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Mark Scheme

Q1.

Question i . ,
Number Acceptable answers Additional guidance Mark
(a) ) ) _ Alternative method:
Replace Work 7" by force x distance (1) | Consider one revolution of axle . Load
. . . i 2
Replace distance = time by velocity v fses
P ; ; (1) | Work done = 2mF
Use v =r x Angular velocity Time taken =21+ @
_ . (1) | Power = Work = time=2mF = 2/ to
Recogmise F % r1s the moment of F give reqd eq 4
(1)
Q_uestion Acceptable answers Additional guidance Mark
Number
(b)) MP3 dependent on lines being
* Arrow away from + charge perpendicular i MP2
Or arrow towards — charge )
* At least 3 Equpotential lines, 1 3
perpendicular to field lines @ " -
* Symmetrical about N r
vertical/horizontal axis and not (1) -¥

touching/crossing



https://stemup.co.uk

Question : " ,
Number Acceptable answers Additional suidance Mark
(h)(ii) Example of calculation:
. T __hbh L 1 (0. ~“C)’
Useof F="" 3 F =899x10°Nm>c? @2X107CF
e (0.05m)"
- 3
« F=0.036(N) @ | F=0.036N 2
Question Acceptable answi Additional guid Mark
Number Acceptable answers ¥ onal guidance Mar
© ] . ﬁ
Use of moment = F x (1) | Show that value gives 3.2 » 10~ Nmand 0.64 W
Expression for correct .
N (1) | Example of calculation:
Moment 4
Use of power = moment of =0.036Nx0.04mx»2=2.89x10" Nm
force x angular velocity ()
Only realistic possibility is Power =2.89x 107 Nm = 2005~ = 0.58W
pond pump and P = 0.6W (L
(calculated answer could also
be force and then comparison
with b(1))
Q2.
,? uestion Acceptable Answer Additional Guidance
Number
e Useof s =2 (1) | Example c&f cal-:_;ﬂation:
. u+0
* UseofE =%mv2 (1) | 325m= ~%17.55
o UseofP =% (1) =%=3.?1 ms™ 4
¢+ P=110W @ |p
A, %xlg.e kgx(3.7ms?)*
A 1.25s —1o7wW

Q3.
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Q_llESﬁDll Acceptable answers Additional guidance Mark
Number
@ _ Example of calculation: 3
o Useof AW=FAs (1) In 1 second
and P=W/t W = FAs
4500 W =F x 34ms*
= 1 ;
* Useof F=ma @D Force applied by motor =132 N
= —2 1
e a=031ms (1) F = ma
132 N=420kg x a
a=031ms-’
(i) » Neglect friction forces (1) 1
when 1t starts from rest Do not accept “force” without a description
Or Motor/Driving force
independent of speed
Q4.
Question A bl er Additional guid Mark
Number Acceptable answers : tional guidance Mar
C 1
mgh

Q5.

A uses the distance AB rather than height
B uses a component of height
D uses a component of height
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Question

Number Acceptable answers Additional guidance Mark
(i) s distance between at least two pairs of MP1 and 2 could come from marks on
images (1) | the diagram
* distances between images are the
same in X direction
1
* distance between images varies in y
direction showing a changing
velocity
7 M
+ velocity in the x direction is constant
50 X direction is independent of v 1)
direction 4
(ij.) - use of-;_r: = ;l_,[: + 2as or s = ut +égt: a.h' to I\'IPE N 0.5 ms-] {3110“' 0‘1 fo U"ﬁ}
- (1) if using distance taken from first two
* initial vertical component velocity images and va=d/t
=04Tms"
1
) ) Example of calculation:
+ use of vy = d/t in the horizontal ) 0=u’—2%98lms2x0.011lm
) wy=0465ms?
*  Use of Pythagorus with vy and uy n
. 0.08m
" itv = - Yy = —
+ Resultant velocitvy=11ms o H= 008 s

va=10ms?
v =(0.47° + 1.0%)

Resultant velocity =1.1 m 5™

i

Q6.

(i)

o Useof A= F As

s Use of Ex=% m*

« F=00I5N

Alternative
¢ Useofv®=u*+2as

« F=00I5N

*  Use of F' = ma (dependent on MP1) (1)

(1) | Allow ECF from (a)(ii)

Example of calculation:
(1) 2% F x 0.003m

1 : -
=3X 150 % 10~*kgx1.1% (ms)?

(1) F=0.015N “show that™ value gives F

=0013 N
(1) | Alternative

a=202ms?

1.12 (ms?)? =2 xax 0.003m

(1) 2% F =150 x 107°kgx202 ms~*

F=0015N
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Question .. . )
Number Acceptable answers Additional guidance Mark
- Uses V=1/C {]}
Or V=Nm/C
OrvV=wWbs? 3
¢ Useof T=N/Cms’
Or T=N/Am
-2
Or T=Wbm- Example of unit simplification:
?r Sub of B=F/IL and cancels (1) J/C should equal % % A+ m—3Cm
i _m_] -
T e ¢
Uses units of n = m™~ and completes 1
agreement
Alternative with base umnits:
*  Uses base unit of force =kg m 57
Or base unit of energy = kg m” 57 e
*  Uses base unit of charge=A s
Or uses A=Cs’!
Or Sub of B=F/IL and cancel I's 1
or A's
Uses base units of n = m~ and a
completes agreement
Q7.
Question ) e .
Number Acceptable answers Additional guidance Mark

» Determines vertical height gained per (1) | Example of calculation 4

second P
= 18N x 2.8 m + 60 kgx9.81N kg
» Useof AE,.,, = mgih () | x 2.8m x sin5.7
e Useof AW = F x As and P= Wit @ P =504 +1637
1 -

s Power=210W @ P=214W
Alternative method based on resolving Alternative based on resolving forces
forces

Wsind = 60 kg x 9.81 Nkg
« resolves weight along slope ) X sin5.7 = 58.5 N
» determines total force along the slope @ Total force down slope = 58.5 N
a +1BN=T65N

¢ Useof AW = F x As and P= Wt

« Power=210W

)

Power 1s work done per second
=765N=<28ms!
=214 W
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Q8.

Q9.

Question
Numhber

Acceptable Answer

Additional Guidance

Mark

An explanation that makes reference
to the following ponts:

The potential difference creates

an electric field

An (eleciric) field/force does m
work on the electrons

(increasing their kinetic energy)

Or an (electric) field/force
accelerates the electrons

(increasing their velocity) (1)
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Question
Number

Acceptable answers

Additional guidance

Mark

There i1s (damping due to) air
resistance and this (damping)

force 15 the same for both (since L
they have the same shape, area
and speed mitially)

For large mass the force due to
air resistance produces a smaller
negative acceleration smce a =
Fim

The speed will decrease less for
each swing, so there 1s less effect
on the amplitude

Or It will take longer for the
(maximum) speed to decrease
(to zero) so the pendulum will 1)
oscillate for a longer time

OR

There 1s air resistance and the
force 15 the same for both

The work done by air resistance
per swing is the same for both 1)
masses

Tnitially the larger mass has

greater quantity of energy shared
between 1ts kinetic and potential
energy stores, so the proportion

of KE transferred to the thermal
energy store of the sphere and

the sumroundings 1s less per

swing, so there 1s less effect on

the amplitude

Or Larger mass has greater total
energy so fraction dissipated per
swing 1s smaller so the

pendulum will oscillate for a @)

longer time

1)

1)

OR
There 15 air resistance and this
force 1s the same for both

¢ For both masses the change in
momentum per swing 1s the
same

1)
(1)

¢ The larger mass has greater
initial momentium so 1t will take
longer for the (maximum)
momentum to decrease (to zero)
50 the pendulum will oscillate
for a longer time

(1)
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Q10.

