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4. (a) Afairground ride rotates at a rate of 8.20 revolutions per minute.
 minute.
() Calculate: ;7‘
I the angular velocity in radians per second; 21
o _
w22 § 42773 5 =732
= )
Loz B 28 20,468
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the time taken to travel an arc of length 10.0m for a point P on the ride at
3.60m from the central axi around WIEH T8 Tide is rotating; 12)
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(i)  Annushka has been given permission to tie a simple pendulum from the ceiling of |
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16°
to the vertical, with its bob at 3.80m from the central axis (see diagram].

Q 8.20 revolutions
per minute

thread

bob
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The q s0.270kg. By ing the vertical
on the bob, calculate the tension in the thread.

21

o

or not this is consistent with the acceleration calculated in (a)(i)ill.
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State what provides the centripetal force on the bob and show clearly whether

31
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(b)  Discuss one way in which our knowledge of the magnitude of centripetal force has been

applied in the design of roads or railways or a domestc applance.
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Calculate: -

I the angular velocity in radians per second; Ls'3 2]
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Il. the time taken to travel an arc of length 10.0m for a point P on the ride at
3.80m from the central axis around which the ride is rotating; 2]
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Annushka has been given permission to tie a simple pendulum from the ceiling of
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16°
to the vertical, with s bob at 3.80m from the central axis (see diagram).

| > 820 revlutions
per minute
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I Themass ofthe bob is 0.270kg. the vertical o
on the bob, calculate the tension in the thread. 2
-z Vi b= ©. 23y
= 2=ad& N
T=2-3¢N
II. State what provides the centripetal force on the bob and show clearly whether
or not this is consistent with the acceleration calculated in (g)(i)ll. €]
Horidears\ 4 e dasie = Catwme\ e
2-36 w0l = 0. F6N
F=mu? E-— = v
ol T
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(b) Discuss one way in which our of the magni ipetal force has been
applied in the design of roads or ailways or a domestic appllance 13l
Loud. oce.. desgred in. o owe . Shage.i§. o0
(... Cooma oo Teks s S0, 2k Cxelnn. \ewih
oA A $ i O, umuw 6o Me Qud
Sl fora, De. o excoi Mok E IV N S
05k g fremabies... g Ha o4d. Yo lsey e
road- L“ + A0k ... SR fet it O ... URE:
Couds . Acovre Mmd dovtercay
14











Sor 2

8
4. (9 Afairground ride rotates at a rate of 8.20 revolutions per minute.
() Calculate:
I. the angular velocity in radians per second; 2
TE23025. 0.5 2% 2 2R
s 7312
U
T F w = 6.85§7019972
f: 01366 cev/g, 2 0859 rds s
T=7-307% Il. the time taken to travel an arc of length 10.0m for a point P on the ride at
3.80m from the central axis around which the ride is rotating; 2]
W lod: L low 2 10 2 2.631SA. s
10m Wodius 38
3.5/ sile t:d 283w = 3.069600958.5.
k) .89
=3.06s
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IIl.  the acceleration of point P. 2
2
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(i) Annushka has been given permission to tie a simple pendulum from the ceiling of
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16°
to the vertical, with its bob at 3.80m from the central axis (see diagram).

8.20 revolutions
per minute

thread

bob — 3.80m:
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(b) Discuss one way in which our of
applied in the design of roads or railways or a domestic appliance.
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Examiner

I~ Themass ofthe bob is 0.270kg. B: the vertical
on the bob, calculate the tension \n the thread. 21
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02 = Rl *x 9 2 9.9203646  mh
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Il. State what provides the centripetal force on the bob and show clearly whether
or not this is consistent with the acceleration calculated in (a)(i)Il. 3
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Marks available

Question Marking details AO1 | AO2 | AO3 | Total | Maths | Prac
4 | (a) (i) | 1| Use of w=2afeven if fis still in revs per minute or by impl [1] 1
®=0.859 [rads™ "] [1] 1 2 1
Il | Use of v=rw [= 3.26 ms™'] or equiv or by impl. [1] 1
Time = 3.06 [s] [1] ecf 1 2 1
1] V2
Use of a =— or a = re’ or by implication [1] 1
r
a=2.80 [ms? [1] ecf 1 2 1
(i) | I'| Correct substitutions inmg =T cos@ (or after transposition) or
by implication [1]
2.76 [N] [1] 2 2 1
[2.55 N indicates error of principle]
Il | [Horizontal component of] tension provides centripetal force [1]
T'sin 16° evaluated [0.761 N ecf on 7] or used in calculation [1]
Conclusion clearly based on calculation e.g.
2.76 sin16°
Either 270 5N10" _ 5 g2ms2)
0.270
or 2.80 ecf from (a)(i)lll x 0.270kg = 0.756 [N] and agreement
noted ecf [1] 3 3 2
(b) Example defined e.g. bends in roads or rail lines, spin-drier... [1]
One factor affecting centripetal acceleration considered in
context e.g. bends in roads or tracks must not be too sharp, or
spin speed must be high enough... [1]
Another factor considered e.g. vehicle speed warnings, drum 3 3
size limited or more intricate measures e.g. banking of tracks
[1]
Question 4 total 3 5 6 14 6 0
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Ser 1

4. () Afairground ride rotates at a rate of 8.20 revolutions per minute.
fmindte:

() Calculate: ;7‘
I the angular velocity in radians per second; 21
w22 1§ 73 52 - 93
e A

Lo B T 0464

20-86 reds™ i

Il the time taken to travel an arc of len%th 10.0m for a point P on the ride at
3 80m from the central axis around which The ride is rotating; 2]
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(i)  Annushka has been given permission to tie a simple pendulum from the ceiling of |
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16°
to the vertical, with its bob at 3.80m from the central axis (see diagram].

ol

(_.__) 8.20 revolutions
per minute

thread

bob
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Sticky Note

Clear and correct answers. [Full marks]
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The q s0.270kg. By ing the vertical
on the bob, calculate the tension in the thread.
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State what provides the centripetal force on the bob and show clearly whether
or not this is consistent with the acceleration calculated in (a)(ill. 3]
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(b)  Discuss one way in which our knowledge of the magnitude of centripetal force has been
3]

applied in the design of roads or railways or a domestic appliance.
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roberm

Sticky Note

Correct result from equating vertical forces (as no vertical acceleration)  [2/2]



roberm

Sticky Note

The traffic roundabout is a good context, and the candidate has written sensibly about how two factors, radius and speed, can influence design.  [3/3]



roberm

Sticky Note

The rotation of the ride creates a need for a centripetal force on the bob, rather than the centripetal force. Only a small proportion of candidates made this mistake, which clearly prevented further progress on this part. [0/3]
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4. (a) Afairground ride rotates at a rate of 8.20 revolutions per minute.
B
" o (i) Calculate: e
o
< I the angular velocity in radians per second; L3 2]
A
4 e e rud s "
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Il. the time taken to travel an arc of length 10.0m for a point P on the ride at
3.80m from the central axis around which the ride is rotating; 2]
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lll.  the acceleration of point P. 'ZM 2]

a=.(326)"

