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%‘1'12'];2: ‘::;:-"E’:lf‘sble LR e Mark
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
_ 3
o Useof P=VIiar (1) AE 4-.63.>< 10%] .
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 a phone could Energy saved = 1.93 X 10°]
run for 433 900 s _ -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 Acceptable answers Additional guidance Mark
Number
Example of calculation 4

Q3.

« TJse ofincrease in thermal

energy of milk =

latent heat energy released
by steam + decrease in
thermal energy of
condensed steam

Use of AQ = mcAf
Use of AQ = LAm
m=0.15kg (130 g)

(1) | =(0.015 kg < 4200 J kg™ K™ x (100 °C - 65.0 °C))
a | +@3> 10° T kg™ x 0.015 kg)

(1) |m=015kg

oy

(FcAF ) min = (McATater + LAM romm

m % 3000 T kg™ K7 x (65.0 °C —4.00 °C)
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Question
Number

Answer

Mark

B — 545+ 838 000

Incorrect Answers:
Cormrect method: mass = energy transfer + latent heat of vaporisation

A —uses energy transfer + latent heat of fusion
C —uses latent heat of fusion + energy transfer
D — uses latent heat of vaporisation + energy transfer

Q4.
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Questio | Answer Mark
n
Number
(a) (When the air 1s heated) the density (of air in) the balloon decreases (1)
So the upthrust is greater than the weight of the balloon (plus occupants) (1) 2
- 1
) Useof p= L 0
V
Use of AE =mecA@ [Af must be a temperature difference] (1)
AE=1.3(5)%10°7T (1) 3
Example of calculation:
m=pV =120kgm™ x7.4x10* m’ =8.88x10" kg
AE =mcA6=8.88x10"kg x1010 Tkg 'K (35-20)K =1.345x10°J
(c)() | Use of pV = NkT [temperature in either K or °C] (1)
p=9.24 x 10* Pa L | 2
Example of caleculation:
Py _T,
n I
273-5)K
p, =(1.01x10° )Pa KQ =9.238x10*Pa
’ (273 +20)K
(c)(ii) | Max 2
Hydrogen/gas behaves as an ideal gas (1)
Mass of hydrogen/gas m balloon stays constant [Accept amount of
hydrogen/gas] (1)
Or number of molecules/atoms/particles of hydrogen/gas in balloon stays
constant (1) 2
Temperature of hydrogen/gas is the same as the temperature of the
surroundings
(c)(iii | (QWC — Work must be clear and organised in a logical manner using
) technical wording where appropriate)
The average/mean kinetic energy of the molecules decreases (1)
Molecules travel slower (on average) Or rate of collisions with walls is less (1)
So rate of change of momentum (during collisions) with walls is less (1) 3
Total for question 17

Q5.
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Question
Number

Answer

Mark

()

s

Use of electrical power equation ¢.g. P = —

R=880

[Use of V=IR and P=VT gains mp1]

Example of calculation

y 2
R =['307V}=3.31Q
6000W

(1)
(1)

(3]

(b)

See 30 K [30 °C] Or 6000 T s

Use of AE = mecA#8 [Do not penalise wrong temperature conversions, but A8

must be a temperature difference]

Am _ 0.048kgs™
At

[accept 0.048 litre s and other volume flow rates with correct units]

Example of calculation

AB=(37.5-7.5)°C=30°C
Am 6000 W

At 42007keg K x 30K

=0.0476kgs™

(1)

(1)

(1)

L

Total for question

Q6.
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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

Q7.
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Question ' ) 2y : y
Number Acceptable answers Additional guidance Mark
s use of AE = mcAb (1) | MP2 Candidates need to calculate either a time. a
o useof P=Eft (1) | final temperature. an energy or a power
* Correct calculation of an
appropriate quantity and (1) | Examples: o
comment consistent with Yes. because r = 30 s, which 1s less than one
their value. nunute
Or Yes. because 1t could reach temperature of
408 °C 1n one minute
Or Yes, because 1t would transfer 156 000 T in
one minute
Or Yes, because the power required 1s 1.3 KW
Example of calculation
AE=089kg = 450 Tke' K' = (215 °C - 18 °C)
=789007
t=78900J+2600 W=30s
3
Q8.
Q_uestu:-n Acceptable answers Additional guidance Mark
Number
¢ Use of AQ = mcAf (1) | Example of calculation
e ... for corect temperature 0.180 kg = 4200 T kg™ K" = (82°C - &)
differences (1) |=0068kg=3000 kg K= (8:-2.7°C)
» Final temperature is 61.4 °C which G=61.4°C
is above range L
Answers making comparisons based on
equivalent Physics may be awarded MP3
e.g. 16 600 J must be transferred from
coffee to reach 60°C but required energy
transfer to milk is only 15 200 7] 3

Q9.
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Q10.