Question
Number

Acceptable answers

Additional guidance

Mark
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Mark Scheme

Q1.
Question - . -
Number Acceptable answers Additional guidance Mark
# (Calculates change in (1) Example of calculation 5
mass (1) | Amr=238.0003u— (2339942 +
(1) | 40015
¢ Converts from u to kg = 0.00463 = 1.66 = 107V kg
» Useof AE=c"Am =7.636 % 1030 kg
. 1) | AE=(3.00= 10°m s7)* = 7.636 =
+  Useof Bx=tm 1) |107%0kg
¢ v=14x10"ms" =6.872 = 10747
6.872 1[}'1-= T=% (4.0015 u) v*
v=14%10"ms™
Q2.
Question : - -
- Acceptable Answer Additional Guidance Mark
Number
s Useof W =0V ) le of calculation:
1 . i
1 ., =mv' =el
* Useof KE =Smv @) 3 =
) - B EES o ot KT
» Useof lu=1.066=10"kg @) | T T 66410Tke
s v=216%10" (msh) @ 4
Q3.
Emﬁﬁan Acceptable Answer Additional Guidance
Number
e Useof s =2 (1) | Example of calculation:
. (u40)
o [Use ofE‘k =:m1}2 (1) 32.5m= ®17.5s
¢ UseofP = % (1) %23.?1 ms™t s
e P=110W @M |p
AE. 1196 kgx(3.7ms)*
k-2 — =107 W
At 1.255s
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Q4.

E‘:::l];z: Acceptahble Answer Additional Guidance Mark
(1) o Useof F=""rith (1) |Example of calculation:
r GMm _ mv?
F= me= 'J‘: - -
" _GM
¢ Cormrect substitutions T e " . ve
0 caleulafe £ ) |, _ 667X10 N mikg?x5.97x10* kg
q (7.59%x10° ms1)2
* h=54x10"m (1) | r=6.91x10°m
OR =~ h=(6.91x105-6.37%10%) m=5.42X10°m
. Useofg=%mﬁnd 3
value of g at orbit
height (1)
¢ Useofa= pTzwith
val-ue of g at orbat a)
height
5 1
¢ h=54=<10m @
(ii) e Use of GPE = 2™ (1) | Example of calculation:
r 1 1
e GPE=57x1003 () |“FE=GMm (E_Z) 2

{(ecf from (a)(1))

~GPE=6.67x10"'Nm?kg? x 5.97 x10%* kg

1 1
X 11600 kg (ﬁ.s?xmﬁm's.gix-msm
~GPE=5.67 x10'7]

)



https://stemup.co.uk

g:i;?;g: Acceptable Answer Additional Guidance Mark
(1ii) ¢ This would bring the gravitational potential
energy closer to zero (1)
¢ This would mean that the satellite would
orbit at a greater height as GPE o< % (1)
* Toremain i orbit the centripetal
acceleration mmst equal the gravitational
field strength at the orbit height Or Since
gravitational force smaller, % would be (1)
reduced
¢ (Hence) r 15 greater so v must be smaller (1)
Orv? = G:f and satellite would orbat at
lower speed
OR
¢ HST wall have more kinetic energy at the 1)
ongmal orbit height
* The centripetal force will be too small to
keep it in this orbit (1
¢ The satellite would be travelling too fast. so ()
1t would move to a lugher orbat 4
¢ (Hence) r 1s greater so v must be smaller 1
Orv? = G:f and satellite would orbat at (1)
lower speed
Q5.
Question ) o : .
Number Acceptable Answer Additional guidance Mark
(a) » attempts to find area (1) | Example of calculation:
under second peak h=c-xs2ms™x(12-070)s = 1.0 M
OR use of a suitable
equation of motion
OR equate E =
=mv? and AE = mgAh
e height =09-1.0m (1)
(2)
Question ) . . :
Number Acceptable Answer Additional guidance Mark
(b) e use of AE =mgAh (1) | Example of calculation:
OR use of E = zm»? E = 0.060 kg X 9.81m s>
(1) x (2.0 — 1.0)m
L AE =0.59 ] E=059]
(2)
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Question
Number

Acceptable Answer

Additional guidance

Mark

(<)

EITHER
¢ finds gradient of
middle section

e use of F=ma
e F=04N

OR

e reads two
corresponding pairs of
v and t from middle
section of graph

m{r—u)

e Use of F=
At

e F=04N

(1)

(1)
(1)

(1)

(1)
(1)

Example of calculation:

_ (63+42)ms”
(0.74-0.64) s

1
X 0.060 kg = 64 N

(3)

Question
Number

Acceptable Answer

Additional guidance

Mark

(d)

Initial free-fall

e gradient of both (1)
graphs is the same

Bounce section

o the gradient of the (1)
soft ball graph is
less

Second free-fall

e gradient of the (1)
soft ball graph is
the same as the
first graph
OR the gradient is
the same as in the
initial free-fall

Accept the first line is the same

Accept time for the bounce is longer

(3)

Q6.
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Question

d Acceptahle Answer Additional Guidance
Number
This question assesses a student’s ability to show .
) . Number of
a coherent and logically structured answer with marke
linkages and fully sustained reasoning. awarded for
structure of

Marks are awarded for indicative content and for ﬁt‘:ﬁ:;d
how the answer is structured and shows lines of line of
reasoning. reasoning

The table shows how the marks should be
awarded for indicative content and lines of

Answer shows a
coherent and logical
structure with linkage
and fully sustained
lines of reasoming
demonstrated
throughout

]

Answer is partially
structured with some 1
linkages and lines of
reasoning

Answer has no
linkages between its 0
points and is
unstmetured

Q7.

reasoning.
Max

€ | 1€ | bnkage | 3
points | mark | mark 1m?l£

available '

G - 2 1]

5 3 2 5

4 3 1 4

3 2 1 3

2 2 0 2

1 1 0 1

0 0 0 0
Indicative content:

* (Collision takes place on an 1ice
surface so) there 15 mimmal
friction Or External forces are
negligible

* MNomentum is conserved in the
collision

&  The momentum of stone A before
the collision equals the
momentum of (A and) B after the
collision

* Stone A must be at rest after the
collision

* All of the kinetic energy of stone
A must have been transferred to
stone B

* Kinetic energy 1s conserved 1n an
elastic collision
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e Acceptable answers Additional guidance Mark
number
(i) Use of Y2 mv? = mgh (1) Example of calculation:
v=243ms' (1) v=y2gh=y/2x9.81 X 030=243 m s’ ,
(i) Use of impulse = change in Example of calculation:
momentum (1) Ft=mv—muwhere u=10
Recognises initial velocity 1s SoF=(0019kg =243 ms1)/005s=0923N
zero (1) - I=nx0048m=0151m
Hence F=0.923 N (1) [=0923 N/(0.032 T x 0.151 m) = 191 A
Use of [ = nd (1)
Equates calculated value of F
with BII (1) 6
¢ Hencel=191A()
Q8.
Question | Answer Mark
Number
(a) The wavelength (associated) with a particle/electron (1)
with a given momentum (1)
Or
A=hp (1)
all terms defined (1) 2
(b)(i) | Use of Ey=eV 1)
Use of E,=p*/2m Or use of By = /2 and p = mv (1)
Momentum =121 % 10  kgms™ 1) 3
Example of calculation
E=16%107"Cx500V
P=2mE=2x911x10"" kg (1.6 x 107 x 500) J
p=121x10"kgms™"
(b)) | Useofd =hip (1)
A=15.49 % 107" m (ecf value of p from (1)) (1 2

(show that value gives 6.63 = 107" m)

Example of ca!cularion ) _
p=6063x 107 Ts/121 = 1075 kgms™
A=549 % 10" m

Total for question

QO.
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Question

. I
o Useof B = Sma

for projectile
e AFE=4907]

(n

)

1
13.3] =5 x (2.4 + 0.065)kg X v°

13.3]

A= |——————— =328ms !
ﬂ|0.5 X 2.465 kg

0.065kg X u=2465ks Xx3.28ms!

