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Mark Scheme

Ql.
Question Answer Mark
Number
Use of Amax 7= 2.898 x 10° mK (L)
T'=3400(K) Y
Use of L= 4mr-cT" _ (1)
rs = 6.8 x 10" (m) [8.82 x 10" m if T = 3000 K, 6.87 x 10" mif T = 3400 K] (1)
re/rs = 980 [1270 if T=3000 K, 988 if T=3400 K] (1) 3
Example of calculation
2.898x107 mK
B bl o
850x107 m
449x10"W :
P o c e = =6.83x10"m
A x567x10"Wm—K™ x(3410K )
. 11
S M =083
e 6.95x10°m
Q2.
Question Acceptable answers Additional guidance Mark
Number
¢ Useof A, I =29x 10°(1) Example of calculation:
o T=3B800K [accept 5780 N 3
K and 6000 K] (1) 7220 MR 5ok
» Useof L=4micT* (1) 5.02x107 ' m
o 1=69x108m (1 H 25T
@) . 3.3;J><101 : | _ —6.91x10°m
4n=567x100 Wm K ><[58E]UI"Z_T1
4
Q3.
Question | Answer Mark
Number
The star cools, so temperature T reduces (1)
The star contracts (under gravitational forces). so area .4 reduces (1)
L = 6AT *hence L is reduced (mark dependent upon erther mpl or mp2) (1) 3
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Q4.

Question . - . -
Number Acceptable answers Additional guidance Mark
(i) Example of calculation and graph
® Useof loae T=2808 x 107" mK (1) | Amax * 2026 K=_§.393 * 107 mK
* ua=14%107 (m) (1) |Fman=143%107m
* correct black body radiation shape 1
* peak at correct wavelength Eli i |”_ 5
* line not zero at long wavelength and .
not posttive at 0.0 on wavelength axis @ | £ SHHHEIE
1 B :
b === !'! 2omas.
a , |
i RS
2 |
o 'l‘-.- |I|| 15 :'n 15 ,a'-| 15 40 -
1'_::: Wvelength/ 10Fm 2
(ii) » Most radiation at infrared
OT Amaz 150°F 10 the visible spectrum
or only a small proportion of
radiation/power in visible spectrum 1)
* Ratio of useful output/input is
therefore very small
Or so proportion of energy transfer
that is useful is small 1) N
Q5.
ti Additional
Question Acceptable answers Siona Mark
Number guidance
(i) An explanation that makes reference to:
¢ guantisation of energy 1s the idea that energy 1s ematted/radiated
in discrete packets/photons (1)
¢ each photon has an energy which 1s related to frequency OR
suttable reference to E = & (1) 2
(i) o Model A is successful at long wavelengths because the curve for

model A follows the experimental curve (1)

gets shorter (1)
follows the experimental curve (1)

wavelengths (1)

* But model A breaks down for short wavelengths, since 1t
suggests that the intensity tends to infimity as the wavelength

¢ Model B 1s successful for short wavelengths because curve B

¢ But model B indicates higher than expected intensities at larger
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Q6.

Question | Answer Mark
Number
(a) (B2=)2.9x 10°/A2 Or(B2=)2.9x 107 /Ay Or(B2=)29x107685 ()| 1
«107
[Ignore incorrect powers of 10]
(b) Use of L=0T 4 (1)
A=0.21(48) x 10" (m?) 1| 2
For max 1

Use of 4 = 4nR’ to give 4 = 2.1(1)x 10" (m?)