g:i;?;g: Acceptable Answer Additional Guidance Mark
@)a) Use of P = VI (1) | Example of calculation 2
P=1300 W(1.9KW) D | p=230vx820a=1890 W
(a)(ii) e Use of AE = mcAd Example of calculation 3
¢ UseofP =% @ | Ar = 0.655 kg X 4190 J kg *K™?
o At=112s50r113s[106s or 107 (0 X (100 — 22.5)K
s 1f show that value used] AE =213 X 10°]
ECF from (a)(1) (0
_213x10%) o,
1890w o7
‘%:i:]]:: Acceptable Answer Additional Guidance Mark
(b)(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 95107 kg
* Useofp=2 @ |74 77 1255
(1) | =7.6x10"*kgs™*
e 1720W(1.72k AE
( W) — =76xX10"%*kgs!
At
® 2.26
W% lGEJ kg—:l
P=1720]s!
(b)(iii) ¢ Comparison of answer to (a)(1) E'I"g" rate at Wh"dl_ mm FOETEY 15 3
with answer to (b)(ii) (1) | supplied to the water m the flask 1s
greater than rate at whach thermal
* Not all of the energy from the energy 1s removed from the water
heater 1s used to tum water from i the heat exchanger.
liquad state into vapour (1)
Or energy 1s being used to heat If answer for ( b){u) 1s bigger
the heat exchanger (1) | than 2 KW.1 mark for correct
Or not all the steam condenses in comparison can be scored.
the heat exchanger
* Some energy 1s transferred to the
surroundings
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Question Answer Mark
Number
(a) Idea that internal energy is the sum of
(Total) kinetic energy and potential energy (1)
of molecules/atoms 1) 2
(b)) Use of AE = mcA@ (1)
AE =8100 (T) (1) 2
Example of calculation:
AE =mcAB =175x107 kg% 4200Tkg ™ K™ (85— 74K = 80907
(b)(ii) | Use of AE value from (1) in AE = mc A8 (1)
m=0.030 kg (1)
(1) 3

No energy transferred to surroundings Or all energy transferred from tea
used to heat mmlk

Example of calculation:

AE = mcA6&
81007 = m=3900Tkg " K™ x(74-45)K
81007

m= — =0.0299kg
3900Tkg” K™ x69.5K

Tuotal for gquestion

Q11.
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Example of calculation

AE= 70000 kg % 3920 [ kg™ K™ x 11K = 3.07 % 107]

. ) useful power output 22x10°W
%o efficiency = I P

. = 5 x100=41.5%
total power mput (1.2 +3.1)x10°W

Question | Answer Mark
Number
(@) 17
N+ a— ;O+p

All values correct O :
(a)(ii) In nuclear fission a chain reaction can be setup

Or in a chain reaction the (total) energy released can be very large

Or heavier/larger nuclei release much more energy

Or a very high reaction rate releases much more energy 1) 1
(h) Attempt at mass deficit calculation 1)

Use of AE = ¢ Am N (Allowuse of 1 u=1.66x 107’ 1kg} 1)

Useof I MeV=16=10""17 (Allow use of 1Tu=1931.5 MeV/c) 1)

AE =174 MeV (1) 4

Example of calculation

Am = (390.29980 — 233.99404 —152.64708 — (2x 1.67493)) x lﬂ_z?kg

Am =3.0891x10 % kg

AE = (3.00x10°ms)? x3.0891x10 ® kg = 2.780x107'J

2.780x107J
= = — =173.8MeV
1.60x10 ~ITMeV

(c)(i) Same number of protons [do not accept atomic/proton number], (04]

Different numbers of neutrons [do not accept mass/nucleon/neutron number] (1 2
(c)iii) Correct calculation for o [see 6283 or 20007 or 60 000 x 21 ] (1)

60
a=(-)59x10°ms” (1) 2
Example of calculation
60000 % 21 | 5 p
= 7] x15x107 m=592x10°ms™
60s

(0)(ii) | Max 2

Stiffistiffness 1)

Strong/strength (1)

Low density (1) 2
(d) Use of AE = mcAB (1)

Rate at which energy is removed = 3.1 x 10° (W) 1)

Use of the efficiency equation [must have 2.2 x 10° (W) on top line] 1)

Efficiency = 42% [accept 0.42] 1) 4

Q12.
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Q13.

