds.
‘Scratches have siress concentrations a thei ips- can be awarded
from diagram.

Cracks propagate through material.

Correct direction of bending is to open the crack  [ANY 2]
(credit well annotated diagrams)

[Local] stress cannot be relieved by slip / plastic flow dislocation
movement

Compression (1]) [Do not accept ‘stress]
More difficult for cracks to develop/ widen propagate (1)

800x10°
001

Area under graph = % x0.01 x 800 x 10°+ % x 0.08 x 100 x 10°+
008 x800x 10°) =72 [Mmr') (1)

Volume =2x(125 x 10°F x2.5= 12.3 x 10° '} (1)

Work done =72 x 10°x 12.3 x 10% = 884 1] 1) (ecfon botharea
and volume).

Initial straight ine of same gradient. (1)
Yield point at 1000 MPa. (1)

Linear plastic region of small slope (accept z¢r0 slope) stopping at
% stain (1)

Creep: (Gradualislow/Over time] AND
extension/stretching/deformity or increase in strain] (1) (under o
constant ood).

Necking: Loealised or reference o *section” or ‘region’) thinning.
(of structure/material before breaking-accept diagram) (1)

‘Same shaped curve but steeper gradient (1)
‘Stopped at 15% and 1< 400 hrs (approx.) (1)

Repeated bending,streiching or hammering of metal alloy (1)
Dislocations become tangled / traffc jam effect or new dislocations
created (1)

‘Stopping each other from moving (or inhibiting plastic deformation
o collect at grain boundaries) (1)

Question 10 Total

Gradient shown = $0GPae.g.

0]
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No permanent set. Accept: rubber returs to original length

(ot position) when load s removed or strain fetums to origin

or no strain after load is removed.

At (A) molecules unravel (accept untangle) under the action of

aforce.

AL (B) molecules full stretched! strong forces between atoms

‘within molecule.

Accept - also C-C bond rotates

Efthar. Smal force (o sires) produces large extension (or
shallow gradient

unstretched or energy dissipated (ost) in one cycle of loading
and unloading.

“Lost energy transferred to intemal energy (accept hea) of
molecules.

Repeated large deformation increases energy loss as internal
‘energy (hea) or larger hysteresis curve leads [0 increasing
temperature intyres.

Understanding shown that I = ¥ F (es-+ €q)

oy ngeqe P
o qay T Gay e
wyp{ o, Pl merks
w V"{uy L] (awara 3 marks i ony s seen)
Clear mathematcal siep leading t fnal equation ¢ g
Facorssien o acion sddon 3.
-y ELfL
wen g
Aernative:
Win P found
WinQ found

W= % x 2800 x 0,033 x 10°
00462

[No marks for 0.03 x 10° used]
1 for power of 10 sip]
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Marking details.

(i)

Correct manipulation and substitution
(ect on 0.0462J)

Useot 4=z or X (651074 m)

¥=1.03x 10" [Nm] [0 marks for if area incorrect]

3
Yo=3¥,
For same F, Land 4

Question 9 total
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Marks.
Available

®

(i)

(i)

All 4 positions considered. 2 relevant statements per position

Atstart (A) Egem—max
Ey—zero W
Ertanc— 210
Eree fall, Cord slack(B) £, — decreasing
—increasing (1)

Ertasc— 2610

Cord streiching (C)  Een — decreasing
E- o decreasing (1)
Eriunc - increasing
Atlowest point (D) Ego, — minimum (accept zero if explained)
Ei-zer0 @
Epiaue — maximum
5 mark available for other general comment e.g Some of initial energy

lost due to air resistance / rope gets hot (1) Don't aceept statement of the
conservation of energy on its own.