Example of calculation:
0.392x10%® Wm™ ;
A= — - =2.148x10% m’
5.67Tx107" Wm— K~ ><:[—123(}K}

(c) Flux/brightness/intensity measured and distance to star determined (1)
. . . . .
(Luminosity calculated using) L= 4nd’F (1)

Alternative mark scheme:
Temperature and type of star identified [e.g. main sequence] (1)

Hertzsprung-Russell diagram used to find luminosity (1) 2

tn

Total for question

Q7.


https://stemup.co.uk

b

Intensity

N

0 025 |
Wavelength / pun

Examples of acceptable shapes:

| :
r ™
| : ,
I
I ~ )
I T T
G

Imtensity

Intensiny

n 25 p.F I 0
4 Wavelength / pm

Imtensity
Intensity

™

e
i ¥ r '.:r. — ___.._:_;.. o ]
"7 Wavelength © pm Wavelength [ pm
Examples of unacceptable shapes:
1 A
. |'|l \._.
E ."I %
- / E
f 8-}
i’ .‘m\\ A
.,
! . .,
ll| g ¥ M
0 YT > |
1
“"il\'ﬁ]g{\éh { pm 0 t ‘L:"a'\.'cltn,gﬂ:.  um

Question | Answer Mark
Number

Curve with peak at 0.25um (labelled or in correct position) (1)

Shape mmst be an asymmetric curve and must not have intensity at h =0 (1) 2

Q8.
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Question
Number

Answer

Mark

B
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Mark Scheme

Q1.
Question Answer Mark
Number
A 1
Q2.
Question Answer Mark
Number
Use of Amax I= 2.898 x 10" mK (1)
T=3400 (K) (1)
Use of I=4mr°cT* . (1)
re=6.8 x 10" (m) [8.82 x 10" m if T = 3000 K, 6.87 x 10" mif T = 3400 K] (1)
ra/ts = 980 [1270 if T= 3000 K, 988 if T=3400 K] (1} 5

Example of calculation
2.898x10" mK

T=""——=3410K
B30=107 m
449x10"W -
T = - = =6.83x10"m
A x5.67x10°Wm—~K™ x(3410K)

. 11
T 6.83:«108 m_ o3
e 6.95x10°m

Q3.
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g‘;ﬁt;:: Acceptable answers Additional guidance Mark
¢ Useof A, I =29x 10°(1) Example of calculation:
o T=35B800K [accept 5780 s
K and 6000 K] (1) 7= 22X107mK _ so00x
o Useof L=4m%T* (1) 5.02x10" m
e r1=69=10% 257
r=6.5x10"m (1) r=\’ e N _691x10°m
7% 567107 Wm K~ x (s800K*
4
Q4.
Question | Answer Mark
Number
The star cools. so temperature T reduces (1)
The star contracts (under gravitational forces), so area 4 reduces (1)
L = 6AT *hence L is reduced (mark dependent upon erther mpl or mp2) (1) 3
Q5.
%:E:E: Acceptable Answer Additional Guidance Mark
(i) ¢  All the stars are 1n the mamn (1) 2
sequence 4y
¢ In an older cluster there would be
red giant stars
(i) | MAX4 4
¢ The most massive stars
experience much greater (1)
gravitational forces (1)
¢ 5o core temperature and density
is greatest I
* The rate of fiusion in the core is (I
greatest 1
Or the power generated in the
core 1s greatest 1
* The (surface) temperature s
greatest
¢ The surface area of these stars 1s
greatest

So according to Stefan’s Law the
power radiated from these
massive stars 1s greatest
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Q6.

Q7.

Q8.

Question
Number

Acceptable Answer

Additional Guidance

Mark

¢ UseofL = 4nrloT?
L
42

o I=137(KWm?)

¢ Useofl =

¢ This is less than 2 (KW m™2) and
so the claim is false.

(D
(D
(D

(D

Example of calculation:
L=4m(6.96X10°m)*x5.67 X 10°W 1

[=388 = 10" W

3.88x10%5W

= Im(L50 X10m)? =1372 Wm?

Question

Number

Acceptable Answers

Additional Guidance

Mark

1)

(1) | Example of calculation

use of [ = L / 4nd"

325 % 107 Wm? =L /4n(4.00 = 109 m)?