8.10kgms* 4
aU=——————=124.6ms
0.065 kg

1
Ex =E>< 0.065kg X (125ms™*)% = 504 ]

~ AE = (504 —13.3)] = 491]

= ~ | Acceptable Answer Additional Guidance Mark
Number
*» Useof B, = mghh (1) |MP1: Use of suvat equation to calculate u
- 1 4
¢ Useof Ex = g mus 1 MP2: Use of Ep = %mvz for block and projectile
for block and projectile Or use of E,,, = mgAh
* Useofp=mv (1) |Example of calculation
¢ Use of conservation (1) |Egrav = (2.4 + 0.065)kg X 9.81 ms=2 x
of momentum 0.55 m = 13.3 | (of block and projectile) 6

Q10.
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Question

path difference at X 15 A/2 1)
Or path difference at Y 1s 4
(electron) waves at X are in )
antiphase

Or (electron) waves at Y are in
phase

at X destructive 1)
interference/superposition takes

place

Or at Y constructive
interference/superposition takes

place

Number Acceptable answers Additional guidance Mark
Use of Ex = p* / 2m (1) | MP1 accept use of p = mv and Use
of Ex = ¥ mn?
Use of L = v/p (1) | MP4 acceptin+¥%)iorni
respectively
A=3502x10" (m) calculated
from Ex ()| Example of calculation
Or P=V2%911 % 10 kg = 9.6 =
Ex=9.7 % 1077 (J) calculated fros 10777 . _
A=50=10"m p=132=10"kgms™
Or A=663x10]s/132= 10 kg
p=13=10%5 (kems) ms™
calculated from Ex and A=50%10"m
p=13=10% (kgems™)
calculated from 2 =5.0 % 107! m 6

Q11.
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Question

Or 9900 slaps would be needed, so
not enough

Or temperature nise from 8000
slaps 1s 115 K which is less than
required temperature rise of 142

K

220 x 10%]

Number of sl = —= 9910
umber of slaps 222

1
Ex =5 x L75kgx (625ms™)* = 342

AE = 0.65 % 8000 x 34.2] = 1.78 x 105 ]
1.78 x 105] = 0.875 kg x 1770 [ kg~ K™
x (Tf — 296)K
1.78 x 105
. 1"f BT TV ET I T =
155 % 103 JK-!
» 0= (411 —273)K =138 °C

+ 2906 K=411K

MP3: must see a correct value
as part of the conclusion

Number Acceptable Answer Additional Guidance Mark
o Useof Egx = mv? (1) | Example of calculation
; 1
Ex =5 % L75kg x (625 ms™)? =34.2]
* Useof AE = meAg @)
AE = 0.65 x 8000 x 34.2] = 1.78 x 107 ]
AE = 0.875 kg% 1770 J kg 'K~!
+ Use of 8000
) *x (165 — 23)K
Or use of (energy required) / (1) ( ) _
(energy per slap) ~AE =220 10°]
. ® 1
*  Use of 65% with input energy _
Ex 2x175kgx(6.25 -1)32=342
+ Energy from 8000 slaps would be * 8 ( ms~) ]
1.78 = 10° T which iz less than the AE =0.65x34.2]=222]
energy required to raise the _ AE = 0.875 kg x 1770
tJ;:mpeIature to 165 °C (2.20 = 10¢ Jkg~1K~1 x (165 — 23)K
Or final temperature would be 138 = AE =2.20x107] 5
°C, 50 not enough 0y

Q1l12.
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Question

Number Acceptable answers Additional guidance Mark
(i) s distance between at least two pairs of MP1 and 2 could come from marks on
images (1) | the diagram
* distances between images are the
same in X direction
1
* distance between images varies in y
direction showing a changing
velocity
7 M
+ velocity in the x direction is constant
50 X direction is independent of v 1)
direction 4
(ij.) - use of-;_r: = ;l_,[: + 2as or s = ut +égt: a.h' to I\'IPE N 0.5 ms-] {3110“' 0‘1 fo U"ﬁ}
- (1) if using distance taken from first two
* initial vertical component velocity images and va=d/t
=04Tms"
1
) ) Example of calculation:
+ use of vy = d/t in the horizontal ) 0=u’—2%98lms2x0.011lm
) wy=0465ms?
*  Use of Pythagorus with vy and uy n
. 0.08m
" itv = - Yy = —
+ Resultant velocitvy=11ms o H= 008 s

va=10ms?
v =(0.47° + 1.0%)

Resultant velocity =1.1 m 5™

i

Q13.

(i)

o Useof A= F As

s Use of Ex=% m*

« F=00I5N

Alternative
¢ Useofv®=u*+2as

« F=00I5N

*  Use of F' = ma (dependent on MP1) (1)

(1) | Allow ECF from (a)(ii)

Example of calculation:
(1) 2% F x 0.003m

1 : -
=3X 150 % 10~*kgx1.1% (ms)?

(1) F=0.015N “show that™ value gives F

=0013 N
(1) | Alternative

a=202ms?

1.12 (ms?)? =2 xax 0.003m

(1) 2% F =150 x 107°kgx202 ms~*

F=0015N



https://stemup.co.uk

(1%1111:;1;;2:.1 Acceptable answers Additional guidance Mark
. - . 5
O+ treotr—cm/s 0 | el il -
T — 13 (T 1] - S U .
® Changein =318 = 107 (T kg™) = 667 %10 Nmikg?x 92 x 10%
kg = _
((12.7=10%m - 1/1.8 x 10" m)
=318 % 108 Tko!
(i) + Equate change in gravitational Example of calculation 3
potential energy to change in m % 3.18 % 10" Tkg™!
kinetic energy 1) |=(05%<mx=(810=105ms - (05
Oruse of E;=ml” % m va')
L 1) [m=14=10°ms!
+  Useof Ex=":mn- (i)
e v=14x10°ms’!
Q14.
E‘;““ﬁm,' Acceptable Answer Additional Guidance Mark
Number
¢ Speed of impact 1s the same for (1)
both spheres
(1) For MP2 accept radius instead
* mass of sphere o< (diameter)® of diameter
(L
« E = %mv: so factor = 8 i{;;ldnclorrect answer scores
only
OR (1) .
* Final Ep =AE . M Example of calculation:
my  fAemn”
* mass of sphere o« (diameter)® ma _(g ,:m) =8 3
0y Epz mo 2
* AE_.., = mgAh, sofactor = 8 Epy my
Q15.
?:uemm:,' Acceptahle Answer Additional Guidance Mark
Number
¢ (Cross sectional area (1) | Example of calculation:
length used to calculate Volume of seatbelt. =085 = 10~ m’ 2 m
volume V=17 104m’
1 1 3
e Useof B,=-mu? @ E=-X75kg %(28 ms™)*=2.9 x 10%]
2
(1) E_ 2.9%10% 3

Energy per umt volume
=17 =10° I m™)

B S9HL0TT 108 3.
B =S =173X10° fm
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Q1l6.

Q17.

Q1s.

