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Mark Scheme

Q1.

Question
Number

Acceptable answers

Additional guidance

Mark

An explanation that makes reference to the following points:

¢ The fractional change 1n wavelength 1s proportional to the

relative velocity of the source

¢ Hence the change in wavelength 1s proportional to the
wavelength

OR

AA
A
Or S =z and z 1s constant

¢ change in wavelength 1s proportional to the
wavelength
Or rearranges, e.g. Ad = x4 to demonstrate
Al is proportional to A

(1)

(1)

(A
= and v and ¢ are the same for all wavelengths

(1)

(1)
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Q2.

Question | Answer Mark
Number
(a) photon absorbed by electron (1)
electron moves to higher energy level Or electron excited (1)
where photon energy = difference in energy levels (1)
only certain changes/differences possible (1)
between discrete energy levels (1) 5
(b)(3) Useof E=}f (1)
Use of conversion factor to eV (1)
Energy of photon =191 (V) (1)
Identify levels 3.41 (eV) and 1.51 (eV) Or levels 1 and 2 (1) 4
Example of calculation
E=663x10"Tsx46x10"Hz(=3.05x 107" J)
E=663x10""Tsx46x10"Hz=16x10"Ts
=191V
=341eV—1351eV (1.90 V) as the closest match
(b)) | Just-free electrons have zero energy state
Or energy value of level n =015 0 (1)
(Bound) electrons need to gain energy to attain this state
Or electrons need to gain energy to move to a higher level (1) 2
{Accept Because they must gain energy to move up for second mark)
{accept answers in terms of iomisation energy)
(c) Look for corresponding pattern of lines / frequency spacings at different
place m spectrum Or reference to known normal positions (1)
moving away increases observed wavelength / decreases frequency (or the
case for moving towards) (1)
so if shifted to red end then moving away (or blue = towards) Or the greater
the velocity the greater the change in frequency (1) 3
Total for question 14

Q3.
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Question | Answer Mark
Number
(a)* (QWC — Work must be clear and organised in a logical manner using techmical
wording where appropriate)
Electrons/atoms move to higher energy levels / get excited (1)
They then move to lower energy levels (accept ground state) (1)
The energy from the move 1s given out in the form of a photon (1)
The energy levels are discrete Or only certain energy levels are possible (1)
The energy of the photon must be equal to the difference in energy levels
Or }?szg—El (1)
There are only a linuted number of energy differences and only a corresponding
number of frequencies (looking for differences /changes not levels) (1) | 6
(The marks above may be obtamned from a suitably labelled diagram — but the
order of excitation and de-excitation cannot be assumed for two marks just from
the presence of both)
(b) Doppler (accept blue shift) (1)
The wavelength of the radiation 1s decreased / frequencies increases (1)
Star moving towards Earth or vice versa (1) | 3
(c) Light behaves as both particle and wave Or wave-particle duality (1) |1
Total for question 10

Q4.
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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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Q5.

Question | Answer Mark
Number
C 1
Q6.
Question | Answer Mark
Number
D 1
Q7.
Question - . )
Number Acceptable answers Additional guidance Mark
s The frequency/wavelength (of a line in (1)
the spectrum) emitted by the star must
be measured
e Determine the difference between this g;ii;;ﬁiﬁgi;gms of difference
frequency/wavelength and that emitted (1) Ereq11euu:v-—'u:ave1eu oth with average
in the lab < =
frequency/wavelength
s (The Doppler equation 1s used to)
determine the speed of the star
(relative to the Earth) wic = Afffs or v/c (1)
= Al
® (lear indication (stated 1n words or via 4
a formula) that v is
positive/approaching when the
frequency has increased and
negative/receding when 1t has
decreased
Or corresponding statement about 1)
wavelength
Q8.
Question | Answer Mark
Number
A 1
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QO.