Epwm = 70x9.8[1]x 130 (1) substitution (not g = 10 m 5™
= 89271 [J] (1) (accept 89 300 or 89 000)
89271 = Y2k (508 (2y||m.kru£,._=§n‘.|n-kraso|m]|
k=714 [N m"] (1) ecf from (b)i)
_7oxom

mg = k(1) Jra = 96[ml() ecfon kfrom (b))
N.B. Only penalise once for use of g = 10 m s*

Question 4 total

2
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Marking details

Marks

Available
3 |(@ | ()| Straightline through origin. Accept Fax. m
(ii) | Area="% Fx (1); F = kx and clear substitution/manipulation (1) 21
® | )| F=80N](1) or  k=100[Nm"] (1)
Use of % Fx Use of % k'
(ie%x80x80x107) (1) (i.e % x 100 x (80 x 107)) (1) 3
=032031(1) =0.32(J] (1) (ecf for Bl
(ecf for F) derived value of k)
(ii) | 032= % mn? (ech) (1), 0[ms"] (1) 2]
(© AE, = Fd understood (1)
d=(0.8+04+(2x(02))) or 246 [m] (1) ”
AE=0.03[J] or ( ¥ x0.04x (4~ 3.89) (1) (ecf from () (ii)) 4
F=0013[N] (1) (ecf for d)
Alternative method using equations of motion and = ma acceptable.
Question 3 Total 2]
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(@)

)

©

(d)

(0]

(i)

(0]

(1)

Force a extension [provided elastic limit is not exceeded]
Accept Fax but x must be defined

4.0 [em]

F (from graph) = 0.6 [N] (1)

Correct application of @ = ZE . %ZISms (1) UNIT mark
m

(ecfon F)

substitution into % Fx (or area under graph or ¥ kx’) (1) ecfon
Eqang=36x10[J] (1)

Eqing=0[J] (1)
XF =0 or acceleration = 0 so extension =0 (1)

New extension = % x original (1)

Force in each spring = %  original

or spring constant of system = 2 x original

or energy in each spring = ¥ x original (1)
Total energy (in both springs) = % x original (1)
Accept algebraic equivalents

Question 2 total

U]

U]
2]

2]

2]

13]
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Marking details

Force per unit extension. Accept E (orx) only if e (or )
defned as extension.
Base units of F shown: kgms® (1)

kems® soen (1)

Aromative:

Base units of I¥ shown: kgm’s® (1)
ems® een (1)

Atomative:
Wur-h‘ﬁummt-ar‘%u)
Units of k shown to be kg's® (1)

40N extends the spring by 0.20m seen (1) award extension
markif 0.45 - 0.25is seen (or 0.20)

Or k=5 (gans frst 2 marks)
k=20 [NmT'] (1)

Hooke's law obeyed or force proportional to
‘extension or elastic imit not reached (1)

1.0N produces an extension of 0.05m (or any other well-
reasoned comment) (1)

Original length = 0.20{m] (1) Award 1 mark only for
unsupported answer

Extension = 0.25[m] ect from (i) (1)
Eithor:

Correct substituion into I = % Fx (% x 5.0 x 026) (1)
w=06250] (1)
or:

Correct substtuion into = 4 k’ (% x 20 ecf x 0259 (1)

W=0625] (1)
Use of 0.45m award 0 marks

Question 7 Total

m

"1
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(i)

0
(i)

(i)

()

NB Slipping planes of atoms can get only
- 2 mark
foreign atoms or other dislocations or grain boundaries (1)
stop dislocations from moving (1)
[accept work hardening etc for max 1 mark]

Hysteresis

Greater for loading because arca greater (1).
[difference] goes to heat [in tendon) (1)

Attempt at working out area (s) (1)
Good attempt at working out both areas (1)

e.2 below loading ~ % x 0.006 x 1200 =36 J

+ below unloading ~ Y+ 1%+ 2% + 3% + 5% = 13% big sq’ (1)
(ueqwmnn—tm,q trapezoidal rule]

7 100=75 % eq" + cale—.c.£. on work valucs] (1)

L W= 4Fe for W=t x stess x strin x volume ] (1)
Fonas=tl
1 1
Convinging substitution + algebea (1)