> S0 i

==

(i) Annushka has been given permission to tie a simple pendulum from the ceiling of
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16°
to the vertical, with its bob at 3.80m from the central axis (see diagram).

| > 820 revlutions
per minute

thread —— f
by

bob
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roberm

Sticky Note

Correct. [2/2]



roberm

Sticky Note

This was the most troublesome of the three parts testing understanding of angular velocity and its role. The candidate has made useful progress by calculating the speed of point P. [1/2]



roberm

Sticky Note

Correct. [2/2]
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Eaminer
I Themass ofthe bob is 0.270kg. the vertical bl
on the bob, calculate the tension ln the thread. 21
oy, Teslb= ©. 23y Q
= 228 N v/
T=2-3¢N L/

II. State what provides the centripetal force on the bob and show clearly whether!
or not this s consistent with the acceleration calculated in (a)(i)ll. 6]
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(b) Discuss one way in which our of the magni ipetal force has been
applied in the design of roads or railways or a domestic applnance 3]
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roberm

Sticky Note

Correct. [2/2]



roberm

Sticky Note

Clear and convincing. [3/3]



roberm

Sticky Note

A (rare) example of a candidate not giving a context in which centripetal force is of significance. [0/3]










Ser 2

4. (a) Afairground ride rotates at a rate of 8.20 revolutions per minute.

(i) Calculate:
I. the angular velocity in radians per second; 2
TE23025. 0.5, 2% 2 2R
b 7307
T W = 6.85§701992
j: 01366 ev/g, 2 0-859 rds /s ‘{/
T= 731074 |1 the time taken to travel an arc of length 10.0m for a point P on the ride at
3.80m from the central axis around which the ride is rotating;
W lod: | logt. 2t 10 - 2,631 nds
10rm Mol 38
3.5/ sile ¢:d 2:63 = 3:069600958.5,
2 [ B 3
=35.06s \
—_—y 4
IIl.  the acceleration of point P. 2]
2
azule 20959 ¥ 38 = 2.80200 //
= 2-90 mA?
=25

(i) Annushka has been given permission to tie a simple pendulum from the ceiling of
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16°
to the vertical, with its bob at 3.80m from the central axis (see diagram).

8.20 revolutions
+— per minute

thread

bob — 3.80m:
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Sticky Note

All parts correct. [6/6]
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I~ Themass ofthe bob is 0.270kg. B: the vertical
on the bob, calculate the tension \n the thread. 21

c4~ F=me @z 98 Mm%
02 = Rl *x 9 2 9.9203646  mh
@79 Tz 020x.9:492..5.2. 54398 94>
=2. s;q N X

Il. State what provides the centripetal force on the bob and show clearly whether
or not this is consistent with the acceleration calculated in (a)(i)Il. 3

Lo invad.. accelomton multiplied b*d russ g
Provides Yo cenbripetid fre... - %

2BD2 F= o, 2 0220 x035%° x 3.80
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(b) Discuss one way in which our of the magnitude of force has been
applied in the design of roads or railways or a domestic appliance. 3]

Qalkcg»s ace...dosigneq... 2bive] staegdls. it ro islt doh.
f(.s @ M"&,at e s,mJJM y/f* Y Cenhfe/u/

s goedt| by sop omars sl couse He b &

({em}

14

©WIEC CBAC Lid. (A420010-1) Turn over.



roberm

Sticky Note

cos16° on the wrong side of the equation. Consciously or not, the candidate is equating forces resolved along the string, forgetting that they are not in equilibrium. [0/2]



roberm

Sticky Note

Confusion over what provides the centripetal force, leading to a circular argument. [0/3]



roberm

Sticky Note

The context is a good one and the candidate understands the role of radius and hints at the role of speed in designing railways.  The idea that centripetal force causes trains to derail is a little confused.  [2/3]










4,

(@) A fairground ride rotates at a rate of 8.20 revolutions per minute.
(i) Calculate:

I. the angular velocity in radians per second,; 2]

II. the time taken to travel an arc of length 10.0m for a point P on the ride at
3.80m from the central axis around which the ride is rotating; 2]

(i)  Annushka has been given permission to tie a simple pendulum from the ceiling of
the rotating ride. She finds that, when the pendulum has stabilised, it hangs at 16°
to the vertical, with its bob at 3.80m from the central axis (see diagram).

8.20 revolutions
Q_) per minute

/\

3.80m

thread

bob
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I.  The massofthe bobis 0.270kg. By considering the vertical force components
on the bob, calculate the tension in the thread. [2]

II. State what provides the centripetal force on the bob and show clearly whether
or not this is consistent with the acceleration calculated in (a)(i)lll. [3]

(b) Discuss one way in which our knowledge of the magnitude of centripetal force has been
applied in the design of roads or railways or a domestic appliance. [3]
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7. (a) State whatis meant by the heat, O, entering a system. 2

won. fa Fermad iy B boanspeed.. to.... e
s;mq« fore oudnde. gy M. syifn o Yo,
o st e #w-a%m'l- sy ik

(b) A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The:
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at
constant temperature.

piston
Pressure / kPa i
cylinder
30
hinaneny
10 15 20
Volume / 10-3m?
(i) Calculate the work done by the gas in the atage AB. 21
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Examiner
(i) Foreach of the stages AB, BC and CA separately, and for the cycle as awhole, use| "
the first law of thermodynamics to explain whether heat flows into the system or out
of the system. Calculations are not required. [6 QER]
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(a) State what is meant by the heat, Q, entering a system. 121
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(b) A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at
constant temperature.

piston
cylinder

Pressure / kPa

zna iaanannzax il

o
10 15 20
Volume / 10-3m?
(i) Calculate the work done by the gas in the stage AB. 2]

Wb = ’DAV
= 30x1E x_(29-5) X157

z. oo
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(i)  For each of the stages AB, BC and CA separately, and for the cycle as a whole, use|
the first law of thermodynamics to explain whether heat flows into the system or out

of the system. Calculations are not required. 6 QER]
The...lsk.. lam. L2 %Llwcbmmiw. stk ea Hick
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(a) State what is meant by the heat, Q, entering a system.
Q. PAPL ML borc S0SA O RLAK RS gay IO {U
0 Y AR Nl RNk Mo A BNk 6], CbINRA

ANLLG AL Tor .. A Imj W dytemm..

(b) A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at|
constant temperature.

Pressure / kPa

piston
cylinder

20!

B+

H

T

1 15 20
Volume / 10-3m?