2:::‘: Acceptahle Answer Additional Guidance Mark
@ ¢ Useof F=EBQvandF = EQ 1)
¢ Algebra to show v = E 1) 2
(ii) ¢ Useof W=0QVandE, = Example of calculation:
12 _E_ taxio*vm! e _v®
2 : @ | YTET TisxiwoT m
o Useof !?ZE 1) i_(9.33 % 10° m 5-12)_1 74 %10 C ke!
* —=17x10"'Ckg’ @ |m~ 22sov T ke 3
?::llz:ﬂ Acceptable Answer Additional Guidance Mark
An explanation that makes reference to the
following ponts:
* Vo = @ A and © constant (1)
o [f.4 doubles, then vy, doubles a
* Hence max E; will quadruple,
since B, = %mv: [dependent upon MP2] o))
OR
o AE, =%Fﬂx and AF = kAx (1)
* AE, o (Ax)® since k is constant (1)
¢ Hence max Ex will quadruple, 3
since max Fx = max AFE. (dependent (1)
upon MP2)
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Question - . .
Number Acceptable answers Additional guidance Mark
; i ) Example of calculation _
* Use of Veaw = —GM/R (1) | Vew=—667% 10 Nm’ kg™ x 597 x 10¥ kg /
. 1 _ 6370000 m=-62.5MIkg™ .
* ‘;jf“‘?umtf' AVeraw = Vigav Mocn @ | Ve 625MI kgl ——128 MTkg'!
zav Barth =612 MJkg™!
3 f .3 -1
o Use of m AVgy = Ex=" m- (1) |[%v=612MIkg
_ v=11100ms™
o yv=11000ms"" (1) 4
Q1l109.
2::;:: Acceptable Answer Additional Guidance Mark
) This question assesses a student’s ability to
: Number of
show a coherent and logically structured answer marks
with linkages and fully sustained reasoning. awarded for
Marks are awarded for indicative content and structure of
for how the answer is structured and shows answer and
. . sustained
lines of reasoning. line of
The table shows how the marks should be reasoning
awarded for indicative content and lines of Answer shows a
: coherent and logical
feasoning. structere with linkage
Max M and fully sustained 2
IC IC linkage ﬁ;ll lines of reasoning
points | mark | mark ma?l-_r demoenstrated
available thronghout
6 4 2 6 Answer is partially
] 3 2 5 structiered with some 1
4 3 1 4 Hﬂkaggs and lines of
3 reasonng
i : é 2 Answer has no linkages
= - = between its points and 0
1 1 0 1 1s unstruciured
I 0 0 0
Indicative content:
¢ The table shows that mcreasing the
drop height does increase the crater
diameter
¢ Increasing the drop height increases
the impact velocity/Ex
* Because there is a greater
acceleration time
Or because there 15 a greater
= For IC3 2 t refe t
transfer of GPE to KE a;;mpﬁ:ﬁﬁu;iem o
¢ The table does not show that 6

increasing the sphere diameter
(always) increases the crater
diameter

¢ For smaller spheres (from 2 to 4
cm). mncreasing sphere diameter
does mcrease crater diameter Or for
bigger spheres (from 4 to 6 cm),
increasing the sphere diameter has
little effect on crater diameter

¢ More data 15 needed for firmer
conclusions

For IC3 accept “no effect” or
“mconsistent effect” for “little
effect™
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Q20.

Q21.

Question . » . .
Number Acceptable answers Additional guidance Mark
*  Use of energy conservation (1) | Example of calculation: (3)
1
— 2 i 2
¢  Substitution of vV =g (1) o T top +mgh 7 MV bottom
g(ms?)r(m) + 2g(ms2)0.30(m)
*  Piotem =27 ms’ (1) = v¥(ms1)?
v? =0.75g
v =271lms
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Question Additional
Number Acceptable Answer Guidance Mark
(a) An explanation that makes

reference to the following:

air molecules make
collisions with the
puck and transfer
momentum to the
puck

according to
Newton's 2nd law
the change of
momentum creates
a force on the puck

the rate of change of
momentum by air
molecules colliding
with bottom of puck
is greater than that
due to the collisions
on the top of the
puck

the net (upward)
force halances the
weight of the puck
OR the greater air
pressure below the
puck allows the puck
to be supported.

(1)

(1)

(1)

(1)

(4)
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Question
Number

Acceptable Answer

Additional Guidance

Mark

*  (b)

This question assesses a student’s
ability to show a coherent and
logically structured answer with
linkages and fully-sustained
reasoning.

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 he awarded for
indicative

content.

Number of | Number of
indicative marks
marking awarded for
points indicative
seen in marking
answer points

© 4

Guidance on how the
mark scheme should be
applied: The mark for
indicative content should
be added to the mark for
lines of reasoning. For
example, an answer with
five indicative marking
points which is partially
structured with some
linkages and lines of
reasoning scores 4 marks
(3 marks for indicative
content and 1 mark for
partial structure and
some linkages and lines
of reasoning). If there
are no linkages between
points, the same five
indicative marking points
would yield an overall
score of 3 marks (3
marks for indicative
content and no marks for
linkages).
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5-4 3
3-2 2
1 1
0 0

The following table shows how the
marks should he awarded for
structure and lines of reasoning.

Number of
marks awarded
for structure of
answer and
sustained line
of reasoning

Answer shows a
coherent and
logical structure
with linkages and
fully sustained
lines of reasoning
demonstrated
throughout

partially

Answer is

structured with
some linkages
and lines of
reasoning

linkages

and is

Answer has no
between points 0

unstructured

*

Indicative content:

applying Newton’s 3™ law one puck
(A) exerts a force on the other puck
(B) and vice versa

forces equal in magnitude and
opposite and direction

forces act for same time
Fiita = - Fite

applying Newton's 2™ law FAt = Ap
since F is a resultant force on each
puck

total change in momentum = zero,
so momentum is conserved

QR Ap for one puck = -Ap for the
other puck, so momentum is
conserved

(6)
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Question

Acceptable Answer Additional Guidance Mark
Number
(c)(i) resolve velocities to (1) | Example of calculation:
find forward/sideways Forwards velocity components:
component vcos30° = 0.866 v; 2cos60° =1ms™
dm=m=0866v+m=1
apply principle of (1) B 4
conservation of v=m=3_46m54
momentum 0.866
v =346 ms!? (1) (3)
c)(ii 1 1) | Example of calculation:
(c)(i) Luse KE:;mv‘ (1) [i
- KEfz—n:xil::Bm
show that final KE (1) 2
i initi 1 1 , 1 9
is equal to initial KE, =tmx3.46" + L mx 2’
KE 2 2
=om+2m=8m
elastic collisions (1)
conserve KE, so
collision is elastic (3)
Q22.
§. o2 Acceptable answers Additional guidance | Mark
Number
The only correct answer is B 1
A is not correct because this is not
dimensionally correct
C' is not correct because Ex f(2p = Uqu
D) is not correct because this is not dimensionally
correct
Q23.
Question | Answer Mark
Number
A 1

Q24.
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Question

Acceptable answers

Additional guidance Mark

Number
(i) (1) Example of calculation:
*  Useof momenfum =mv 7.1(g)u = 7.1(g) x 0.9(ms™) x cos 8
St
*  See component(s) in x direction @ +3.6(g) x 1.4(ms™)
®xcosl0
»  Uses momenfum conservation 1) . (6.33 +4.96)
. a 7.1
* u=Ll6(ms7) 1) | u=159ms"* 4
Question . . .
Number Acceptable answers Addirional guidance Mark
(i . (1 Allow ecf from b(i
) * Use of Ey= % mv- ) )
- ol B = 006107 M @
Value :;‘;.m tial By =9.0<10% () Example of calculation:
Final Ex=6.4x107% () Initial Ex =& =7.1x10%(kg)* 1.50%ms"
. R 1y =00x10% ]
(Show that va_ll.m gives Initial Final Ep= % x7.1x10% x 0.0 + %
Ex= 1421 10~ I:_T) allow ecf %3 61070 %1 42=64=107 T
from (b)(1))
Q25.
Question Acceptable Answers Additional Gudance Mark
Number
¢ Useof Vamw=- GM¥ Example of calculation
Or Use of Ep=- GMm/rwith (1) | AV=6.67 x 107" Nm® kg™ = 3.30
an assumed mass % 107 kg (1/2.43 = 10°m— 1/1.743
x 107 m) =7.795 = 10° T kg™!
*  Subtraction of potential at Vamvt=T7.795 x 10° T kg™ = m B

surface from potential at

orbital height (1)
Or Subtraction of potential

energy at surface from

potential energy at orbital

height

¢ Use of difference in potential = 1)
Exim =17
Or Use of difference in
potential energy = Ex = % mm”

o v=3048ms! (1)