Question Answer Mark
Number

(a)(i) Redshaft 1s the (fractional) increase i wavelength received (by an

observer) (1)

Due to source and observer receding (from each other) (1) 2
o6(a)(i) | QWC — Work must be clear and organised in a logical manner using

technical wording where appropriate

Measure frequency/wavelength of light (from the galaxy) (1)

Compare (measured) frequency/wavelength to the frequency/wavelength

for a source on the Earth (1)

States appropriate Doppler formula (consistent with mpl/mp?) and how

it 15 used to calculate velocity (1) 3
(b) (Standard candles are stellar) objects of known luminosity (1) 1
(c) Seev=Hyd and v=4d/t (1)

Therefore t=1/H, (1) 2

(dependent mark)
(d)(1) If density less than critical value, expansion would continue for ever (1)

If density greater than crtical. expansion would stop and universe would

coniract again (1)

If density equals critical value, expansion rate would decrease to zero but

unmiverse would not contract again (1) 3
(d)(iL) The mass of the universe 1s uncertain because of the amount of dark

matter 15 uncertain (1)

The value of the Hubble constant 1s uncertain (1)

Or

The amount of dark matter (in the universe) is uncertain (1)

Since dark matter doesn’t interact via the electromagnetic interaction (1)

Or

The value of the Hubble constant 1s uncertain

Since measurements of distances to distant galaxies are uncertain (1]

(1 2
Total for guestion 13

Q1lo0.
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Question
Number

Answer

Mark

The only correct answer 15 D becaunse there is relative motion
of the objects away from each other so the wavelength 1s increased

by the Doppler effect so the observed frequency 1s decreased

A there 1s relative motion of the obiects towards each other so the wavelength 1s
decreased by the Doppler effect so the observed frequency is increased

B there 1s no relative motion for the objects so there 1s no
observed change in wavelength or frequency

C there 1s relative motion of the objects towards each other so the wavelength 15
decreased by the Doppler effect so the observed frequency is increased
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Mark Scheme

Q1.

Question
Number

Acceptable answers

Additional guidance

Mark

An explanation that makes reference to the following points:

The fractional change in wavelength is proportional to the

relative velocity of the source

Hence the change m wavelength 1s proportional to the

(1)

(1)

(1)

wavelength
OR

Al b

* == and v and ¢ are the same for all wavelengths

Al .

Or <=z and z 1s constant

¢ change in wavelength 1s proportional to the
wavelength

Or rearranges, e.g. Ad = xA to demonstrate
Al is proportional to A

)



https://stemup.co.uk

Q2.

Q3.

Q4.

Question | Acceptahle Additional guidance Mark
Numbher ANSWETS
An explanation that Example of calculation 4
makes reference
to the following
poinis:
¢ Estimate Ao (1) (740 X 1077 — 656 X 1077) v
(above 7 107" m) 6.56 X 10~ m T 3.00x 107 ms!
Al v .
o Use of 2=c with (1)
656 nm as denominator 0.84 x 107’ m g .
v=————"">-—X300X10"ms
¢ v=38%10"ms?! (1 6.56 X107 m
(range 3.4 % 107 m st
T el
042x10"ms7) £v=384x10"ms™}
® (Star 1s) moving away
from the Earth (1)
Or (star 15) receding
E-:j;::: Acceptable Answer Additional Guidance Mark
¢ Gradient of graph determined (1) | Example of calculation:
Gradient=
* v=Hd.sot=1H=Vgadent (1) | (44000-1000) kan S 15x10-®s
. (2.00-0.00)x 1022 km
» 1=47x10"s | : e 10"
R TR T s Rttt 3
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Question
Number

Acceptable Answer

Additional Guidance

Mark

. use ofiTA =Ewiﬂ:1 A=056.2nm
o

* v=9x10"ms’?

» the star 1s moving towards the Earth

(1
@

(I

Example of calculation:

i656.2—656.0)«10"m |
6562 %107 m

=914+10"ms~

ve|

|3.00 10° ms™

Q5.

Question
Number

Acceptable answers

Additional
guidance

Mark

OR

(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

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)
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dlssiin Acceptable answers Additional guidance Mark
Number
(ii)(1) e use of v/c = ANA Example of calculation:
v/ 3 x 108 mst=
e v=1530 mst 3 % 102 nm /587 nm
v =1530 ms?