(i) Calculate the work done by the gas in the stage AB. ]
W.zp.AY
W= S0.x3 A 09 x 07

W.Z.)2.08 3
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(Examiner
E L\ (i) Foreach of the stages AB, BC and CA separately, and for the cycle as a whole, use -
the first law of thermodynamics to explain whether heat flows into the system o au]|
of the system. Calculations are not required. 6 QER]
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Marking details

Marks available

AO1 AO2 AO3 Total Maths Prac
7 | (a) Energy [entering system] [1]
by virtue of a temperature difference [or equivalent] [1] 2 2
(b) | (i) Correct substitutions (ignoring power of 10) into W = pAV [1] 1
w=1.20 k[J] [1] 1 2
(i) Indicative content:
AB Gas does work [or ¥ positive] and internal energy rises [or 6 6

AU positive] since temp rises [as gas expands at constant
pressure]. So heat flows in [or Q positive]

BC Gas has work done on it [or I negative]. No change in
internal energy [or AU =0] so heat out [or Q negative]

CA No work [or 7 = 0] but internal energy falls [or AU negative]
so heat out [or O negative]

ABCA Net work done on gas [or ¥ negative], no change in
internal energy [or AU =0] so heat out [or O negative]

5-6 marks

They have considered Q, W and AU well for all stages.
There is a sustained line of reasoning which is coherent,
relevant, substantiated and logically structured.

3-4 marks

They have considered 2 of Q, W and AU well for all stages. Or
they have attempted to consider Q, W and AU for most stages.
There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

© WJEC CBAC Ltd.
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Question

Marking details

Marks available

AO1

AO2

AO3 Total

Maths

Prac

1-2 marks

They have considered O, W and AU well for all stages. Or they
have attempted to consider 2 of O, W and AU for most stages.
There is a basic line of reasoning which is not coherent, largely
irrelevant, supported by limited evidence and with very little
structure.

0 marks
No attempt made or no response worthy of credit.

Question 7 total

© WJEC CBAC Ltd.
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7. (s) State whatis meant by the heat, O, entering a system. 2
B b Heimed trggy g trnspend b e
systen.... fpore.. ouknde. . dy... Mo 3y1He Py S,
AV Aiftersss..in #ﬂwéﬁr«/ﬂ'k gy lmthe.

(b) A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The:
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at
constant temperature.

piston
& Pressure / kPa ]
cylinder
30
o HH
10 15 20
Volume / 10-3m?
(i) Calculate the work done by the gas in the /age AB. 21 7
| o= %)z 50,2 12007 W
{ = A"

o
|
\
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roberm

Sticky Note

“Thermodynamic energy levels” was not considered a clear synonym for temperatures.  [1/2]



roberm

Sticky Note

Correct . [2/2]
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Exariner

(i) Foreach of the stages AB, BC and CA separately, and for the cycle as awhole, use| "
the first law of thermodynamics to explain whether heat flows into the system or out
of the system. Calculations are not required. [6 QER]

e AB, T yolume.  increarts hut #e P ;17: o
s w8t MG B2 fempecatunt | ruas)  ahso Q

nebeast et oot fear  a amfotd vk pe
2gukers.: for.. B, fV O Yo S M2 Y
NS T ... A BB D nh. cherge. onel. we..
8L B SAp Ut o T L. prisiss.. Mttt I
vl stasp. Ha  same N ) o Lo lon. o 14
Llowrtant., }M.f{«m..mt..a..?ﬂ- 74)44« e Arppernfors
MO Tt A0 SIS0 MDA . DG

L KL O oot Sl AT fm’lf‘-,.‘.“
5 Kl L .. .. FEOA . 100l K. 2800.... 00

PV o e SHE trd. ndl. . 2.4 oplke.... 4%
7 4 V4

.. Larns
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roberm

Sticky Note

For AB the candidate has not considered work done, so the statement about heat input, though correct, is not properly justified. For BC the false claim is made that no temperature change implies no heat flow. For CA the candidate does not mention the (zero) work done, so the conclusion about heat input, though correct, is not properly justified. For the cycle as a whole, the candidate recognises that PV at the beginning and end are the same, but considers neither   nor work, coming to the wrong conclusion of no heat flow. Overall little understanding shown of how to apply the first law. [1/6]
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SW Q

18
(a) State what is meant by the heat, Q, entering a system. 21
Hek.....50.... 0. ealany 5. teamatk... betmtsm..on.. ooz 8. high
8 by
Yonmpriokinon.. dn. oo regiom.. .l L o ok smre

T

¥ 1
L o ths. fens pac otince (—TJL/ e

(b)

A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at
constant temperature.

piston 40 T
Pressure / kPa T
30!

cylinder

ana aanannaax il

o
10 15 20
Volume / 10-3m?
(i) Calculate the work done by the gas in the stage AB. 12]

Wb = ’DAV
= 30x1E x_(29-5) X157

z. oo

©WiEC CBAC Lt aaouroy
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roberm

Sticky Note

A good definition.  [2/2]



roberm

Sticky Note

Correct. [2/2]





19

(i)  Foreach of the stages AB, BC and CA separately, and for the cycle as a whole, use|
the first law of thermodynamics to explain whether heat flows into the system or out

of the system. Calculations are not required. 6 QER]
The...lsk.. lam. L2 %Llwcbmmiw. sk ea Hick
A= Q=W e 8U. G the. chenga. &
Satscncn . tnegy. dp. b syt arn, .. Q.o ek flo

Loke b gk, ook W o sk o oy e

34 Y.e

L AB,. b unkernal o A
et w{ﬂa‘m/ﬂ U‘LP‘/ e V. nen et
The..vo\w de .
= alw)
W5 p 4“ Theeds a Y e g
—
T BC, tha.pi ...is0. kb [ There.c
Covta, ( 2rcg... Tha L, S..decreoding
el + .55 Q=M. bt @

')
G
Negadd Heot

T Ch, . sutesnnl deccewnts. @s..p (
B Oh, B AR IO Gew.. it W2, O He

AV= @ ond s Ga acyulia . Heat Plon omk s
For the AL, tv odenal eacgy muert be b

dane Sk Ared and F;Au\.\ < For bhit cgele, bhe
work donsr s bre g o greater HWoan Y ok
doae b the goo and s W & vl Again stee

A=W, @ wmut be —va at flows k9
g

b system.
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roberm

Sticky Note

A textbook answer, complete, correct, clearly and logically presented. [6/6]
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(a) State what is meant by the heat, 0, entering a system.

Q- PAFEHAR L. ke B00SWIL. A\ ALK ... e WIAOA... [
0 Y IR N RNk Mo A BNk 6], bR

NLLG AL Hor ey A Imj Moo dytemm..

(b) A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at|
constant temperature.

Pressure / kPa

piston
cylinder

B+

1 15 20
Volume / 10-3m?

(i) Calculate the work done by the gas in the stage AB. 2
W.zp AN
Wz S0.x3 A 09 x 0

W.Z.)2.08 3

Examiner
only

(

D

©wiEC CBAC L (razouto-




roberm

Sticky Note

Heat is stated to be energy, but we needed mention of it entering the system because of a temperature gradient, or equivalent. [1/2]



roberm

Sticky Note

Correct.  [2/2]
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[xaminer

dtmhnﬂ it dXAg L }\RvI

inureare | 98 ik X pandhi... dnice fone AV W2 Qe ek il Q
a1 beeh WT—”L AV ave porsve 0

UM

4 e ok, Yae. . dyivem) ¥oaga.. BU. el W he
in tomp J L2

and werk - Wond e in.... Yo peoatinss.... he e A e Chpreaear. tn |

‘ L\ (i) Foreach of the stages AB, BC and CA separately, and for the cycle as a whole, use
the first law of thermodynamics to explain whether heat flows into the system
of the system. Calculations are not required.