Assume 1 kg
v=3948 ms’
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Mark Scheme

Ql.
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Question Acceptable answers Additional guidance Mark
number
(i) Recognise that for passenger to Example of calculation-
remain in their seat normal reaction e
Rz0(1) ——=mg
or centripetal force >= weight (1) . .
Equate centripetal force and weight V= 1}% = Jgjﬂl x9.8lms™ =9.13ms”
(for R=0) (1)
v=91ms! (1) 3
(ii) Equate decrease in gravitational potential Example of calculation:
energy to increase in kinetic energy at top of mgh = 1 o
loop (1) 2
e Adds this to 17.0 (1) . L
e Ah=213m (1) po¥ _OBmsT] oo
2g 2x98lms™
3
AR=17+43=213m
Q2.
Question . o : :
Acceptable Answer Additional guidance Mark
Number
(a) attempts to find area (1) | Example of calculation:
under second peak = ;L* 42ms!x(12-070)s = 1.0 mM
OR use of a suitable
equation of motion
OR equate E =
~mv® and AE = mgAh
height = 0.9-1.0m (1)

(2)
slleiil Acceptable Answer Additional guidance Mark
Number

(b) use of AE = mghh (1) | Example of calculation:
OR use of E = Zmv? E = 0.060 kg x 9.81m 52
(1) x (2.0 — 1.0)m
AE =0.59 ] E =059 ]

(2)
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Question
Number

Acceptable Answer

Additional guidance

Mark

(<)

EITHER
¢ finds gradient of
middle section

e use of F=ma
e F=04N

OR

e reads two
corresponding pairs of
v and t from middle
section of graph

m{r—u)

e Use of F=
At

e F=04N

(1)

(1)
(1)

(1)

(1)
(1)

Example of calculation:

_ (63+42)ms”
(0.74-0.64) s

1
X 0.060 kg = 64 N

(3)

Question
Number

Acceptable Answer

Additional guidance

Mark

(d)

Initial free-fall

e gradient of both (1)
graphs is the same

Bounce section

o the gradient of the (1)
soft ball graph is
less

Second free-fall

e gradient of the (1)
soft ball graph is
the same as the
first graph
OR the gradient is
the same as in the
initial free-fall

Accept the first line is the same

Accept time for the bounce is longer

(3)

Q3.
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Question Acceptable answers Additional guidance Mark
number
(i) Use of Y2 mv? = mgh (1) Example of calculation:
v=243ms" (1) v=\2gh=12x 981 x 030=243 m s )
(i) Use of impulse = change in Example of calculation:
momentum (1) Ft=mv—muwhere u=10
Recognises initial velocity 1s SoF=(0019kg =243 ms1)/005s=0923N
zero (1) - I=nx0.048m=0151m
Hence FF=0923 N (1) I=0923 N/(0.032 T x 0.151 m) = 191 A
Use of [ = nd (1)
Equates calculated value of F
with BII (1) 6
Hence I=191 A (1)
Q4.
Questlol? Acceptable Answer Additional guidance Mark
Number
(a) Example of calculation:
e useofT=2= (1)
w 2m
w -
e 1.7x10% rad st (1) (60 x 60) s
or — rad s
1800 (2)
Questlol? Acceptable Answer Additional guidance Mark
Number
(b) e recognises (1) | Example of calculation:
weight acts
halfway W =0014kg x9.81 Nkg !
along hand % (2 % 0.04s5in6" m)
e uses (1) | W=11x10"3]
correct
angle
between
the two
positions
¢ determines (1)
change in
vertical height
(= 0.008 m)
e use of AE = (1)
mgAh
¢ work done (1)
(5)

= 1.1 (mJ)
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uestion " .
?\Iumber Acceptable Answer Additional guidance Mark
(<) e useof P=VI (1) | Example of calculation:
" P=15Vx80x107°A=12x10"W
e useofP =— (1) 1.1x107%]
_ t= = 141
AND 65% 065%x12x 105 W s
e t=141s (1)
(3)
Q5.
Question | Acceptable Answer Additional Guidance Mark

* Useof E .y = mgdh

¢ Useof Ex = %mv:
for block and projectile

¢ Useofp =mv

* Use of conservation
of momentum

* Useof B, = imu:

for projectile

o AE=4907]

(D

MP1: Use of suvat equation to calculate u

1
(N 2

Or use of E,,,, = mgAh
ey

Example of calculation

Egrav = (2.4 +0.065)kg X 9.81ms > X
0.55m = 13.3 | {of block and projectile)

(1)

1
1) [133]= e (2.4 + 0.065)kg x v*

13.3]

W\, , -
_\"0.5 X 2.465 kg

=328ms !

0.065kg Xu=2465kg Xx3.28ms!
_ 810kgm s71

=1246ms
0.065 kg

1
Ex =5 X 0.065kg % (125ms~1)% = 504]

~ AE = (504 —13.3)] = 491]

MP2: Use of E, ==muv* for block and projectile

Q6.
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Question | Acceptable answers Additional guidance Mark
Number
o  Use of AEam= mghh (1) | (allow reverse argument starting ]
with 10% efficiency for full credit)
s convert for a unit time, e.g. day (1) | Example of calculation:
or second 18 W AE, ,, =2500x981x12
. _ AE_ . =294k] per minute
¢ (alculation of energy mput (1 =
provided by coal in unit time AE, ., =294k] x 60> 24
_ AE ., =424MIperday
* Use of Efficiency = energy | energy input = 1250 x 223 MJ
output/energy nput
Or in terms of power Efficiency = 424 MJ/ 27900 MT
= 1.5%
* Efficiency = 1.5 % so not (1) 1.5%
correct
Q7.
Question Acceptable answers Additional guidance Mark
Number
Max 2 2
¢ normal car would have much more mass (1)
¢ too much area of solar cell needed (1)
so mpractical
e poing uphill would need far more power 1)
Q8.
Question Acceptable answer Additional guid Mark
Number ACCeptable answers x onal guidance L r
C 1
mgh

A uses the distance AB rather than height
B uses a component of height
D uses a component of height
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QO.

Q1lo0.

Ol]l?sl‘ll)]ll Acceptable answers Addirional guidance Mark
Number

The curved surface 15 (analogous

to) a radial field (1)

(as h o I,fr then) potential (energy) )

o« 1,

compares with V' o 'l,fr around a

point charge (1) P
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Question

Number Acceptable Answer Additional Guidance Mark
This question assesses a student’s ability to
) Number of
show a coherent and logically structured answer —
with linkages and fully sustained reasoning. awarded for
Marks are awarded for indicative confent and structure of
for how the answer is structured and shows answer and
. . sustamed
lines of reasoning. line of
The table shows how the marks should be reasoning
awarded for indicative content and lines of Answer shows a
. coherent and logical
feasoning. strocture with linkage
Max M and fully sustained 2
IC | IC | Hnkage | % lines of reasoning
points | mark | mark ma?l: demonstrated
available throughout
1] 4 2 o Answer is partially
5 3 2 A structured with some 1
4 3 1 4 linkages and lines of
3 3 1 3 reasoning
5 = = Answer has no linkages
- < 0 - between its points and 0
1 1 0 1 is nnstroctured
0 0 0 L]
Indicative content:
¢ The table shows that increasing the
drop height does increase the crater
diameter
¢ Increasing the drop height increases
the impact velocity/Ey
¢ Because there 1s a greater
acceleration tume
Or because there 1s a greater
= For IC3 accept reference to an
transfer of GPE to KE appropriate ?{’lmon
¢ The table does not show that 6

mcreasing the sphere diameter
{(always) mncreases the crater
diameter

¢ For smaller spheres (from 2 to 4
cm), increasing sphere diameter
does increase crater diameter Or for
bigger spheres (from 4 to 6 cm),
increasing the sphere diameter has
little effect on crater diameter