(2)
dlzsiil Acceptable answers Additional guidance Mark
Number
(ii)(2) |*» mass of helium atom = 4u | Example of calculation:

Mass of He atom = 4 x 1.66 x
e useof Vam <c?> = 3/2 kT (1027 kg = 06.64 x 10-%7 kg
Y2 6.64 x 10277 kg % (1530 m s1)2
T =37/5K =3/2x138x 103 1K1 xT
T=375K (3)
Q6.
Question Answer Mark
Number
(Observed frequency is less. so) source 1s receding (from Earth) (1)
Usec:f'£=£Efl'1'1=i 1
¢ S
v=15%x10°ms™ Orz=50x 10° 1 3
{(mun 2 sf answer required)
Example of calculation:
Af=(4.547 = 10" —4.570x 10"Y Hz = (923 = 10" Hz
2 ' -1 3 12
e cAf _ 30x10°ms xi =10~ Hz —151%10° ms™
f 4.57x10" Hz
Total for guestion 3

Q7.
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Question
Number

Acceptable answers

Addirtional guidance

Mark

The frequency/wavelength (of a line in
the spectrum) emitted by the star must
be measured

Determine the difference between this
frequency/wavelength and that emitted
in the lab

(The Doppler equation is used to)
determine the speed of the star
(relative to the Earth) we = Aflfi or we
= Ailkp

Clear indication (stated in words or via
a formula) that v is
positive/approaching when the
frequency has increased and
negative/receding when it has
decreased

Or corresponding statement about
wavelength

1)

1)

1)

1)

MP2 — accept in terms of difference
between measured
frequency/wavelength with average
frequency/wavelength

Q8.

Question
Number

Acceptable answers

Additional
guidance

Mark

are (1)

universe 1s expanding) (1)

(1

The wavelength change i1s bigger the further away the galaxies

The further away galaxies are the faster they are moving, so all
distant galaxies are moving away from each other (and the

There 15 a large amount of scatter in Hubble's original data set.

The original data set covers a very small range of distances [only
the closest galaxies considered] (1)

Hence, on the basis of the onginal data, the conclusion drawn by
Hubble was quite speculative (1)

QO.
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Question | Answer Mark
Number
(a) Calculate gradient of line (04]
Identify gradient with H Or use of v = Hd for a pomt on the line 1)
Use of t=1/H il . 1)
t=45x 10" s (accept answers in range 4.2 x 10" sto 4.8 x 107 5) (1)
Alternative method:
Pair of d. v values read from the line (18]
Walues chosen from the upper end of the line (04]
Use of t=d/v (1)
t=4.5x 10" s [£0.3 x 10" 5] Y] 4
[t=1.4 x 10" yr [£0.1 x 10" 1]
Example of calculation
: 11000-0)x10°ms™ i
H = gradient = ( ) 53 =22x107%s™
(50-0)x10% m
1 1
I=—=ﬁ=4.ﬁxlﬂljs
H 22x107s
= () QWC — Work must be clear and organised in a logical manner using technical wording
where appropriate
Measure wavelength of light (from the galaxy) 1)
Compare 1t to the wavelength for a source on the Earth (1)
Reference to spectral line or line spectrum (1)
Reference to Doppler effect/shift Or redshift (L
v 15 found from:
fractional change 1 wavelength equals ratio of speed of source to speed of light
AL v
Or see reference to — = — with terms defined
c
LA 5
Or see reference to = = — with terms defined (L) :
c
[accept answers in terms of frequency rather than wavelength)]
*(c) QWC — Work must be clear and organised in a logical manner using technical wording
where appropriate
AMax 3
(Due to the) difficulty in making accurate measurements of distances to galaxies (4]
Hubble constant has a large uncertainty
Or age = 1/H may not be valid as gravity is changing the expansion rate 1)
Because of the existence of dark matter 1)
Walues of the (average) density/mass of the universe have a large uncertainty
[accept not known] (1)
{(Hence) measurements of the critical density of the Universe have a large uncertainty 1))
Dark energy may mean we don't understand gravity as well as we thought we did (so it's
hard to predict how gravity will determine the ultimate fate) (1) 3
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Q10.