L 00 | s Yo paciaee. ) Thay.... atas. thax. Q.=

andhe k. MWk At s d Pk 6).. Yo Y aEem... 0. Wik
—_— b g —

won Ao [ For. O aad.. sk G dneer W0 betn
—~% )\ v el T

No. i Aok leesamae . arst. aa ktan. e UABAG . in.

YOy Nt (s AN 2 Qe T0A o NOE K

Wit howe . hoacdoax. ). e REYN bt came.. Mg
B P e
nad. Rein o dasredit.. h. BV daa Bs desrase

Hompar adincse AL O WGl a0 far g aton.. ... de red.
e one (N Tk e gy

Ao, Q LV VS0 'Y S Y FP NN NN VX PRSP S

PRR WIS v VU L I ESIE (YRS VPSS S S hoar. J\wsinke

X”V____Z\_M f‘a""“
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roberm

Sticky Note

The individual stages are dealt with convincingly (except for a little vagueness over work in BC) For the cycle as a whole there is confusion over work and the wrong conclusion is drawn about heat. A good middle band answer.  [4/6]
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only

(a) State what is meant by the heat, O, entering a system. [2]

(b) A gas (assumed ideal) is contained in a cylinder with a moveable, leak-proof piston. The
gas is taken through the cycle ABC shown on the graph. The stage BC takes place at
constant temperature.

A
piston 400 \
eylinder \ Pressure / kPa (1;
300 \
o 200
. N
100 A =Sarty
04— -~

0 5 10 15 20
Volume / 103 m?3

(i) Calculate the work done by the gas in the stage AB. [2]

© WJEC CBAC Ltd. (A420U10-1)
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Examiner
|
(i)  For each of the stages AB, BC and CA separately, and for the cycle as a whole, use o
the first law of thermodynamics to explain whether heat flows into the system or out
of the system. Calculations are not required. [6 QER]
10
© WJEC CBAC Ltd. (A420U10-1) Turn over.
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Examivor
§
Answer the following questions in your own words. Extended quotes from the original article will| "
not be awarded marks.
() Wite down the complete life cycle of a mid-sized star (see Figure 1), m

Star- wd Sized Sl o 1

forming - - red gt > plawelesy ucole > cuhife clafy

nebula

black deast

(b) Suggest an advantage of placing telescopes in space to observe new stars (see

©

Paragraph 2). m
nite..... felesapes..on gt frared... rodedon . Aok Jor
In. lae. . o atmosphece .. k. Space.. Rolescpss.... 2. o, Tufreed.
alyaineg. .cRats... L. cof . woth.. .. VL. delcimn..of.. S

In Figure 2 or 3 below, mark with an X one area where new stars are forming
(see Paragraph 3 and Figures 2 & 3). 0]

Figure 2 (infra-red image) Figure 3 (visible light image)

© WIEC CBAC Lia. (A20010-1) Turn over.
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(d) Explain, using Newton's 2" law, how electromagnetic radiation exerts pressure inside a
main sequence star (see Paragraph 4). 3]

iquisl o
Nehry.....eaod... o st Mok fece_ b Chorge bk om._ gt 09y,

doecty.. puputist...b....take..g) g raetn....ydugon. foswo y...

ht“mamf.",'« o bt hge _tote_of chwg of st dery.
o g o i o, o es.

QT The Ko I\;; forres....ae..inuthes... 5. it ~sali

@sboutmy . presar.... 0ok wards... B ontona, it pil 9 A

Ty force.... b Bt k... ST 1t

(e) Explain why a more massive star has a higher density in its core and why this leads to a
higher temperature (see Paragraph 4). 3]

M0 Masive (ke hos. g volome  andl .. \argy.. Wos .. dnce
P B ko it bya. e dotg. 0. o.M

v
dematy et m g prestae.m. Mo ke (P2 3PC?) am
h;lv pregore .. diresky. ... ok ... L pooie (Pu = ner)
PeGuiteg..m. . highy. dee...bo.... busher.... erenye:.. (linenc)
bl J t J o

( () Show that the wavelength of maximum emission for the hottest main sequence
stars is approximately 150nm (see Paragraph 5 or Graph 1). 2

N oma Wooos - Yato™3 \.4S xl07Fm
¥ 20,000k

2% (S0._Am:

(i) Discuss whether or not it is appropriate to analyse the hottest main sequence stars
using visible light when their wavelength of maximum emission is 150nm

(see Paragraph 5). 2
Nok porsprote St D23 L300 and Nk
\tjvn Torge 13 400 TTeo m Mire. Jenrible b

vik.....olhavnlek or ga~roo(;,

Examiner
only
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Examiner
!
(@ Determine whether or not the star of ma@ is plotted at approximately the correct e
luminosity in Graph 1 (see Equations 1 raph 1). 2
e o”J mess...0:%. Mo .13
=Y
as. Q232 M for.

'n(oNdermfuM% lewminesiy,
m.So.43....7...02302"
=8 72.407% Co  uhar 1Y ho}/ vay belew
0:0) Lo and.  OD00\ Lo whith

14.... Comrack:

(h)  Explain why tar has a lifetime that is 500 times shorter than that of the Sun.p
including any si fying assumpti q

tions (see Paragraph 8 and Equations 1-5).

00 s
A oMo Sk il beeo.aboiger. ot il hes a
Mahox...... L. Paod? b A bﬂ;f\a OR..... 8. 000
ugb rewirg..in... pe o bighe s pare o feisian
wd 2 Shafer /%hmr.

Lo ~ M4 = OM, * = (0000 —> (0,000
L™

225000 . hnes bigner:
E~ AMCE . what B and )8

sk, O A4M 1t X E 4

() Explain briefly what the author means when he states that a white dwarf's mass and
radius are negatively correlated (see Paragraph 9).

Ao s g wlis dbu%& Qecress.....IH....dordly
[Matis..... iphel (P"‘"‘) traghe . Maa.. Mg o0 J’LW

.. Negiu lah
7

END OF PAPER
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Answer the following questions in your own words. Extended quotes from the original article will
not be awarded marks.

(a)  Write down the complete life cycle of a mid-sized star (see Figure 1). 0]

Star-

forming WJW“ ok — fl““b"y Wity
nebula _'lebr:' dw ) Nula 'qwam

(b) Suggest an advantage of placing telescopes in space to observe new stars (see
Paragraph 2). m

Thee s not te peestone i te cadh’s atmusphse

o Motk vt e endialian o whidh is vhot Hhe sngen-rel

Lelerveptswae tr dbizeve oo mh.g Jdlhaa&fz/‘

(©) ¥ Figur éﬁﬁ;ﬁ%mﬂ%&mﬂmmﬁg -
(see Paragraph 3 and Figures 2 & 3). M

Figure 2 (infra-red image) Figure 3 (visible light image)

©WUEC CBAC Lte. (A420010-) Turn over. |
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(d) Explain, using Newton's 2 law, how electromagnetic radiation exerts pressure inside a
main sequence star (see Paragraph 4). €]

P Noutinssandlow: = Do) me

M‘WMMWMW% Dehet wgpgoses
Laet on Ovbad. Jorte
GUMWW hqdcd’#M/d&.ﬂEw
1 Mmuowﬁan

I &) Explaln why a more mat!ve star has a mgher uensmy in its core and why&hlt leads Io a
. higher temperature (see Paragraph 4).