¢ More data 1s needed for firmer
conclusions

For IC5 accept “no effect” or
“inconsistent effect” for “little

effect”
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Mark Scheme

Ql.
Question .. .
Acceptable answers Additional guidance Mark
number
(i Recognise that for passenger to Example of calculation-
remain in their seat normal reaction e
R=0(D) —r =mg
or centripetal force == weight (1) . .
Equate centripetal force and weight V= 1}% = JS.Sm x9.8lms™ =9.13ms"
(for R=0) (1)
v=91ms! (1) 3
(ii) Equate decrease in gravitational potential Example of calculation:
energy to increase in kinetic energy at top of mgh — 1 o
loop (1) 2
¢ Adds this to 17.0 (1) 7 [ 4 ]
e AR=213m (1) p=X JOBmST) 5w
2g 2x98Ims™"
3
Ah=174+43=213m

Q2.
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Question
number

Acceptable answers

Additional guidance

Mark

(i) o Use of ¥ m? = mgh (1)
o v=243msl (D)

Example of calculation:

v=4/2gh=2%9.81x030=243m s’

(ii) *  Use of impulse = change in
momentum (1)

* Recognises imitial velocity 1s
zero (1)

* Hence F=0923N (1)

¢ Useof!/=nd(l)
Equates calculated value of F
with BII (1)

¢ Hencel=191A()

Example of calculation:
Ft=mv—muwhere u=10
SoF=(0019kg x243ms)/005s=0923 N
I=n=0048 m=0.151m
I=0923N/(0.032T=0151m)=191 A

Q3.

Question
Number

Acceptable Answer

Additional Guidance

Mark

* There 1s no way to insulate the
chicken from the surroundings
Or there will be energy
transfer if there 15 a
temperature difference with
the surroundings Or there will
be energy transfer unless the
chicken is in thermal
equilibrium with the
surroundings Or energy will
be transferred to the
surroundings between slaps
Or 1t would take a long time
for 8000 slaps so there will be
energy transfer o

* So the assumption 1s unrealistic
(dependent mark) (1)

MP1: accept lag

Q4.

Question
Number

Acceptable answers

Additional guidance

Mark

mgh

A uses the distance AB rather than height
B uses a component of height
D uses a component of height
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Q5.

Q6.

Q7.

?quesmn Acceptable Answer Additional Guidance Mark
Number
() e (Use the stopwatch to) time MPI1: At least 5
a large number of (1) | oscillations required
oscillations to determine
the time period 2
e Calculate the frequency (1)
using f = %
(ii) e (Use the metre rule to)
measure the max (1) MP?- allow £
displacement of the -4 22“ use o
platform (from the Vinax = 7 ¥max 2
equilibrium position)
¢ Calculate the maximum (1)
speed using vy =
2n f-"-max
gtz?:: Acceptable Answer Additional Guidance Mark
Total energy is constant, but
kinetic energy decreases Or
reference to an inelastic
collision 1
Projectile does work on block
Or internal energy of block @ 2
INCreases
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(13.-?;:2::-] Acceptable Answer Additional Guidance Mark
§¥) An explanation that makes
reference to the following:
¢ To bring tubing up to 1) ,
temperature (of steam) -
* So steam only condenses
m the cup @
Or steam doesn’t
condense m the tubing
(ii) ¢ Thermal energy will be (1) Accept:
transferred from the e Thermal energy 15
steam/tubing to the transferred to the cup/ 2
surroundings probe
* Laggmg/msulating/shorte (1) ¢ These should have a
ning the tubing small a heat capacity
Q8.
E-::::: Acceptable Answer Additional Guidance Mark
(i) ¢ Change in temperature and (1) | Example of calculation:
L A8 (36-16)K
corresponding time —=———=0.04Ks!
At (500-0)s
¢ Useof P=AF/Afand AE = 375W=0986kg = ¢ x0.04 K57}
eAd () |e=951Tkg'K! 3
o c=930Tkg K (1)
(1) | An explanation that makes reference
to the following points:
* In 240 s the temperature of
the block rose by only 9.6 °C For MP1 accept 9.5°C
Or It took 250 s for the Accept it took 10 s longer
temperature of the block to
nise by 10 °C. (1) | For MP2 accept energy dissipated to 2
the sumroundings
¢ Hence there must have been
energy transfer to the (1)

surroundmgs (by heating)

QO.
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Question
Number

Acceptable answers

Additional guidance

Mark

There i1s (damping due to) air
resistance and this (damping)

force 15 the same for both (since L
they have the same shape, area
and speed mitially)

For large mass the force due to
air resistance produces a smaller
negative acceleration smce a =
Fim

The speed will decrease less for
each swing, so there 1s less effect
on the amplitude

Or It will take longer for the
(maximum) speed to decrease
(to zero) so the pendulum will 1)
oscillate for a longer time

OR

There 1s air resistance and the
force 15 the same for both

The work done by air resistance
per swing is the same for both 1)
masses

Tnitially the larger mass has

greater quantity of energy shared
between 1ts kinetic and potential
energy stores, so the proportion

of KE transferred to the thermal
energy store of the sphere and

the sumroundings 1s less per

swing, so there 1s less effect on

the amplitude

Or Larger mass has greater total
energy so fraction dissipated per
swing 1s smaller so the

pendulum will oscillate for a @)

longer time

1)

1)

OR
There 15 air resistance and this
force 1s the same for both

¢ For both masses the change in
momentum per swing 1s the
same

1)
(1)

¢ The larger mass has greater
initial momentium so 1t will take
longer for the (maximum)
momentum to decrease (to zero)
50 the pendulum will oscillate
for a longer time

(1)
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Q10.

Question
Number

Acceptable answers

Additional guidance

Mark

* Work done (by cyclist) results in a (1)
transfer of energy

« imitially there 1s an increase in Fi of
{(cyclist and bicyele)
Or work done is transferred/converted
to other forms of energy

(1)

* when the velocity of the cyclist 1s (L)
constant, all the energy 1s being
transferred to other forms
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Mark Scheme

Q1.
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Question | Acceptable Additional guidance Mark
Numbher ANSWETS
o Useof AE = mcA@ (1) | Example of caleulation: 6
Use of AE = LAm (1)
Apply 3% to calculate For aluminium when being heated up to m pt.:
energy saved (1) |AE=14x10"3kgx902]kg *K™! x (660 — 293)K
o Useof P=VIiar (1) AE = 4.63 X 103]
Useof O=It For aluminium when melting:
seoty AE =14% 10 % ke X 396 X 10° Jkg™! = 554 x 103
¢ UseofP =¥ or (1)
Useof E =0V
* 2.69 X 10° ] compared
with 1.93 x 10°] (1)
for energy saved.
and concludes claim
mnvalid. 0.95
Or a phone could run Energy saved = —— X (4630 + 5540)]
for 5 days compared 0.05
to 7 days and
conclusion claim invalid
Or 2 phane coud Energy saved = 1.93 X 10° ]
— -3 —
compared to 604 800 s P=37V X120 107" A=0444W
and conclusion claim AE = 0.444 W X 7 X 24 X (60 X 60)s = 2.69 X 10° |
invalid
Q2.
Question ) " .
Number Acceptable answers Additional guidance Mark

(a)

* Replace distance + time by velocity v

Alternative method:

