Mark Scheme

Q1.

Q2.

Q3.

uestion
Q Answer Mark
Number
. ]
The only correct answer is C (Hm T+ 5;} xox10 ) 1
A 1s not correct because this would be the change m elastic energy if the initial
force applied was O N
B is not correct because the final force on the spring 1s (300 + 50) N so this does
not take account that the mitial force on the spring was 50 N
D 1s not correct because this would be the total elastic energy of the spring
Question - .
Number Answer Mark
The correct answer is B 1

A 1s not the correct answer because gpe should be added not subtracted on
the right hand side

C 1s not the comrect answer because the total elastic energy 1s not FAx and gpe
should be added not subtracted on the nght hand side

D 1s not the correct answer because the total elastic energy 1s not FAx




Question
MNumber

Answer

Mark

(@)

It’s the force / stress beyond which the cable does not return to 1ts original length
when the force / stress 15 removed 1)

(b)(i)

Use of £ = Axfx (1)
£=0021 1)

Example of calculation
e=0126m=6m=0021

[

(b)(i)

Useof o= Fld (1)
g=14x=10°Pa (1)

Example of calenlation
=134 = 10°N=96= 107 m* =140 = 10° Pa

(=]

Total for question

th

Q4.

Question Answer
Number

Mark

(a)* This question assesses a student’s ability to show a coherent and

Marks are awarded for indicative content and for how the answer is
structured and shows lines of reasoning.
The following table shows how the marks should be awarded for
indicative content and lines of reasoning.

IC points IC Max linkage Max final
mark mark mark
available

6 4 2 6

5 3 2 5

4 3 1 4

3 2 1 3

2 2 0 2

1 1 0 1

0 0 0 0

Mark
5

Answer shows a coherent and logical structure 2
withlinkages and fully sustained lines of
reasoning
demonstrated throughout.
Answer is partially structured with some linkages and 1
lines of reasoning

logically structured answer with linkages and fully-sustained reasoning.




Q5.

Indicative content:
1.
2.
3.

There is a (backward) force/friction on floor from wheels/car
Newton's Third Law implies forward/opposite force from floor
Compression/deformation of spring reduces (as car moves
forward)

(Resultant) force is proportional to compression/deformation of
spring

Or

Reference to Hooke's law.

Acceleration is proportional to resultant force

Or

Reference to F=ma

Acceleration reduces (as distance travelled increases)

Or

Acceleration is zero once spring has returned to original state

Accept "resultant force” for "acceleration™ in IC6

Total for question




Question | Answer Mark
Number
(a)(i) o FEa=1%kAx? (1)
Or Use of Eg =% FAx and use of F =& Ax.
o o (1)
* Elastic PE 1s transferred into kinetic energy
Or Ea=Ex
(1)
o mvi=ta kA
s  States that m and & are constant so voc Ax. M
Or States that = ﬁﬂx :
m
(4
(a)(ii) + Gradient calculated. (1)
Or Use of a point on the line 1n a relevant equation.
e Use of % k Ax? = % m V" or gradient = v(k/m) 1)
ie. k=m * gradient’
e [kimnrange22-26 Nm®
(1)
Example of calculation
. ) 48ms1-22ms™t 1
Gradient T =8.67(s)
k= mass x gravdiem1
E=3.0x10" kg x (8.67 s1)°
F=226Nm
(3)
(b) * Limit of proportionality exceeded. (1)
Or Extension no longer proportional to force.
: (1)
* Range of Hooke's Law exceaded.
Or Hooke’'s Law no longer applies. (2)

Q6.




Question
Number

Answer

Mark

(a)

Maximum value of weight/force for which weight/force is proportional
to extension

Or

Point beyond which Hooke's Law no longer applies

Or

Point beyond which graph line ceases to be straight

Or

Point beyond which weight/force is no longer proportional to extension

(1)

(b))

Use of large triangle to determine gradient
Gradient = 18 500 (N m™") (sf range 18 - 19, no ue)

Example of calculation
gradient=37 N+ (2x 10 m) = 18 500 (N m™)

(1)
(1)

(b)(ii)

Rearranges E = stress [ strain to get E = gradient x %

Or Rearranges E = stress / strain to get gradient = ‘E
E

Use of A=1rr?
Young modulus =2 x 10" Pa
(allow ecf from (b)i))

Example of calculation
A=mx(2.8x107%7=2.46 x 107 m*
E=185%x10*Nm™"'x26m=+246x 107 m*=1.95x 10" Pa

(1)

(1)
(1)

(c)

Useofg =F
A

Determines maximum safe load

Or

Determines maximum stress

Or

Determines minimum cross section

Valid conclusion by comparison with student's calculation

Example of calculation

CF."."JEJ( - WrmaE

A
480%10%Pa=_  Wms

ZAE X 10 m"

Winax = 480 x 105 Pa x 2.46 x 107" m* =118 N > 100 N so yes

(1

Total for question

Q7.