L=653=10°W (I |71-6531x102W

=0.17% of Sun (1) | 6.53 = 1085 W /385 x 10¥ W=0.17%

(ii)

Example of calculation

use of L = gAT* (1) | 6.53 % 105 W=5.67 » 10° W m 2K x 4z (9.81

T=3124(K) (1)

Statement relating 1)
calculated values

of Tand I to

mMALN SEqUENCE On

H-R diagram

Ir=3124K

x 107 m)? = T
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Question | Answer Mark
Number

(a) (B2=)29x107/A2 Or(B2=)2.9x 107/Amy Or(B2=)29x10°/685 ()| 1
x107
[Ignore incorrect powers of 10]

(b) Useof L=0T 4 (1)
A=0.21(48) x 10* (m?) 1| 2
Formax 1 . ;

Use of A = 4nR’ to give 4 = 2.1(1)x 10" (m?)
Example of calculation:
0.392x10%*° Wm™ ;
A= -7 = 2.148x10" m’
567x10"Wm "K " x (413031}

(c) Flux/brightness/intensity measured and distance to star determined (1)
(Luminosity calculated using) L= 4nd’F (1)
Alternative mark scheme:

Temperature and type of star identified [e.g. main sequence] (1)
Hertzsprung-Russell diagram used to find luminosity (1) 2
Total for question 5

Q9.
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Question | Answer Mark
Number
Curve with peak at 0.25um (labelled or in correct position) (1)
Shape mmst be an asymmetric curve and must not have intensity at h =0 (1) 2
h
o
=
o
= |
|
|
|
|
|
|
|
l
0 0.25 1
Wavelength / pun
Examples of acceptable shapes:
2 | -y
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]
| . :
n o - I_;,- T 0 L=
g ;":-\If!"u \-l:ll:ngd'.. ey I 9 iWuveI.unglh {am b
Y
~
i ¥ —Sjpsr—ens — = “'"‘H...
b Wavelength / wm ! Wavelength / pm ]
Examples of unacceptable shapes:
r K .
. l|'|l \._.
E ."I ‘_t
z / g
|lll. E
i’ S A
.' G , B
) / - 2 b S : -
a
Q1o0.
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Question
Number

Answer

Mark

B
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Mark Scheme

Q1.
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._?-lllli:gs Acceptable Answer Additional Guidance Mark
o Useofd, T =2.898x 107 mK (1) Ignore references to the
' wavelength of red light
® =910 nm (D
¢ Yes, because peak enuission @ Example of calc;tlarioﬂ: X
occurs at a wavelength close to _2898x10" mK 3 :
950 nm ‘:{mzx—w:‘}.ﬂﬁxlﬂ m
Q2.
Question | Answer Mark
Number
D 1
Q3.
Question Answer Mark
Number
Use of Amax 7= 2898 x 10° mK ey
T'=3400(K) (L)
Use of L= 4T . (1)
re=6.8 x 10" (m) [8.82 x 10" m if T = 3000 K, 6.87 x 10" mif T = 3400 K] (1)
ra/ts = 980 [1270 if T= 3000 K, 988 if T=3400 K] (1} 5

Example of calculation
2.898x107" mK

T="—— ———=3410K
B30=107 m
4.49x10*W :
Fp = - = = =6.83%10"m
A x5.67x10°Wm—~K™ x(3410K)

7y _ 6.83x10"m

083

re 695x10°m

Q4.
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gﬁgg: Acceptable answers Additional guidance Mark
(i) Example of calculation and graph
* Useof lmas T=2.808 x 10° mK (1) | s x 2026 K =2.898 x 10~ mK
o =147 10% (m) (1) |/mx=143710"m
* correct black body radiation shape
¢ peak at correct wavelength E; I iEE
¢ line not zero at long wavelength and i AN
not positive at 0.0 on wavelength axis (1) E‘
00 DNS:10 15 20 25 30 15 40
"E Wirrclengih/ 11m 5
(ii) » Most radiation at infrared
OF /Amys 150°1 in the visible spectrum
or only a small proportion of
radiation/power in visible spectrum (1)
+ Ratio of useful output/input is
therefore very small
Or so proportion of energy transfer
that is useful is small (I \