E= o E=Zana o=
Ae &

1. F=1200Nand W = 3.6 J e.c.£ from (iii) [other possibilities] / or
‘other values from graph (1)
=03 mand 4 =0.55 x 10 m’ [ic. unit conversions] (1)
1200°x0.3 Fl
El® — ——— 1GPa/or E= —— 1.1 GPa(1!
F ossxa0 36 ot e o
Any 2 x (1) from:

« Large Young modulus [accept stiff]

« Large strains without breaking [accept ‘elastic”, “llexible’] ¢

o Large stress without breaking/high [ultimate] tensile strength
[aceept “strong’}

Question Marking details A
© ) “Jiagram showing dislocation (1)
§4 forces in opposition shown or implied in
‘argument (1)
qg ‘correct breaking bond shown (1)
correct ‘making” bond shown (1) 4
‘é & mtiets
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Question

Marking details

Marks
Available

0 [@ | O
A (ii)

®)
(c)

@ | ()

(ii)

(iii)

LCS — largest plastic deformation
QAS — highest breaking stress

All are same / similar from initial gradients.

HCS has greater strength and stiffness (1)

Carbon in (crystal) lattice (1)

Hinders/opposes/stops dislocation movement (1)

Hence more opposition to plastic deformation in HCS (1)

Lmv’ =L Fx(1) % Y (1)

m=pAl (1) + convincing algebra (1)
£=0.002 (1)

0°

v=3 6.6ms™ [answer] (1)
Accept either or QAS with sensible reason:

e.g. LCS has a higher breaking speed (1) because the area under the
graph is greater / £t breaking is much bigger (1)

or QAS has a higher speed (1) because the area under the graph in
the elastic region is bigger (1)

1
1

B | @

)

(c)

2.6>2.7 GPa from the graph (1)
83->865kg (1)

‘Thin fibres have fewer surface imperfections (1)
Very thin fibres have no surface imperfections (1)

‘Thin glass fibres encased in resin / epoxy / plastic material
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Marking details

0]

(2x1) from: crystalline- long range, regular (unit cell repeated)

Amorphous- short ange, iegular

Polymeri. long chain molecues (o ander between,only
witin molecules)
2 examples given (1)

e
Equation applied o both sectons comecly ke 2 and - (1)
A

Extensions added ie. 72+ 72 (1)
Convincing algebea (1)
Line drawn correctly

Re-arrange for A bas, 24 bar or combination (1)

Cortet force-extension combination for each of above (

‘Both extensions correct . 2 um and 4 m (ecf on line) (1)

Cortect method of finding energy ¢.¢ e o Jeuxy or area (1)

Answer comect Ey =6 x 10° ] (eef o line wsually 12x10° 1) (1)

Ahernative: Areas under graph lines - same method applis
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Question

Marking details

Marks

Available
10 | (@ (1) | Hysteresis labelled/described correctly (1)
Permanent set labelled/described correctly (1)
Correct sketch (1) 3
(ii)! | Untangling of molecules (rotation about single bonds) (1)
Small force causes large extension (1) 2
11 | Increasing temperature increases random rotation about single bond

(molecules ‘ravel” up and become shorter) (1)

(Given) force produces smaller extension (1) 2
Question 10 Total 120]





image5.png
. | @

®

(i)

[0}

(i)

(i)

()

Diameterfaccept width/thickness do not accept radius/arcal—
i igital calliper [accept vernier calipers but not vernier

only] (1)

Original [accept natural] length— metre rule (1)

Take (one set of) Fand e from graph or Measure gradient [or = F/Ax]

Accept gradient = EA/1 (1)

Use value of d* /4 or a7 [explanation of how A is calculated

required — can be awarded from (1)) (1)

Insertinrelevant equations (1) ¥ = 5.2 or ¥ = grad x ¢ etc.

el 2 fmstshow £
AUEMPL 8t e + v (1)

Correct manipulation/algebra (1)
CSA calculated: 7.9 107 [m] (1)

Substitution (ecfon CSA) (1)

W=00423] (1) [-1 for lip in power of 10; -1 for use of diameter
instead of radius]

1.8 mm UNIT mark