Q8.

Question | Answer Mark
Number
(a) * Use of Young modulus = gradient (of erther imtial linear region of
graph) (1)
(IMP1 accept ratios of co-ordinates up to strains of (E28)0.0015 or (Ez)
0.0014)
e See321033x10Y(Pa)Or42w44x10"° (Pa) (1)
* Companson of the two values obtained
1.e. use of Erg B> Or (B E2)/E> (1)
o Py Ey=130t01400r (Exg— E2)/E:=0301t0 0.40 1) 4
(MP4 15 conditional on candidates using the linear sections for both
graphs in MP1)
Example of calculation
Ep=22"2F2= 438 % 101 Pa
0.0032
B =220 P 395% 101 Pa
0.0032
438 %107 Pa
Eag Eﬂ:m =135
(b) * Use of counting squares or approximation of the area to a series
of shapes from the 28-day graph
0.35 % 10® — area under 28—day graph (])
0.35 x 10%
* DPercentage reduction=12.0 % to 15.0 % (1) 3
Example of calculation
AE>3= (¥2x80 x 10° Pax0.0019) + [¥(80 + 128) Pa x 10° x (0.0038 —
0.0019)] + (64 x0.0001 x 4 = 105 Pa) =299 200 J m™
Percentage reduction = 350000 Jm _299_200 Jm= 100=145%
350 000 [m~—3
(c) * The breaking stress/force 1s greater (1)
¢ The concrete 1s less flexible Or the concrete 1s stiffer 1
(Do not accept a greater Young modulus) M
* There is a smaller plastic region
Or the elastic region 15 greater
Or there's little change in the toughness
Or a change in the properties of the concrete after you've used
it could cause problems (1) 3
Total for gquestion 10




Question

. ) Answer Mark
Number
(a) They act on the same object (1)
They are not the same type of force (4))] 2
{b){ll Use of £ :E (1)
x
1
Use Dszi'(Axandazf @
Useof E= % [allow a method using £ = Jfo for 3 marks] @
E=21x10"Pa @ 4
Example calculation
Ar=3x10"*%x38m=114x10"m
F=28x10'Nm'»*114x10°m=319x 10°N
3.19%104 N ;
G—m— 626 = 10" Pa
6.26X107Pa y
E_W =2.09x=10" Pa
(b)(ii) | Area under graph = elastic strain energy (can be indicated on graph) (1)
‘Weight of electromagnet 1s still exerted on cable after object falls (can be
indicated on graph) 1)
So change in elastic strain energy = area under graph between total weight
(of electromagnet and steel object) and weight of electromagnet (can be
shown on graph or given as an algebraic equuvalent usmg E,; = %Fﬂx ) @
And change m gravitational potential energy of electromagnet 1s weight of
electromagnet x change in extension (can be indicated on graph) (1)
So the change in elastic strain energy stored > change in gravitational
potential energy of the electromagnet (1) 5
Example of graph
F
total weight of .
electromagnet . Area of small tnangle
and steel object plus rectangle = change
in elastic strain energy
weight of
electromagnet
Area of rectangle
represents change
in GPE
extension
Total for question 11




Q9.

Question | Answer Mark
Number
(a) _ _
The greater the length of the rope, the greater the extension for a given force (1)
Stiffness k= F [ Ax so stiffness decreases (if extension increases). (1) 2
(b)(@)
Useof E=Zando = ande = = (1)
£ A x
Use of F = kAx o
5 1
F=135x%10"(Nm™) M 3
Example of calculation
270 % 10° Nm™~=F x 6.00m = (3.00 x 10~ m” x AL)
F=(270%10° Nm™ = 3.00 * 10~ m® = 6.00 m) * AL =k Ax
F 270x 10°Nm 2 x 3.00 x 10* m?
AL 6.00 m
=1.35x 10° Nm™
(b)(ii)
Correct use of factor of 2 to calculate F or Ax (1)
Use of AF = kAx (1)
1.85 x 1072 (m) (allow ecf from (1)) (1) 3
Example of caleulation
F=5000N/2=2500N
A F 2500N 185 x 102
—_— = = . h4
Tk T135x10°Nm?! -
(b) (i)
Use of AEg= % FAx (1)
AEg=23.1 I (allow ect from (1)) (1) 2
Example of caleulation
AE4=05 X2 500N %185 X107 m=2313]
© o
Use of W = FAs (to find the work done in lifting the load) (1)
Compares 7 500 J with their calculated value 1 b{iu1) and draws suitable (1) 2
conclusion
Example of calculation .
Work done by pulley system =5 =< 10° N = 1.5m =7 5007J
23(.1) (7)) =="7 500 (J) . not sigmificant
Total for question 12




Q10.