Question | Answer Mark
Number
Galaxies are receding (1)
Or galaxies are moving away (from us and from each other)
(1)
The greater the distance the greater the velocity
1| 3
The universe is expanding
Total for question 3
Q1l11.
Question Answer Mark
Number
D- 1
(656.3 —654.9)
x3 x10°ms™!
654.9 ms
Incorrect Answers:
correct method:
change in wavelength . d of liaht
wavelength in laboratory speed of lig
A —uses
wavelength from star _
- ¥ speed of light
wavelength in laboratory
B —uses
wavelength in laboratory i of liaht
¥ speed of 1i
change in wavelength P flig
C —uses
wavelength in laboratory “ d of light
warelength from star speed of ligh
Q1l2.
Q_UES“M Attepr_ah]e Additional guidance Mark
Number answer
C The only correct answer is C because the correct method for a nearby star is
parallax, for a nearby galaxy is standard candle and for a very distant galaxy 1s
red shift
A 1s not correct because only the nearby star method 1s correct
B is not correct because only the nearby galaxy method is correct
D is not correct because none of the methods are correct 1
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Q13.

ti Additional
Question Acceptable answers UONAT | Afark
number guidance
(i) Either
®  When x = Ro, F = GMm/Ro? (1)
o F=GMmRyRy so k =mae?=GMm/R (1)
o  Use of =2 (1)
o T?=dnle?=4n’ Re*’GM
So T = 2mV/(R: /GM) (1)
OR
¢ From graph F=-(g/R.)r (1)
 From which @ =V(g/R,) (1)
o Useof I=2'w (1)
s SoT=2m/(R,/g) Q)
4
Question .. . _
Acceptable answers Additional guidance Mark
numhber
(ii) Either
Centripetal force = mv3/Ro = GMm/Ro? (1)
o d4n? Re¥ T'Ro= GM/RA (1)
o T!=dxle?=4n’ Re*/GM
SoT = 2mV(R: /GM) (1)
OR
¢ mg= mﬁ.«’Rﬂ =m 'Ry (1)
* Sow=vV(g/Ry) (D)
o T=2wle=2mV(Ry/g) (1) 3
Q14.
Cl_uestion Acceptable answers Additional guidance Mark
Number
(i) B _ . Example of calculation , )
* DUse total mass /mass of D 1on 1) |N=50x10" kg/33x 10 kg=15x 10%
z ol -2 7171
- ro p=15%x10" =138 %1077 JK " x
* Useofpl=NiT (1) | 130000 000K /08 m’
s p= 18 % 1(]4 Pa {]) =277 = 1'3'4 Pa 3
(ii) B v 2 \ Example of calculation
* Useof'am<c>=312kT Y% m <c’>=3/2 kT .
Or pV" = 1/3 (Nm=c*=) (ecf for N @ 1% ia(s'j: 107 ke x o =32 138
and p from (i)} 1072 JK™ 13[2: 000 {):DE} K
D) |[=c*>=16x10"m's™
e Ve==13x10mg"! Veet==128 x10°m s 2
(iii) R o ) _ Example of calculation
¢+ Useof Al /A=l to determine Al 1) f_aUB 1.06{4 %10 m=15 % 10°m s/3.00 =
_ : - e 10°ms™
+ Adds shift to original wavelength @ |Al=53x10°m
e 1075x10%m A+2A4=1075%x10"m
1 3
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Q15.