* Replace Work 17" by force » distance (L Consider one revolution of axle . Load

nises 2mr
(1) Work done = 2mF

* Usev=r = Angular velocity Time taken =21+ @
) , 1) Power = Work + time= 2mvF = 21/ to
* Recognise F = r1s the moment of F give reqd eq

(1)
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Question ) v :
Number Acceptable answers Additional suidance Mark
(b)) MP3 dependent on lines being
* Arrow away from + charge perpendicular in MP2
Or arrow towards — charge @
* At least 3 Equpotential lines. 1 3
perpendicular to field lines @ : -
y
* Symmetrical about W /i
verticalhorizontal axis and not 1 X-X
touching/crossing _ i
).
ST Acceptable answers Additional cuidance Mark
Number -
(b)ii) o Example of caleulation:
] = X1 @) 12 (0.1x107°C)*
* Useof F="" 3 F =899x10°Nm?c? L1107 C°
o (0.05m)"
- 3
* F=0036(N) @ | = 0.036N :
Question Acceptable answ Additional guid Mark
Number Acceptable answers ¥ onal guidance Mar
© ] . ﬁ
* Use of moment =Fx (1) | Show that value gives 3.2 » 10~ Nmand 0.64 W
* Expression for correct (1) | Example of calculation:
moment
Moment 4
* Use of power = moment of = 0.036Nx0.04mx2=2.89x10" Nm
force x angular velocity ()
» Only realistic possibility is Power =2.89x 107 Nm = 2005~ = 0.58W
pond pump and P = 0.6W (L
(calculated answer could also
be force and then comparison
with b(1))

Q3.
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S.“Hd“n Acceptable Answer Additional Guidance
Number
o Useof s =2 (1) | Example of calculation:
.2 (u+0)
¢ Use of B, = ~mv? (1) | 325m= 5 ~x175s
¢ UseofP= i—w (1) =220 371 mst
t 1755 4
e P=110W | p
AE, %x-lg.e kgx (3.7 ms=)?
oAt 125s —Lo7w
Q4.
Question Acceptable answers Additional guidance Mark
Number
(i) _ Example of calculation: 3
o Useof AW=FAs (1) In 1 second
and P=W/t W = FAs
4500 W=F x 34ms*
= 1 .
* UseofF=ma @ Force applied by motor=132 N
= -2 1
e a=031ms (1) F—=ma
132 N=420kg % a
a=031ms-’
(i) e Neglect friction forces (1) 1

when it starts from rest

Or Motor/Driving force
independent of speed

Do not accept “force” without a description

Q5.
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Questlol? Acceptable Answer Additional guidance Mark
Number
(a) Example of calculation:
e useofT=2= (1)
w 2m
w e —
e 1.7x10% rad st (1) (60 x 60) s
. , d -1
or 1800 racd s (2)
Questlol? Acceptable Answer Additional guidance Mark
Number
(b) e recognises (1) | Example of calculation:
weight acts
halfway W =0014kg x9.81 Nkg !
along hand % (2 % 0.04s5in6" m)
e uses (1) | W=11x10"3]
correct
angle
between
the two
positions
¢ determines (1)
change in
vertical height
(= 0.008 m)
e use of AE = (1)
mgAh
« work done (1)
= 1.1 (mJ) (5)
Question ) . .
) Acceptable Answer Additional guidance Mark
Number
(c) o« useof P=VI (1) | Example of calculation:
" P=15Vx80x107°A=12x10""W
e useof P== (1) 11x107?] _
AND 65% t=0esxizxi05w  141°
e t=141s (1)
(3)

Q6.
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Question Answer Mark
Number
(a)(i) Use of P=1T7 (1)
Power = 2000 W (1) 2
Example of calculation
Power=125A =230 V=2873 W
(a)(ii) P=FE#% (1)
Energy = 400 000 I (ecf from (1)) (1) 2
Example of calculation
Energy = 2873 W = 140 s =402 500 1T
(a)(ii1) Use of efficiency = useful energy output / total energy mput (1)
= 0.87 or 87% (ecf from (11)) (do not award 1f = 100%) (1) 2
Example of calculation
Efficiency =351 000 T/ 402 500 J= 0287 or 87%
(b) Some energy transferred by heating the kettle / element / wires /
surroundings
Or Some energy transferred as sound (1)
So not all of the (input) energy 1s transferred to (heating) the water
Or so useful energy output 1s less than energy input
Or only the energy heating the water 1s useful
(1) 2
Total for question 3
Q7.
Question | Acceptable answers Additional guidance Mark
Number
¢  Use of A= mghh (1) | (allow reverse argument starting 5
with 10% efficiency for full credit)
¢ convert for a unit time, e.g. day (1) | Example of calculation:
or second 12 W A"E'grm' =2500=9 81=12
. _ AE_ . = 294k] per minute
¢ (alculation of energy mput 1) =
provided by coal i umit time AE,, ., = 294k] x 60 x 24
_ AE ., =424MIperday
* UscofEfficiency=energy (D) | gy input = 1250 x 223 MJ
output/energy mnput
Or in terms of power Efficiency = 424 MJ/ 27900 MT
= 1.5%
¢ Efficiency = 1.5 % so not (1) 1.3%
correct
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Q8.

I:Q;::i:z: Acceptable Answer Additional Guidance Mark
@) Use of P = VI (1) | Example of calculation 2
P=1900 W (1.9 kW) M) | p=230vVx 8.204=1890 W
(a)(ii) ¢  Use of AE = mcAf Example of calculation 3
¢ UseofP =% M | AE = 0.655 kg % 4190 kg 'K *
o At=11250r1135[106 5 or 107 ) X (100 — 22.5)K
sif shc_w that value used] AE =213 X 105 |
ECF from (a)(1) a1
_213x10% o
~T1soow  7°
{}2.‘:::]];‘:: Acceptable Answer Additional Guidance Mark
(h)(i) * After a short time of boiling in 1
the flask, all the apparatus would
be at 100°C.
Or so energy is not being used to (1)
heat up the flask
Or so steam won't condense in
the flask
(b)(ii) , _ 1 Example of calculation 3
o Useof AE =mlL (1) Am _ 95 x 10~ kg
¢ UseofP == @ |ac =7 1255
(1) | =76x10"*kgs™!
o 1IT20W(1.72k AE
(72K C =76x10"*kgs!
At
¥ 226
X 105 kg™!
P=1720]s?
(b)(ii) ¢ Companson of answer to (a)(1) ©-g. rate at Whidl_ thermal COETEY 15 3
h rer to (b)(ii) (1) | supplied to the water in the flask 1s
Wit answer fo (BAR greater than rate at which thermal
+ Not all of the energy from the energy 1s removed from the water
heater 1s used to turm water from in the heat exchanger.
liquid state into vapour (1)
Or energy 1s being used to heat If answer for ( b)(11) 15 bigger
the heat exchanger (1) | than 2 kW.1 mark for correct
Or not all the steam condenses m comparison can be scored.
the heat exchanger
* Some energy is transferred to the
surroundings
Q9.
Question o : E
Acceptable Answer Additional guidance Mark
Number
C mgh
t (1)
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Q10.