Question
Number

Answer

Additional Guidance

Mark

(2)

There is some energy stored in
the spring when the bread is in
the toaster

Or Some work 1s done by

gravity

(1)

Total work done (to stretch the
spring) 1s work done by gravity
plus work done by force of the
person

(1)

So the (total elastic strain)
energy stored is greater than the (1)
work done (by the person)

(dependent on MP1 or MP2)

(b)(i)

Deterrmines the force on each (1)
spring

Use of AF = kAx 1)

k=62 (Nm)(toatleast2 (1)
significant figures)

Example of calculation

052N

Force on each spring = =0.13N
0.13N _
k=——=619Nm™!
0.021m




(b)(ii) | Use of AF = kAx (1) | Example of calculation
1 (1) (1.2 N+ 0.52 N)
Use of AEg=Z-FAx 4
2 = = 0.0695
YT T 619Nm ! o
Use of AEgs, = mgih with
_ 1)
mg=052N
Edazic= 0.5 % (12N + 0.52 N) % 0.0695 m
Applies conservation of =0.0598]
energy @)
AF gz = 052 N % 0.0695 m = 0.0361]
Use of By, = %mr-‘z and use of
W= mg (1)
AE,=0.0598] — 0.0361] = 0.0237]
v =0.95 m s~ (ecf from
(b)(D)) (show that value gives o 052N a0k
) 98INkg® &
v=0.96ms1) 1) : g
B ||2 x00237] o
L—\Il ODESGkg = Uk ms
6
Total for question 12
Q1ll.
Question | Answer Mark
Number
: height fallen before the rope begins to stretch
a)( = 28 ope begt 1)
@®® Use of fall factor total unstretched length of rope
Use of e=Zwithx=150m
x (1)
Use of Egp = mgAh (1)
Use of Egp = Eg with their Ax (1)
Fra = 14 000 (N) (1) 5
Example of calculation
Height fallen=150mx 08 =12 m Ax=009%x150m=135m
Eoav =71 kg x 9.81 Nkg'x 12 m = 8338 J (from fall)
Eeav =71 kg x 9.81 Nkg™'x 1.35 m = 940.3 J (from extension)
B358]+9403T=% % Fppy®x 1.30m
qu =13772N
(a)(ii) | * This would not be a good idea. as the climber would reach a higher velocity
{(just before the rope stretches) (1)
* (Hence) the climber’s deceleration/force (as the rope stretches) would be
greater (1) 2




Q1l12.

(b) Max 6
*  [se of area under the graph to determune the stored energy (1)
*  Energy = 8007 (new) (1)
e  Energy =700 7 (old) (1)
*  The old rope would absorb/store less energy
(1)
o  Use of F = kAx to determune &
(accept gradient of a tangent) (1)
* (Calculation of & for both ropes at same applied force (1)
*  The old rope 1s not as stff as the new rope (1)
Or The old rope extends more
(1) 6
¢  The old rope would break at a smaller applied force/stress
Total for question 13
oEi Answer Mark
Number
(a)
Stress (or strain) value at/beyond which a material/object undergoes a
sudden or large plastic deformation (1) 1
(b)(@)
The force/tension from/in the cable (on the actor) 1s greater than the (1)
weight of the actor
(1) 2
(So) there 1s a resultant/net/'unbalanced force (upwards)




(b)(i1)
Useof W=mg (1)
UseofZF=ma (1)
Tension = 917 (N) (1)
Example calculation
W=T7Tkg x 981 Nkg'=T755N
T-735N=TTkg*21ms>
T=162N+753N=91TN
(b)(ii1)
Useof d=m#? (1)
Use of ¢ = F + A (ecf from {b)(11)) (1)
Allowed stress (13% vield stress of steel) = 3.8 % 107 Pa
and 0 =2.0 % 10" Pa
Or
(15%)7" of cable stress = 1.3 = 10° Pa
Or
Max safe tension=1.7 = 10° N
Or
Min safe diameter = 5.6 » 10~ m
Or
Percentage of yield stress = 8%
Or
Max safe acceleration = 12.3 m s~ (1)
Valid conclusion by comparison of relevant student values (1)
Example calculation
_md® _ mx(7.6x10"°m)" _ 5
A= 9:?N n =454 %10 " m
O = oanlomE = 2.02 x 10" Pa (show that value gives 2.03 = 10’ Pa)
0.15 % 2.5 X 10° Pa = 3.75 x 10’ Pa
2.03 X 107 Pa = 3.75 X 107 Pa so it is safe.

(c)

a greater force 1s required

the same stress

the same length) [dependent on MP2]
Or

New cable has a greater cross sectional area, (but same breaking stress) so

Because new cable has smaller Young modulus. there 1s a greater strain for

So (at breaking stress) there will be a greater extension (because cables are

Smaller Young modulus implies greater extension (at brealang stress,

because cables are the same length) [independent mark]

(And as) force and extension both increase, work done to break the new
cable 1s greater than that for the original cable [independent mark]

(1)

(1)

(1)

1)

Total for question

14
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