Question Answer Mark
Number

(a)(i) Fedshaft 1s the (fractional) increase m wavelength received (by an

observer) (1)

Due to source and observer receding (from each other) (1) 2
o(a)) | QWC — Work must be clear and organised in a logical manner using

technical wording where appropriate

Measure frequency/wavelength of light (from the galaxy) (1)

Compare (measured) frequency/wavelength to the frequency/wavelength

for a source on the Earth (1)

States appropniate Doppler formula (consistent with mpl/mp2) and how

1t 15 used to calculate velocity (1) 3
(b) (Standard candles are stellar) objects of known luminosity (1) 1
(c) Seev=Hyd and v=d/t (1)

Therefore t=1/H, (1) 2

(dependent mark)
(d)(i) If density less than critical value, expansion would continue for ever (1)

If density greater than critical. expansion would stop and universe would

coniract again (1)

If density equals critical value, expansion rate would decrease to zero but

universe would not contract again (1) 3
(d)(a) The mass of the universe 1s uncertain because of the amount of dark

matter 1s uncertain (1)

The value of the Hubble constant 1s uncertain (1)

Or

The amount of dark matter (1n the universe) 1s uncertain (1)

Since dark matter doesn’t interact via the electromagnetic interaction (1)

Or

The value of the Hubble constant 1s uncertain

Since measurements of distances to distant galaxies are uncertain (1)

(1) 2
Total for guestion 13

Q1l6.
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Question | Answer Mar
Number k
There is a red shift [accept Doppler shift] (1)
The galaxy 1s receding Or the galaxy 1s moving away from us (1) 2
[Do not accept “the universe 1s expanding”]
Total for question 2
Q1l7.
ti Additional
Question Acceptable answers onAt | AMark
number guidance
¢ Force on object = mg (local g) (1)
* Force is proportional to displacement (1)
+ Force acts in the opposite direction to the displacement (1)
¢ Therefore we can say F = -kx, so the condition for SHM 1s met
and the prediction 1s correct (1) 4
Q1ls.
g_ﬂ:;;;z:.l Acceptable answers Addirional guidance Mark

An explanation that makes reference to the

following points: (1)
* Hubble is for cosmological 1)
distances
*« is 0ot suitable since S2 is in our
galaxy L

+ frigonometrical parallax is suitable
for local stars because the parallax
angles produced are large enough to
measure accurately

e.g. to distant galaxies

Q19.
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Question
Number

Answer

Mark

(2)(@)

(A standard candle 1s) an object of known luminosity

(1

(a)(ii)

Flux/brightness/intensity of standard candle 1s measured
Inverse square law used (to calculate distance to standard candle)

[Reference to measurement of apparent magnitude of star, m. and distance
calculated using m — M = Slog(d/10 pe) can score 2 marks]

(1)
(1

(b)(@)

An increase in the wavelength (of radiation) received from a receding source

[accept in terms of a decrease in the frequency]

1)

()(i)

Useof z =vweandv =Hyd [z =Hpd/c]
d=1.7x10"m

Example of calculation:

v=zc=0.12 x 3,105 m a_1=3.6 -I{J? m 3'1
d=vH=36x10"ms21x10%s1=171x10"m

(1)
(1)

*(c)

(QWC — Work must be clear and organised in a logical manner using
technical wording where appropriate)

Max 3

Dark matter has mass but does not emit e-m radiation [accept light]

(Dark matter proposed when) observations of galaxies indicated that they
must contain more matter than could be seen.

The existence of dark matter will increase the (average) density of the
universe

This may make it more likely that the universe is closed
[accept will contract Or end with a “Big Crunch™]
Or Idea that this may make the ultimate fate of the Universe less certain

(1)

(1)
(1

(1)

L]

@

Max 2
The universe started from a small initial point [accept Big Bang]
Idea that universe has a finite age

Idea that (observable universe is finite because) we can only see

as far as (speed of light) x (age of universe)

Or light reaching us must have travelled a finite distance since the Big Bang
Or some parts of the universe are so distant, light has not had time to reach
us yet

(1)

(1)

(1)

Total for question

11

Q20.
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Question . ) - .
Number Acceptable answers Additional guidance
(a) »  Object of known luminosity (1) 1
Question Acceptable answers Additional guidance
Number
(b) * The (parallax) angle becomes very
small (L
Or the diameter of the Earth’s orbit 1s
very small
* Giving a (very) large percentage (1)
uncertainty 2
Question Acceptable answ Additional guid
Number Acceptable answers £ onal guidance
© |
* Measure change in wavelength / (1)
frequency
* Deternune relative velocity using oy
redshift formmula
»  Then apply v = Fpd (1) 3
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Mark Scheme