%ﬁﬁggp Acceptable answers Additional guidance Mark
(a) o use of W= VIt (1) | Example of calculation:
W=247V x 11.8 A x 172 s
* use of AE = mchf (1) | = 501 000 1]
AE =1.20 kg = 4180 ] kg?
* use of efficiency = (1) | K1 x (101 - 11)
useful power K =451 000 1]
» output / total Efficiency = 451 000 / 501
power input 000 = 0.90
» efficiency = 0.90 (1)
Or 90%
(4)
%ﬁlﬁggp Acceptable answers Additional guidance Mark
(b) * calculates area (1) | Example of calculation:
of sphere of Area =4n x (0.3 m)2 =1.13 m?
radius 30 cm P=10.5 x 103 Wm 2 x 1.13
=1.13 m? m?=1.19 x 102 W
W=1.19 x 102 W x 172 5
o useof I = P/A (1) = 2.01]
e useof W=~Pt (1)
e« W=20] (1)
(4)
%ﬂﬁggp Acceptable answers Additional guidance Mark
(c) An explanation that makes Allow 1 mark if the student

reference to the follow

¢ the quiet boil electri

ing:

C

kettle is more efficient,
but only by 3% which

isn't ‘'much’

s the energy transferred

by sound is very sm

all,

50 it is not the reason

for the difference

candidate’s calculations

(1)

gives a comment that the
uncertainties are too high
(1) | to draw a valid conclusion
without reference to the
data in the question, the

may be awarded one mark

(2)
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Mark Scheme

Q1.

Q2.

e Additional guidance Mark
Number ANSWETS
Use of AE = meAf (1) | Example of calculation: 6

Use of AE = LAm (1)
Apply 5% to calculate

energy saved (1)
Useof P=VIior (1)
Useof O =1t

Useof P = % or (D
Useof E = OV

2.69 X 10° | compared
with 1.93 X 10°] (1)
for energy saved,

and concludes claim
mvalid.

Or a phone could run
for 5 days compared

to 7 days and
conclusion claim mvalid

Or a phone could

run for 433 900 s
compared to 604 800 s

and conclusion claim
mvalid

For alupunium when bemng heated up to m.pt.:

AE =14 x 102 kg x 902 kg 1K x (660 — 293)K
AE = 4.63 X 10°]

For aluminium when melting:

AE =14 %10 3kg X 396 X 10° Jkg ! = 5.54 X 107 ]

0.95 .
Energy saved = mx (4630 + 5540)]

Energy saved = 1.93 X 10° ]
P=37V X120 x 1073 A= 0.444 W
AE = 0.444 W X 7 X 24 X (60 X 60)s = 2.69 X 10°]
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Question

Or 9900 slaps would be needed, so
not enough

Or temperature nise from 8000
slaps 1s 115 K which is less than
required temperature rise of 142

K

220 x 10%]

Number of sl = —= 9910
umber of slaps 222

1
Ex =5 x L75kgx (625ms™)* = 342

AE = 0.65 % 8000 x 34.2] = 1.78 x 105 ]
1.78 x 105] = 0.875 kg x 1770 [ kg~ K™
x (Tf — 296)K
1.78 x 105
. 1"f BT TV ET I T =
155 % 103 JK-!
» 0= (411 —273)K =138 °C

+ 2906 K=411K

MP3: must see a correct value
as part of the conclusion

N Acceptable Answer Additional Guidance Mark
umber
o Useof Egx = mv? (1) | Example of calculation
2
1
Ex =5 % L75kg x (625 ms™)? =34.2]
s Useof AE = mcA@ @
AE = 0.65 x 8000 x 34.2] = 1.78 x 107 ]
AE = 0.875 kg% 1770 J kg 'K~!
+ Use of 8000
) *x (165 — 23)K
Or use of (energy required) / (1) ( ) _
(energy per slap) ~AE =220 10°]
. ® 1
*  Use of 65% with input energy _
Ex 2x175kgx(6.25 -1)32=342
+ Energy from 8000 slaps would be * 8 ( ms~) ]
1.78 = 10° T which iz less than the AE =0.65x34.2]=222]
energy required to raise the _ AE = 0.875 kg x 1770
tJ;:mpeIature to 165 °C (2.20 = 10¢ Jkg~1K~1 x (165 — 23)K
Or final temperature would be 138 = AE =2.20x107] 5
°C, s0 not enough (1

Q3.
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Question Answer Mark
Number
(a)(i) Use of P=1T7 (1)
Power = 2000 W (1) 2
Example of calculation
Power=125A =230 V=2873 W
(a)(ii) P=FE#% (1)
Energy = 400 000 I (ecf from (1)) (1) 2
Example of calculation
Energy = 2873 W = 140 s =402 500 1T
(a)(ii1) Use of efficiency = useful energy output / total energy mput (1)
= 0.87 or 87% (ecf from (11)) (do not award 1f = 100%) (1) 2
Example of calculation
Efficiency =351 000 T/ 402 500 J= 0287 or 87%
(b) Some energy transferred by heating the kettle / element / wires /
surroundings
Or Some energy transferred as sound (1)
So not all of the (input) energy 1s transferred to (heating) the water
Or so useful energy output 1s less than energy input
Or only the energy heating the water 1s useful
(1) 2
Total for question 3
Q4.
Question | Acceptable answers Additional guidance Mark
Number
¢  Use of A= mghh (1) | (allow reverse argument starting 5
with 10% efficiency for full credit)
¢ convert for a unit time, e.g. day (1) | Example of calculation:
or second 12 W A"E'grm' =2500=9 81=12
) ) AE_ . = 294k] per minute
¢ (alculation of energy mput 1) =
provided by coal i umit time AE,, ., = 294k] x 60 x 24
_ AE ., =424MIperday
*  Use of Effictency = energy (@) | energy input = 1250 x 223 MJ
output/energy mnput
Or in terms of power Efficiency = 424 MJ/ 27900 MT
= 1.5%
¢ Efficiency = 1.5 % so not (1) 1.3%
correct
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Q5.

Q6.

%ﬁlﬁggp Acceptable answers Additional guidance Mark
(a) o use of W= VIt (1) | Example of calculation:
W=247V x 11.8 A x 172 s
» use of AE = mcAf (1) | = 501 000 3]
AE =1.20 kg = 4180 1 kg1
» use of efficiency = (1) [ KT x (101 - 11)
useful power K =451 000 ]
¢ output / total Efficiency = 451 000 / 501
power input 000 = 0.90
» efficiency = 0.90 (1)
Or 90%
(4)
%ﬂiﬁ'ggp Acceptable answers Additional guidance Mark
(b) » calculates area (1) | Example of calculation:
of sphere of Area =4n % (0.3 m)2 =1.13 m?
radius 30 cm P=10.5x 10 Wm 2 x 1.13
=1.13 m? m?=1.19 x 102 W
W=1.19 x 102 W x 172 s
e useof I = P/A (1) = 2.01]
o useof W="Pt (1)
« W=20] (1)
(4)
%ﬂﬁggp Acceptable answers Additional guidance Mark
(c) An explanation that makes Allow 1 mark if the student

reference to the following:

+ the quiet boil electric
kettle is more efficient,
but only by 3% which
isn’'t ‘'much’

¢ the energy transferred
by sound is very small,
so it is not the reason
for the difference

candidate’s calculations

(1)

gives a comment that the
uncertainties are too high
(1) | to draw a valid conclusion
without reference to the
data in the question, the

may be awarded one mark

(2)
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Question
Number

Acceptable Answer

Additional Guidance Mark

@

An explanation that makes reference to
the following points:

¢ Radiation 1s absorbed/scattered
passing through the atmosphere. (1)

¢ Radiation 1s reflected from the
top of the atmosphere

¢ Only half of the Earth’s surface
has radiation from the Sun
incident on it at any one mnstant.

()

¢ The mtensity of radiation (1)
{normal to the surface) 1s greater
at the equator than at the poles. )

() ¢ Useof A=4mn/”

¢ Use of efficiency=

o Useofl = E

* % of surface needed 15 0.0003%. so
claim 15 not valid

useful power output

total power input

[Accept reverse calculation to show
power generated by cells over 0.5% of
the Earth would generate 1.06 = 10°
GW]

(1
(I
(I

(D

Example of calculation:

A==
I

__ 1000w
S0 x16awWmz oo

A=4m % (6.4 % 10°m)?
= 5.15 x 10**m?

% needed =

2.44%10°m?
STex ot o X100% = 0.00047 %
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