MT\\MM%UM’ s the mnt m«»«.&tlr
the

i Bl ST
ad P2t oy wthe wolumg, MH&MW

(f () Show that the wavelength of maximum emission for the hottest main sequence
stars is approximately 150nm (see Paragraph 5 or Graph 1). 2

Knaa? e = %ﬁ%’ WsxigTm 2150 nm QED.

(i) Discuss whether or not it is appropriate to analyse the hottest main sequence stars
using visible light when their wavelength of maximum emission is 150nm
(see Paragraph 5). & - 2

Examiner
only
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Examiner
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(9)  Determine whether or not the star of mass 0.2 M is plotted at approximately the correct
luminosity in Graph 1see Equations 1-4 and Graph 1). 2

DL 043 - L= b0 231" 2 0.03 (pam)™
L= G-SQXIEJH. %0006/,
01 Mo 4 hefaten 0:001L0 and 0-01L0. on the grnph ond &
rrdly M%MA%M&M, it 4

(h) Explain why a 10 M, star has a lfefime that is 500 times shorter than that of the Sun,
including any simplifying assurgptions (see Paragraph 8 and Equaions 1-5). 2

Sx(oMe) "= u9e3
Edme - Bunz Mpct

oy = /DM;L‘K -»
2 30 10My day  lighing oc[lgﬁl’»%%i; 507"

fr e o e T e

. . (J 4
i G %?ZTWWM;ﬁM ﬁ;;z)er |

Crvd3 S000times 08 much Lty
() Explain briefly what the author means when he stateg 3 2 white a%ds mass ard
radius are negatively correlated (see Paragraph 9) 0 0 ]
%,

e the radi & & it drmfirmas qlhe |
&mwwé'k tobe. 1’

END OF PAPER
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Answer the following questions in your own words. Extended quotes from the original article will
not be awarded marks.

(a)  Write down the complete life cycle of a mid-sized star (see Figure 1). )
Star- _
foming  —» Ppfosha, > mid ~sived shr > el G 4‘)’2{@{0’
nebula

Blecke Bl o 1iVre Bt

(b) Suggest an advantage of placing telescopes in space to observe new stars (see
Paragraph 2). 0]

The cadinbion emifled. by shous b etessshl not
Yo Uoceed ob all by e sdmosphoe if vieisy fon gce
wae dafailed - photos. el Le. mueds

() In Figure 2 or 3 below, mark with an X one area where new stars are forming
(see Paragraph 3 and Figures 2 & 3) m

Figure 2 (infra-red image) Figure 3 (visible light image)

© WIEC CBAC Ltd (Aez0u10-1) Turn over.
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(@) Explain, using Newton's 2" law, how e\ectromagnetic radiation exerts pressure inside a
main sequence star (see Paragraph ]

g(e;{—nm-duhz mdaden S carred L:j pMu; Thase
phoon heve on assoarted presre. degadent on Mot fregvancy.-
These. Vh—ondemestickein phofons. collida. in fha. s

cansig Hheir w«alw h dm\,n Which , by Newks JE
(P =22, sarls . pressors s Mo yben,

(e) Explain why a more massive star has a higher density in its core and why this leads to a
higher temperature (see Paragraph 4). 131

A vae mussve.shar _has a Jrepare.r amviu“m\ Pul\
de Mo molales i s com hyote  eove dragly o
wJa:s He cae . densar Ino tave . niaséve. shar. s
leds 4o wioe. freqund collsiess Leeoon o puctiles 7
Mo core Hoie (onds %Mzrm@wmmhm
@l«p_ e Uik crendes nore esergy od peleas H
sk thzr i # is heovier .

(f) (i) Show that the wavelength of maximum emission for the hottest main sequence
stars is approximately 150 nm (see Paragraph 5 or Graph 1). 2]

HQGZJ’ e Sequenc ke I 20020 K
Weins Lot Xm W oo -}%‘“de )G Sw?

}\“ =S au 2 150 ame
e ]
(i) Discuss whether or not itis appropriate to analyse the hottest main sequence stars

using visible light when their wavelength of maximum emission is 150 nm
(see Paragraph 5).

[2]

T '@ ride a5 Has s autside M uishle.
- “P/’t’ This ma(ﬂqlﬁ s foo_swall - iF
wuum b ulhzwwfez" Nop aw[qm\w_ e vigible

[k
v
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Examiner

only

(g) Determine whether or not the star of mass 0.2 M, is ploted at approimately the correct
luminosity in Graph 1 (see Equatlons 1-4 and Graph 1), @2

Fom. Seehn | [=0:23M Mg 0:43
L=0723x0% ¢
=5 7xe? wlo
2 0-005 xle
Thic is rvorhlywhars % commrs an qoeal
SR Ll i

600l < L <o-at

() Explain why a 10 M, star has a lifetime that is 500 times shorter than that of the Sun,
including any simplifying assumptions (see Paragraph 8 and Equations 1-5). 4]

L fr oMo shei L=tsm®”
- s s U743y Ao

50 o ghe ox e s of Hesun g s ST0 © ércgqu/.
6144-&3 = Povser (Lun.;wb\ % Time L= QH":"
Soot, f ey et
Edms o0k = 10 (i) Hssorving Ihat Hh foal g
(Z"—<“: '.é'hqwslv. ai Hha ‘\‘“"(;;
: 7 )

n

— e : 3 L]
For sun’ bttt Lobethn b S50 veboezzm e s
on g Feas et Gfe

e of son
() Explain briefly what the author means when he siates that a white dwarfs mass and
radius are negatively correlated (see Paragraph 9). ]

Swaller . Je wMe dwf: b as l/vmur Hoon bigor

Whide a&oeroc s "’J“‘
decreases. . muss increases Ay alite. dkwd(—;

END OF PAPER
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SECTION B

Marks available

Question Marking details AO1 | AO2 | AO3 | Total | Maths | Prac

8 | (a) Nebula, protostar, mid star, red giant, planetary nebula, white 1 1
dwarf, black dwarf

(b) Radiation/light not absorbed by atmosphere 1 1

(c) Any one of these 4 marked [with a cross]. If more than one 1 1
marked then follow the rule 1 right + 1 wrong = zero

(d) Photons collide with matter in star (or equivalent) [1] 1
Force is rate of change of momentum [1] 1
h
Light has momentum (or p = z) [1] 1 3
(e) More massive linked to greater gravitational force [hence

density greater] [1]

Greater density linked to increased [rate of] fusion [1]
Reference to energy released by fusion e.g. more energy
released [1] 3

13

© WJEC CBAC Ltd.