Ql.
g-ﬁ::: Acceptahle Answer Additional Guidance Mark
o Gradient of graph determined (1) | Example of calculation:
Gradient=
_ Er— 1y : 1
¢ v=Hd sot=1/H=1/gradient (1) (440ﬂ0—1QGO) kﬂms —5 15% 1055
] (2.00-0.00)x102% km
o 1=47x10"s Q| : 65X 10"
Y S iaxigiegt roXXI07s 3
Q2.
Question Acceptable answers Adl:.htmnal Mark
Number guidance
¢ The wavelength change i1s bigger the further away the galaxies
are (1)
¢ The further away galaxies are the faster they are moving, so all
distant galaxies are moving away from each other (and the
universe 1s expanding) (1)
¢ There 15 a large amount of scatter in Hubble’s oniginal data set.
(4))
¢ The oniginal data set covers a very small range of distances [only
the closest galaxies considered] (1)
¢ Hence, on the basis of the onginal data, the conclusion drawn by
Hubble was quite speculative (1)
5

Q3.
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Question
number

Acceptable answers

Additional
guidance

Mark

(i)

Either

When x = Ro. F = GMm/Ry? (1)

F = GMmRo/Rs? so k = me? = GMm/Re® (1)
Use of I=2w'e (1)

T2 = 4x¥/w? = 4n? Ro¥/GM

So T = 2m\/(RZ /GM) (1)

OR

From graph F=-(g/R.)r (1)
From which @ =V(g/R;,) (1)
Use of T=2'w (1)

SoT = 2nV(R; /g) Q)

Question
number

Acceptable answers

Additional guidance

Mark

(ii)

Either
Centripetal force = mvi/Ro = GMm/Ry? (1)

o 472 Re¥ T?Ro = GMEe? (1)

o T!=dnYe’ = 4n’ Re*/GM

So T = 2m/(R2 /GM) (1)

OR

* mg= mﬁ.«’Rﬂ =m 'Ry (1)

s Sow= *u"(g/RO)_ 1))

o T=2wo=2mV(Ry/g) (1)

Q4.
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Question Answer Mark
Number

(a)(i) Redshift is the (fractional) increase in wavelength received (by an

observer) (1)

Due to source and observer receding (from each other) (1) 2
6(a)) | QWC — Work must be clear and organised in a logical manner using

technical wording where appropriate

Measure frequency/wavelength of light (from the galaxy) (1)

Compare (measured) frequency/wavelength to the frequency/wavelength

for a source on the Earth (1)

States appropriate Doppler formula (consistent with mpl/mp2) and how

1t 15 used to calculate velocity (1) 3
(b) (Standard candles are stellar) objects of known lummeosity (1) 1
(c) Seev=Hyd and v=d/t (1)

Therefore t=1/H, (1) 2

(dependent mark)
(d)(x) If density less than critical value, expansion would continue for ever (1)

If density greater than critical, expansion would stop and universe would

contract again (1)

If density equals critical value, expansion rate would decrease to zero but

umiverse would not contract again (1) 3
(d)(a) The mass of the universe 1s uncertain because of the amount of dark

matter 1s uncertain (1)

The value of the Hubble constant 1s uncertain (1)

Or

The amount of dark matter (1n the universe) 1s uncertain (1)

Since dark marter doesn’t interact via the electromagnetic interaction (1)

Or

The value of the Hubble constant 1s uncertain

Since measurements of distances to distant galaxies are uncertain (1)

(1) )
Total for guestion 13
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	161. Understand how the movement of a source of waves relative to an observer-detector...
	Mark Scheme

	162. Use the equations for redshift z = Δλ/λ ≈ Δf/f ≈ v/c
	Mark Scheme

	163. Understand the controversy over the age and ultimate fate of the universe...
	Mark Scheme