Q5.
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Question | Answer Mark
Number
(a) Max 6
The young star cluster consists (mainly) of main sequence stars (1)
The old star cluster has a truncated main sequence (1)
The old star cluster has lost 1ts heaviest main sequence stars
(D
The old star cluster has (many) red giant stars
(D
The old star cluster has (some) white dwarf stars
(D
Massive main sequence stars are the first stars (fo deplete sufficient hydrogen 1n
their core) to evolve mnto red giant stars.
(D
Some red giant stars have evolved into white dwarf stars in the old cluster
(1) 6
(b)(3)
Star A is closer to Earth than Star B (1) 1
(b)(ii) Eartn
d
15510 'm e
T~
[ ] “® 3m@r
Sumn
Use of appropriate trigonometric relationship (H
d=40x10"m
(1) 2
Example of calculation:
11
sind — 15107 m
d
d=401x10"m
() A =1.0% 107" m (1)
Use of Jmex T=2.9 x 10° (1)
T=2000K (1) 3
Example of calculation:
T=29=x10"mK/10x 10 m=2900K
Tatal for gquestion 12
Q6.
uestion - .
Q Answer Additional guidance | Mark
Number
A (5.1 x 10° m)
(1)
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Question Mark

Number Acceptable answers Additional guidance

Example of calculation

® Useof AT =2.898 x 107 mK (1)
AmexT=2898 x 10° mK
Amex=2898 x 10° mK /293 K
Imex=989 % 10%m

+ ___ with sensible temperature 1)
expressed m Kelvin

* Eg in.=989x 107" m for 293 (1)
K 4
MP4 consistent with calculation
* Value 1s greater than max
wavelength of red light so 1s 1 (1)
IR region

Or (af starting from 700 nm)

® Useof 1, T=2808x 107 mK
o T=4100K

¢+ (Comparison with stated sensible
temperature (°C or K)

* Temperature 1s too high so
wavelength greater than max
wavelength of red light so 1s 1
IR region
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Question | Answer Mark
Number

(a) (B2=)29x107/A2 Or(B2=)2.9x 107/Amy Or(B2=)29x10°/685 ()| 1
x107
[Ignore incorrect powers of 10]

(b) Useof L=0T 4 (1)
A=0.21(48) x 10* (m?) 1| 2
Formax 1 . ;

Use of A = 4nR’ to give 4 = 2.1(1)x 10" (m?)
Example of calculation:
0.392x10%*° Wm™ ;
A= -7 = 2.148x10" m’
567x10"Wm "K " x (413031}

(c) Flux/brightness/intensity measured and distance to star determined (1)
(Luminosity calculated using) L= 4nd’F (1)
Alternative mark scheme:

Temperature and type of star identified [e.g. main sequence] (1)
Hertzsprung-Russell diagram used to find luminosity (1) 2
Total for question 5

Q9.
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Question | Answer Mark
Number
Curve with peak at 0.25um (labelled or in correct position) (1)
Shape mmst be an asymmetric curve and must not have intensity at h =0 (1) 2
h
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Question

Number Acceptable answers Additional guidance Mark
@ o Useofl =41 +#aTl 1) Fxample of calculation 3
e With 270 000 or 1420 3.85 % 107 W x 270000 = 4 x 7 x
o T =3494 K which is smaller (1 ;6? % 107% x (1420 x 6.96 x 10° m)? x
than the temperature of the Sun, T=13404 K
so it 15 not comrect
¢ Or T=0605 Tsu which 1s
smaller than the temperature of (1)
the Sun. so it is not comrect
%?1::;1;{:: Acceptable answers Addirional guidance Mark
) ) I (1) Example of calculation 2
Use of dpe: T=2808 % 107 m K Apay * 3404 K =2 808 = 10 mK
lpe =820 107 m (ecffor Tfrom (1) | Aex=829x107m
(a))
%ﬁi‘;ﬂ: Acceptable answers Additional guidance Mark
© ] (1) Consistent with the answer from (a) for 2
Add to top right both marking points
(1) Accept hypergiant

Red giant/supergiant
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	153. Understand what is meant by a black body radiator and be able to interpret...
	Mark Scheme

	154. Use the Stefan-Boltzmann law equation L = σAT4 for black body radiators
	Mark Scheme

	155. Use Wien’s law equation λmaxT = 2.898 x 10-3 m K for black body radiators
	Mark Scheme