Question

Marking details

Marks available

AO1

AO2

AO3

Total

Maths

Prac

()

(i)

P 0.0029

used [1]

9 seen (accept 17 000K to
0000

22 000K from the graph) [1]

Answer = 145 n[m] or

Better to use UV or more radiation in UV or peak emission is
not in visible range [1]
[But] hot stars also emit visible light [more than colder stars] [1]

(9)

Choice of equation 1 e.g. 0.23 x 0.223 (=0.0057) [1]
In (approximately) correct place (don't allow as a guess) [1]

(h)

Correct use of equation 3 e.g. 1.5x 1035 or 4743 [1]

Stated that luminosity or power or rate of use of fuel is 5000x or
4743x% greater [1]

Relevance of factor of 10 understood [1]

Factor of 10 Me and 5000 Le combined for a conclusion [1]

or worded answer

. seen or
5000 4743

e.g. although burning 5000x faster, it has 10x more fuel so
500x less lifetime

eg

As mass increases radius decreases or vice versa

Question 8 total

11

20

© WJEC CBAC Ltd.
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Answer the following questions in your own words. Extended quotes from the original article will|
not be awarded marks.

(a) Write down the complete life cycle of a mid-sized star (see Figure 1). M
Star- wid Sized Sl o ;
T Sl gt > flondesy e > cuhike dep
nebula

black deest

(b) Suggest an advantage of placing telescopes in space o observe new stars (see
Paragraph 2). m

onite..... felesapes...on et Mfr e roskedion 1 aok lo#
Tn. M. o atmosphece .. .. Space.. fokescps....cx... edave... Tfroodd
aklwwj/ oRars... lagpe..of. v .. Yot vl of . Lles

() In Figure 2 or 3 below, mark with an X one area where new stars are forming
(see Paragraph 3 and Figures 2 & 3). 0]

Figure 2 (infra-red image) Figure 3 (visible light image)

© WIEC CBAC Lig. (A20010-1) Turn over.

Examiner
only.

0

®



roberm

Sticky Note

This very straightforward ‘warm-up’ question called for extraction of information from a diagram, but we did require the whole lifecycle to be given.  [0/1]



roberm

Sticky Note

Absorption by the atmosphere was a good reason.  ‘Ozone layer’ was ignored. [1/1]



roberm

Sticky Note

Correct. [1/1]
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Examiner
i
(@ Explain, using Newton's 2 law, how electromagnetic radiation exerts pressure inside a| "’

main sequence star (see Paragraph 4).
wquiel bv
Nehry . ... o sikc... Hok . foce ahiN& Chorge bt am. ghoct.. doy. (5
Ollm(l. . b toke...gf...Chuge... e ’hud«um foron). g}

hdﬁm Ma\r u boi..a hm rofe o} M O}mem dery
i e

it T s P forss.a._inutes . At —svalder
@xbitry. .. prSaE..... 0ot wands. E. tns greittnet.. pil 9 Ao . '
Ty forCe.. bt it b 7M1l o |

(e) Explain why a more massive star has a higher density in its core and why this leads to a

higher temperature (see Paragraph 4). €] O
M0 MaSise..... She.hes b()"" volome. . anel.. \arauy.. Wos o dmce

Lo % ik e U by lw« ety ... Highew. Q
detaly ettt Wghe_prstac_m Ko fhr (P:3PC2) am

lm‘;}v freghove 1. Airecky _ ppork . B bem oot (Py.s nex)
Peuteg...m. bighe...bey dee...bo A’J/v ey (tines)

() () Show that the wavelength of maximum emission for the hottest main sequence
stars is approximately 150nm (see Paragraph 5 or Graph 1). 2

= Noma, W B Yaw™3 145 x107%m
&3

20,000k
gy | %

R
(i) Discuss whether or not it is appropriate to analyse the hottest main sequence stars
using visible light when their wavelength of maximum emission is 150nm
(see Paragraph 5). 2 [
Nok-....sppraprote....Singe Dovnere. 22 1 TG0 and Vil

Nk torge 10 400 = To0 pm- Aﬂm Jeaitbe.. b

i v
vie.........olhaunlekor Froys.
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roberm

Sticky Note

The candidate gave the gist of Newton’s second law (hence the mark) but did not apply the law to photons. [1/3]



roberm

Sticky Note

The higher density was not attributed to gravitational forces, nor was the role of nuclear fusion appreciated. [0/3]



roberm

Sticky Note

A correct Wien’s law calculation. [2/2]



roberm

Sticky Note

A mark was gained for realising that 150 nm was not in the visible part. There would still be plenty of visible light emitted (especially bearing in mind Stefan’s law) and this was not pointed out. [1/2]
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Examiner
!
(@ Determine whether or not the star of ma@ is plotted at approximately the correct =
luminosity in Graph 1 (see Equations 1 raph 1). 2

Oec_of mass 0.2 Me 13 ol ed ut correcty ksl 2
as 0:22 M%7 be..m o4 . 023627
=872, 407% Co  uhar 1Y ho}/ vay belewn) @
0:0°) Lo end. 00001 Lo whih If. Comrect:
/
A\
(h)  Explain why tar has a lifetime that is 500 times shorter than that of thél;;??
including any STpNTying assumptions (see Paragraph 8 and Equations 1-5).
oo me:

A 10Me Sk il beo.aboiger. ot il hes a
hUM Lo BRI N ngher.. Lo iss_ o

wigy g renivg Dt o bighe s take of. folsan
wd o Jhaler ffe heve.

Lo ~ M* = OM, * =
225000 . hnes hianer:
E~ M what  EF and CZ )8 cosknts) SO AME X E P

0000...72..10,000
2-

radius are negatively correlated (see Paragraph 9).

A N Aoy o) e s Boads . decress . It vty
Matss..... ek P.ot0)... Mg 0. Maenc... a0 Shuay

‘/ 0
20

(9 Explan briefly what the author means when ho states that @ whits dwarfs mass and I

END OF PAPER
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roberm

Sticky Note

Correct calculation and adequate justification of correct plotting. [2/2]



roberm

Sticky Note

The factor of 5000 was not justified using equation 3, but a mark was given for associating the factor with a greater rate of fusion. No clear understanding was shown of the total available energy being 10 times greater, nor was the factor of 500 deduced. [1/4]



roberm

Sticky Note

The meaning of ‘negatively correlated’ was understood. [1/1]
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Answer the following questions in your own words. Extended quotes from the original article will
not be awarded marks.

(4) Write down the complete life cycle of a mid-sized star (see Figure 1). )
Star- di I Mx Wit
forming . ¥ = rthgent =7 - o Mak
nebula 9"}“ star Njula 7M M
() Suggest an advantage of placing telescopes in space to observe new stars (see
Paragraph 2).