%"ﬁﬁggp Acceptable answers Additional guidance Mark
(a) o use of W= VIt (1) | Example of calculation:
W=247V =x 11.8A x 172 s
s use of AE = mchf (1) | =501 000 1]
AFE =1.20 kg = 4180 ] kgt
* use of efficiency = (1) | K1 x (101 - 11)
useful power K =451 0001
» output / total Efficiency = 451 000 / 501
power input 000 = 0.90
+ efficiency = 0.90 (1)
Or 90%
(4)
%Llljerﬁggp Acceptable answers Additional guidance Mark
(b) * calculates area (1) | Example of calculation:
of sphere of Area = 4n x (0.3 m)? = 1.13 m?
radius 30 cm P=10.5%x103Wm 2 x 1.13
=1.13 m? m?=1.19 x 102 W
W=1.19 x 10°W x 172 s
» useof I =P/A (1) | = 2.0]
» useof W="Pt (1)
s W=20] (1)
(4)
%Lijerﬁggp Acceptable answers Additional guidance Mark
(c) An explanation that makes Allow 1 mark if the student

reference to the following:

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

+ the energy transferred
by sound is very small,
50 it is not the reason
for the difference

gives a comment that the
uncertainties are too high
(1) | to draw a valid conclusion
without reference to the
data in the question, the
candidate’s calculations
may be awarded one mark

(1)

(2)
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Question
Number

Acceptable Answer Additional Guidance

Mark

(1)

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 in the tubing

(1)

I

(ii)

¢ Thermal energy will be (1) Accept:
transferred from the e Thermal energy 15

steam/tubing to the transferred to the cup/

surroundings probe
* Laggmg/msulating/shorte (1) ¢ These should have a
ning the tubing small a heat capacity

I

Q14.

Question
Number

Answer

Mark

(a)

The water molecules will have a greater average K E.
Or the water will be hotter
Or less energy transferred to teapot

1)

(b)(3)

Use of AE = mcAf
AE=1500017

Example of calculation:
AE =meAB=0.26kg x 4200 Tke—' K" x (95-81) K =15300]

0]
(1

() (1)

Assumption: no heat 15 lost to the surroundings Or all energy goes to the teapot
Use of AE value from (1) in AE = mcA8
c=600 (T ke K™

Example of calculation:
AE 153007

€= = =603 Jkg " K™
mA8 043kgx(81-22)K

(1)
(1)
(1)

(o) (i)

{The calculated value for the specific heat capacity has been overestumated) because

energy 1s transferred to the surroundings (by heating)
so the energy gained by the teapot has been overestimated

1)
@

(=]

Total for gquestion

Q15.
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Question

Number 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
o Useof P=AE/Arand AE = 375 W=098kg = c x0.04 Ks!
meAd (1) [e=951Tkg 'K 3
e ¢=950Jkg K (1)
(1) | An explanation that makes reference
to the following points:
e In 240 5 the temperature of
the block rose by only 9.6 °C For MP1 accept 9.5°C
Or It took 230 s for the Accept 1t took 10 s longer
temperature of the block to
rise by 10°C. (1) [ For MP2 accept energy dissipated to 2
the sumroundings
¢ Hence there must have been
energy transfer to the (1)

surroundings (by heating)
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Mark Scheme

Q1.


https://stemup.co.uk

Question
Number

Acceptable answers

Additional
guidance

Mark

(i)

An answer that makes
reference to the
following:

¢ hecause the helium (1)
atoms are moving,
there is a change in
frequency/
wavelength of the

e

e for particles (1)

moving away from

the observer there

will be an decrease

in frequency and

for particles

moving towards

the observer there

will be an increase

in frequency

OR

for particles (1)
moving away from

the observer there

will be an increase

in wavelength and

for particles

moving towards
the observer there

will be an decrease
in wavelength

mitted light

(2)

Question
Number

Acceptable answers

Additional guidance Mark

(i)(1)

e use of v/c = AMA

e v=1530 ms!

Example of calculation:
v/ 3 x 108 mstl=

3 x 1072 nm /587 nm
v =1530 m st

(2)

Question
Number

Acceptable answers

Additional guidance

Mark

(ii)(2) |-

mass of helium atom = 4u
use of ¥am <c2> = 3/2 kT

I=375K

Example of calculation:

Mass of He atom = 4 x 1.66 =
1077 kg = 6.64 x 1027 kg

V2 6.64 x 10237 kg x (1530 m s1)2
=3/2x1.38x 103 ]1K1xT
T=375K

(3)
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Q2.

Question | Answer Mark
Number
B 1
Q3.
Question Answer Mark
Number
(a) Idea that internal energy is the sum of
(Total) kinetic energy and potential energy (1)
of molecules/atoms (1) 2
(b)(i) Use of AE = mcA@ (1)
AE=8100 (T) (1) 2
Example of calculation:
AE =mcAB =175x107 kg% 4200T kg™ K™ (85— 74K = 80907
(b)(ii) | Use of AE value from (1) in AE = mecAf (1)
m=0.030 kg (1)
. - ) (1) 3
No energy transferred to surroundings Or all energy transferred from tea
used to heat mmlk
Example of calculation:
AE =mcAfd
81007 = m=3900Tkg " K™ x(74-45)K
81007
m= — =0.0299kg
3900Tkg” K™ x69.5K
Tuotal for question 7
Q4.
Question | Answer Mark
Number
D 1
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Mark Scheme
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Q1.