Mi«w’fﬂamﬁ

U]

o Te_oath’s

to Motk vt e endialiar/y whidh is vhot Hhe, sngen-rel
Lelerveptswae tr dbierve o mh.g Jdlhaa&fz/‘

(c) INFigure Iz%uﬁ«%rk wllaan%:‘a’rme‘::de'w stars are formﬁg q"-

(see Paragraph 3 and Figures 2 & 3). <

Figure 2 (infra-red image) Figure 3 (visible light image)

©WUEC CBAC Ltc (A420010-) Turn over. |
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roberm

Sticky Note

One stage omitted.  [0/1]



roberm

Sticky Note

Benefit of doubt was given on ‘blocked’. [1/1]



roberm

Sticky Note

Correct [1/1]





4
"‘“"‘ﬁ‘:’ﬁ higher temperature (ses Paragraph 4
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(d) Explain, using Newton's 2" law, how electromagnetic radiation exerts pressure inside a
main sequence star (see Paragraph 4). [6

P=f» N eutons saondlon F=ég_\/)7,;.'..,

M‘WMMW:AW% Dthet wgpgoses
Lt on Nl Jorte
GUMWW hqdcd’#M/d&.ﬂEw
wdﬂm' peruak Aen Lrtades
dow;;:dz %

Explaln why a more masSive star has a mgher density in ||s ALt why! mt leads Io a

(® () Show that the wavelength of maximum emission for the hottest main sequence
stars is approximately 150nm (see Paragraph 5 or Graph 1). [2

X 1-qy0” S/
matZ 34- =L’ = a2 160 am QED.

(i) Discuss whether or not it is appropriate to analyse the hottest main sequence stars
using visible light when their wavelength of maximum emission is 150nm
(see Paragraph 5).

1% amm A w:dmth a*‘%
ST T e

150a the kMsfm
mmm WMM o

@bg

Examiner
only
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roberm

Sticky Note

No hint as to why there is a change in momentum. [2/3]



roberm

Sticky Note

Reason for higher density explained, but no mention of fusion or its consequences. [1/3]



roberm

Sticky Note

Wien’s law applied correctly. [2/2]



roberm

Sticky Note

150 nm wrongly stated to be in the visible region. [0/2]
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Examiner
i
(9) Determine whether or not the star of mass 0.2 M, is plotted at approximately the correct| "
luminosity in Graph 1see Equations 1-4 and Graph 1). 2

[]
D2 043 - Le pmamp 23 ot foanl” 7

L= 56807 N, A oooém,

Olﬁn“ht.m 0:001Laand 0-0(Lo on the ond 4 ‘@
rrdly mfx’dmwhwwz\nm Wt
comved limingg

(7). Explain why a 10 M, star has a lfefime that is 500 times shorter than that of the Sun,
including any simplifying assus

tions (see Paragraph 8 and E ns 1-5). 4]
1:Sx (o.M’ gp = W43 /a‘ ‘S
Edme’ Eu.,.=l7 &
En, = u;ma / \‘@
Lumat,,( WMM Lgﬂﬁm @ ’
o e 0y i < gl < (ESI 7::6759:’

ot son. %‘“‘%';“F“W {m)
Masuﬂ ?’Tﬂp (D;;)

5001
() Explain briefly what the author means when he

state; a white £’mas and
radius are negatively correlated (see Paragraph 9). M?{M MM

\
'b(g * M,«m ! ’

END OF PAPER
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roberm

Sticky Note

Correct use of equation 1 and adequate justification of where point was plotted. [2/2]



roberm

Sticky Note

An essentially sound explanation, slightly marred by omission of ‘per unit time’ (or equivalent) from the statement about luminosity. [3/4]



roberm

Sticky Note

‘Negatively correlated’ explained correctly. [1/1]
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Answer the following questions in your own words. Extended quotes from the original article will
not be awarded marks.

(&) Write down the complete life cycle of a mid-sized star (see Figure 1). 1

g Qofosta 5 mil -sed s >2ek Giok > Minehey

nebula
Bleclk ML 4_\.41‘4& Duwf

(b)  Suggest an advantage of placing telescopes in space to observe new stars (see
Paragraph 2). 0]

TL cads B e/mH'@ﬂ l? SJ’NK M'J\.-Leﬁzxu_mf‘

Yo blockeed of ol %*f»«“hwosf &}vwﬁﬁms;ﬂc&n
moe dakailed fz]/mhs covld 1-'\)/

(¢) In Figure 2 or 3 below, mark with an X one area where new stars are forming
(see Paragraph 3 and Figures 2 & 3) m

Figure 2 (infra-red image) Figure 3 (visible light image)
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roberm

Sticky Note

All correct.  [3/3]
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(@) Explain, using Newton's 2" law, how electromagnetic radiation exerts pressure inside a
main sequence star (see Paragraph 4). ]

E‘(e;{—mm-d/u.’ﬁz rodafien S carried 5 p}@fus M
P\u)m:\ have MM&A ﬁ"“"‘ﬁ
These Va%_..a-s&sla:m %’{an umé«fw

oy Hhi b o dm“{/ ick by Newkes T
(m.d. EF.= M- A pressors. s, Hhasben,

higher temperature (see Paragraph 4).
A vae maussve. sharhas a\jrep&‘e.r amw«u\ﬂ/«»
adnde He molasles io s cam J@Jm‘iv m.x}mv[j Tus
v»{:;lis He cae oémsi“\ﬁm Massive shr s
to. o word collstens beloon  dammi pucfsles i
Mo core b (n‘zﬁa F oo i MM
@lécp_ selear Lolach creades o %&A‘Jﬁl }1\
sk L\c&f i # is hoovier . 2’@/

(f) (i) Show that the wavelength of maximum emission for the hottest main sequence
stars is approximately 150nm (see Paragraph 5 or Graph 1). 21

Nolled . nvwin Sequena ok & 2000l
Woins Lont N, =% = 2507 1aSus™

N =l(«5m/a 150 net
Ll ——

(i) Discuss whether or not itis appropriate to analyse the hottest main sequence stars
using visible light when their wavelength of maximum emission is 150nm
(see Paragraph 5).

Tk i ot 6{(}/#"4‘[2 @ His ;m)’l—:&nﬁ; v:n‘\ilf

wavm Lﬂ u[ﬁw{ex"//ﬁm awm?m\'o.h vse \JL(IL‘L
J

(e) Explain why a more massive star has a higher density in its core and why this leads to a
[3]

Examiner
nly
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roberm

Sticky Note

Radiation pressure in a star well explained. Ideally Newton’s third law should also have been applied to, but there was enough here for full marks. [3/3]



roberm

Sticky Note

Larger gravitational pull leads to higher density, hence to increased fusion rate and greater [rate of] energy release. All here. [3/3]



roberm

Sticky Note

Correct use of Wien’s law. [2/2]



roberm

Sticky Note

Candidate knew that 150 nm is in the ultraviolet, but the conclusion that using visible light is inappropriate is too strong. [1/2]
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(g) Determine whether or not the star of mass 0.2 M, is plotted at approximately the correct
1)

Juminosity in Graph 1 (see Equatlons 1-4 and Graph
Fom. Seeben i L=0:23M°
L=023x0" ¢
=5 7xe? wlo
2 0-005 «xle
Thas s mﬂhb ahare ofpenss Mdr-l'.\l 5

M43

000l = L <ot

() Explain why a 10 M, star has a lifetime that is 500 times shorter than that of the Sun
including any simplifying assumptions (see Paragraph 8 and Equations 1-5).