Q2.

s S Acceptable answers Additional gmidance Mark
Number
. Useof V = (5)3 1 Example of calculation: 4
3 2
* UseofpV =NIT (D1, _ E«n[ﬂ.ﬁﬁ:ﬁl\ m)® = 2.14 X 1073 m®
¢ Conversion of (1) 3
temperature to kelvin N 1.25Pax 2.14 X 10 m®
f 17 138X 1002 NmK™1 x (273 + 25)K
* V=635x10 @ = 6.50 x 107
gﬁ::: Acceptable Answer Additional Guidance Mark
(1) An explanation that makes reference to
the following points:
¢ The intercept represents the )
temperature of the air at which the
volume occupied would be zero )
¢  Thus is the absolute zero (of
femperature)
_ (1) | For MP3 accept atoms/molecules 3
. Ab';.culure zero 1s the lowest stop moving
attainable temperature
Or absolute zero is the
temperature at which the
atoms/molecules of the gas have
zero kinetic energy
(ii) MAX 4
Resolution:
* [t 1s correct that uncertainties
would be reduced by using high (1)
resolution mstruments
* But the instruments are not high (1)
resolution
¢ There could be a systematic error (1)
(1n the measurements)
Graph:
¢ The points do not lie on a perfect
straight line 4
Or the true relationship may not (1)
linear
¢ Temperature intercept may not be (1)
accurate
Or there may be extrapolation
E1TOrS
* More points are needed Or a (1)
wider range is needed
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Q3.

Question
Number

Acceptable answers

Additional
guidance

Mark

(i)

An answer that makes
reference to the
following:

* because the helium
atoms are moving,
there is a change in
frequency/
wavelength of the
emitted light

» for particles
moving away from
the observer there
will be an decrease
in frequency and
for particles
moving towards
the observer there
will be an increase
in frequency

OR
for particles
moving away from
the observer there
will be an increase
in wavelength and
for particles

moving towards
the observer there

will be an decrease
in wavelength

(1)

(1)

(1)

(2)

Question
Number

Acceptable answers

Additional guidance

Mark

(i)(1)

use of v/c = ANA

v =1530 ms?

Example of calculation:

v/ 3 x 108 msl=
3 x 102 nm /587 nm
v =1530 m st

(2)

Question
Number

Acceptable answers

Additional guidance

Mark

(ii)(2) |-

mass of helium atom = 4u
use of ¥am <c2> = 3/2 kT

T=375K

Example of calculation:
Mass of He atom = 4 x 1.66 x

1027 kg = 6.64 x 1027 kg

Y2 6.04 = 1027 kg x (1530 m s1)2
=3/2x 138 x 1023 1K1xT
T=375K

(3)



https://stemup.co.uk

Q4.

Question | Answer Mark
Number
B 1
Q5.
Quuestion | Answer Mark
Number
(a) Pressure (of gas) 1)
Amount of gas
Or mass of gas
Or number of moles / molecules / atoms (08] 2
(b) Extending/extrapolating the line backwards 1)
The volume occupied by a gas will be zero at a particular temperature 1)
Or
The graphs for different gases 1)
All cut the x axis at the same temp (04] p)

Q6.
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(1%1111:;:;2:.1 Acceptable answers Additional guidance Mark
(i) ¢ Calculate no of nuclei (1) | Example of calculation N
o Useofln2=¢%xi @ *’*‘Tgﬂélj ;{}1_9 *g/230 g) x 6.02 x 107
—IN @O (T -
¢ Useofd =4 @) |Ax(75400%3.15x 107 s=In2
¢ 4=397x10°Bqg) 4=292x 10781
A=292 %1075 71 % 1.36 = 10V 4
A4=397x10°Bg
(ii) o Calculates decays in one Example of calculation
vear ;fo, :thm (a) . .
(ecf from (b)(@)) @) | 5oy moneyear=37x 1075~
o Useof pV’ =Nkl @1 2195 1o
o uses [=205K 1 1.00 x“lﬂiP_a x F=125=10" =138 4
o F=500x10"m’ {]) =10 TR = EgbK
F=500= 107" m’
(iii) Use of Yam <c>=3/2 kT Example of calculation
r_ L -2 Yaom =ct==3/2kT
D]'USEDfpir'=;N]‘n*-,f = a ;:X(4><166;<10"7k)>< 2 _3p
) - . 66 ~kg) ® <c>=3/2
(allow e_cf for N, I from (b)(ii)) «138 % 10E TKI x 205K
meesm <=1 840 000 m? s
Ver==1360ms™ 1) Mk = 1360 m 57!
3
(1) Accept the use of proton/neutron mass
instead of u
Q7.
Question | Answer Mark
Number
B 1
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