L fr oMo sheei L=ts >

- alsen s u7a,z/«scoo
So o chr 10 Hhe muss of Hasun e is  STOK éfw“*d/
Etuq Porvar (anwLVTN s sl
= sorot, et betgped. "Hv.
Ezdm o0k =10 ¢ (M) Assoming hat Hhe. firal pucis
L= ome fo Mg o& Hha shor & aggligulde
= s ; PN G

Focson:. Fttmemr cbecie 6500 by mgm &

+..510.0." 0. 82
(et of son == s Reas erter G
0

D S e
Explain briefly what the aulhor means when he states that a white dwarf's mass and
radius are negatively correlated (see Paragraph 9).

Swaller . Jde wMe dwf: b as l/vmur Hoon bigor
Uhde a&oeroc s "’J“‘
decreases s increases Amavny alite. dkwd(—;

END OF PAPER
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roberm

Sticky Note

Correct calculation of L and position of star on graph justified. [2/2]



roberm

Sticky Note

Correct use of equation 3 to justify the luminosity factor of 5000. Showed good understanding of the role of luminosity and of 10 times the mass implying 10 times the available energy. [4/4]



roberm

Sticky Note

’Negatively correlated’ well understood. [1/1]
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SECTION B
Answer all questions.
8. Read through the following article carefully. Paragraph
A little bit of information about stars by Ignasi Lluis Marxuach
Figure 1 shows the three different routes for the life cycle of different sized stars, from small
stars, through medium (Sun-like) stars to explosive high mass stars. For some reason, 1

exam boards tend to ignore the smallest category of stars (red dwarfs) because their cores
never become hot enough to produce red giant stars.

Massive star Red supergiant

0 B
Mld S|zed
star

Protostar

0"_\\f

Red giant
dRedrf o
wa :
A

) Supernova @‘&
BI o - A N
¥ Blue %ﬁ b '

dwarf

Planetary\k Star-forming nebula
nebula

Whlte\.' Black

dwarf dwarf

«

Neutron star

Black hole

Figure 1

Stars are formed from the gravitational collapse of gas clouds called nebulae. Gravitational
potential energy is converted to internal energy of hot gases which then emit radiation. 2
This means that the search for new stars usually involves the use of infra-red telescopes in
space.

The images on the next page show the same gas clouds but the image on the right
(Figure 3) is taken with visible light while the image on the left (Figure 2) is taken with
infra-red. Notice how the gas clouds are transparent to infra-red so that stars behind the 3
gas clouds become visible at infra-red wavelengths. The areas where stars are forming are
those areas of the gas cloud that appear to be emitting radiation at both infra-red and visible
wavelengths.

© WJEC CBAC Ltd. (A420U10-1)
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Paragraph

Figure 2 (infra-red image) Figure 3 (visible light image)

Once the core of a young star is hot enough to initiate hydrogen fusion it is called a main
sequence star. Such stars are stable, lasting for millions or billions of years and account
for around 90% of all stars. They are stable because the outward pressures due to hot
gases and electromagnetic radiation are balanced by the inward pressure due to gravity. 4
Larger main sequence stars have denser cores which means that the rate of fusion and the
temperature are also greater. A graph of luminosity against temperature for main sequence
stars is rather useful, although slightly less useful than it should be because astronomers,
apparently, don’t realise that values should increase going to the right on normal graphs.

10000
.5M©

1000

= mass of the Sun
= solar unit (luminosity
of the Sun)

e / " Mo Graph 1

01k Main sequence
stars

100+ 30,

o
I
Sg

0.01-
0.001-
0.0001 -

0.2 Mo

Luminosity / solar units (L )

- | | |
30000 10000 6000 3000

Surface temperature / K

Notice that nearly all main sequence stars have surface temperatures in the range 3000K 5
to 20000K. This makes them suitable for analysing using visible light.

© WJEC CBAC Ltd. (A420U10-1) Turn over.
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Paragraph
Another thing to note from the luminosity against surface temperature graph is that these
factors seem to depend on the mass of the star. It turns out that there is only one factor that 6
determines a star’s position on the graph — its mass. The relationship between mass and
luminosity for a star is quite complicated and comes in four parts.

L=023M23 for M <043 Equation 1
Note that these equations have
L=M?* for 043<M <2 Equation 2 | been simplified by having the
mass of the star (M) in units
L=15M35 for 2<M<20 Equation 3 | of the solar mass (M), and
luminosity in units of the solar
L=3200M for M > 20 Equation 4 luminosity (Le).

These relationships are rather useful and should explain why large mass stars can be found
more easily using ultraviolet telescopes, but they can do so much more when combined 7
with Einstein’s equation.

E = Amc? Equation 5

You might, in the first instance, be excused for thinking that a 10 M, star will burn 10 times
longer than the Sun. This, however, could not be further from the truth. Use of Equation

3 should tell you that a 10 Mg star will burn approximately 5000 times brighter. By using s
Einstein’s equation and making a few simplifying assumptions, we find the expected lifetime

of a 10 M, star to be, in fact, approximately 500 times less than that of the Sun. Some might
say that a large star “burns the candle at both ends” but it’'s more accurate to say that it
burns the candle at 5000 ends simultaneously.

It should be reasonably clear that there is a negative correlation between the mass of a star
and its lifetime. Another two star variables that are (bizarrely) negatively correlated are the 9
mass of a white dwarf and its radius. However, that is a completely different story which is
beyond the remit of this 2019 Space Odyssey.

© WJEC CBAC Ltd. (A420U10-1)
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Answer the following questions in your own words. Extended quotes from the original article will
not be awarded marks.

(@) Write down the complete life cycle of a mid-sized star (see Figure 1). 1]
Star-
forming
nebula

(b) Suggest an advantage of placing telescopes in space to observe new stars (see
Paragraph 2). (1]

(c) InFigure 2 or 3 below, mark with an X one area where new stars are forming
(see Paragraph 3 and Figures 2 & 3). [1]

W Ao
e

Figure 2 (infra-red image) Figure 3 (visible light image)

© WJEC CBAC Ltd. (A420U10-1) Turn over.
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(d) Explain, using Newton’s 2" law, how electromagnetic radiation exerts pressure inside a
main sequence star (see Paragraph 4). [3]

(e) Explain why a more massive star has a higher density in its core and why this leads to a
higher temperature (see Paragraph 4). [3]

(f) (i) Show that the wavelength of maximum emission for the hottest main sequence
stars is approximately 150 nm (see Paragraph 5 or Graph 1). 2]

(i) Discuss whether or not it is appropriate to analyse the hottest main sequence stars
using visible light when their wavelength of maximum emission is 150 nm
(see Paragraph 5). 2]

© WJEC CBAC Ltd. (A420U10-1)
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(9) Determine whether or not the star of mass 0.2 M is plotted at approximately the correct
luminosity in Graph 1 (see Equations 1-4 and Graph 1). 2]

(h) Explain why a 10 M, star has a lifetime that is 500 times shorter than that of the Sun,
including any simplifying assumptions (see Paragraph 8 and Equations 1-5). [4]

(i)  Explain briefly what the author means when he states that a white dwarf’s mass and
radius are negatively correlated (see Paragraph 9). [1]

END OF PAPER
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