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(@) The first law of thermodynamics is given by:

AU=Q-W

State what is represented by:

AU dﬂm% 1’0 iOWMj QFQW

[3]

o Ve arloiy e axion

vk denve by fle sydom

(b) A fixed mass of gas is taken around the closed cycle A— B — C — A.

Pressure / x 105N m2

A
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N
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Volume / x 10~3m?

(i) Complete the table by describing each process in terms of pressurs and volume.
The. description for process A — B is already inserted. For each process state if
any work is done, and if so indicate if it is done on or by the gas. No calculations are

required.

(3]

Process

Description of process

on

Work done
by gas (if any)

A—B Increase in pressure at constant volume

e,

on
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(i) Determine the net work done on the gas during the entire cycle. [2] Exanr:iner
only

57
(¢) The same mass of gas is taken around the cycle A — B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A
is shown in red on the graph below, together with the original path.

Pressure / x 10°N m—2
'

20—

1.8———

14 _ 2 01 Y Y O SR A

14200301
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—

Volume / x 10~3m?
()  Show that the temperature is constant along the new path from C to A. [3]

T=pV swe n,R e astt.

(i)  Estimate the difference in the net work done in the two cycles. [2]
(owhag squaes:. ~ 200 Squars.
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(b)

The first law of thermodynamics is given by:

AU=Q-W

State what is represented by:

AU oGl D bno ) Sy fg}&«k Wbon~ ..
o HPb,k S\mm,ﬁ/(- f_O {?U‘-L g‘-’vf b oane..

i : .
o Lk Ve 5 o Gy

A fixed mass of gas is taken around the closed cycle A —-B — C — A.

Pressure / x 105N m=2

(i)

2.0

1.6

14 IES N E W

12 150 N 5 0 O

o

Volume / x 10~3m?3

Complete the table by describing each process in terms of pressure and volume.
The description for process A — B is already inserted. For each process state if
any work is done, and if so indicate if it is done on or by the gas. No calculations are

(5]

required.
Process Description of process o {Vgi g(ago(%eany)
No Lorkr
A—B Increase in pressure at constant volume
(0 e 5 RIORAR: wwﬂ ow
B— C } u' &
Copubanl Pressiee oo in tsolman o
[ Tircveon i~ Uolww Ugitvm L\)Lw h bj
C—A il . - '
' f @hip~ &
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(i) Determine the net work done on the gas during the entire cycle. 2]

______ A/dwfﬁ‘ﬁ‘(”“”g/mﬂ )x Boo-teagd)

(¢) The same mass of gas is taken around the cycle A — B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A
is shown in red on the graph below, together with the original path.

Pressure / x 105N m—2
A

2.0

o N

(R EEnsii i S e et

1.2FE |

-
Volume / x 10~3m3
(i) Show that the temperature is constant along the new path from C to A. [3]

@x= PU=nkt A awik R= Loty - eds
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(@)

(b)

The first law of thermodynamics is given by:

AU=Q0-W
State what is represented by: [3]
AU WAt e&,\,e,_l.}‘-[
0 \/w A m/\J Q-’*”“{'} ................
w \orl Qun, Ay tn b Sydeew

A fixed mass of gas is taken around the closed cycle A - B — C — A.

Pressure / x 105N m=2
A C

2.0

1.8

R '

14— 8 I 5 0 O . R B

¥ e

10 10 1 O 2 O 0

Tl e

Volume / x 10~3m?3

(i) Complete the table by describing each process in terms of pressure and volume.
The description for process A — B is already inserted. For each process siate if
any work is done, and if so indicate if it is done on or by the gas. No calculations are

required. [5]
ol Work done |
Process Description of process on / by gas (if any)
nlo Wweu
A—B Increase in pressure at constant volume @

e

'vhla!‘{-\ oc'-ﬂl.
B—-C Cen Sta, £ lvfe»,«,g deereass 1t Vole, — OA 3&5‘

Wor(‘ o

% ge>

(}t('.rtmc. 14 Prajun WM renye

C—A
VAT
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7
(i) Determine the net work done on the gas during the entire cycle. [2]

(c) The same mass of gas is taken around the cycle A — B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A
is shown in red on the graph below, together with the original path.

Pressure / x 105N m=2
I\

18—\

T4

P ESsmn in i e ol e e

Ho

Volume / x 10~3m?3

(i) Show that the temperature is constant along the new path from C to A. [3]

_______ PUz ART o JAYAL S0 sy - A

Az cag Breeyp | ) e

Pr A e TrGe2T
MC N Check ap 16 presyore
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O TeQgeake | T 2 Q6*Z7blk3| Temp 13 coshub

all Dwvxy e.f#a‘p
(i) Estimate the difference in the net work done in the two cycles. [2]

Tﬁ‘. pelivan Aol A = }&-(‘**QL‘ New Gret 2 5CC — S e
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Marks available

ti Marking detail
Question arking detatls AO1 AO2 AO3 Total Maths Prac
3@ AU increase (or change) in internal energy of a system (1)
Q heat flowing into the system (1)
W work done by the system (1) 3 3
Reference to system at least once otherwise award a maximum
of 2 marks
® 0 Work d /b
Process Description of process ork done on/by
gas (if any)
A—>B Increase in pressure at No work done (1) —
constant volume AO2
B—->C Decrease in volume at Work done on gas
constant pressure (1) — (1) - AO2
AO1
C—o>A [Linear] decrease in Work done by gas
pressure with increasing (1) — AO2 2 3 5
volume (1) - AO1
(i) | Work done on the gas is given by the "area" enclosed
=2(8-4)1073(2 — 1)10°
1 2 2 2
= (4)(1)102=200[J] (1)
(c) () | Use of PV = nRT and note T constant (1) 1
AtA PV = (1x10°)(8x 1073) =800 [J]
(oratC PV =(2x10°)(4x1073)=800[J) (1) 1
Check any point on curve e.g.
If V (m®) P (Pa)
50x 1073 | 1.60 x 10°
6.0x 1073 | 1.33x10°
70%x 1073 | 1.14 x 10° 1 3 3
(1)

© WJEC CBAC Ltd.






Marks available
ti Marking detail
Question arking detaiis AOL | AO2 | AO3 | Total | Maths | Prac
(if) | Attempt at calculation of area — [accept small square count of
between 170 and 280 i.e. 225 + ~25%)] (1)
If 225 i.e. 2.25 large squares, work difference =
2 AV Ap (AV and Ap for large square)
=2.25 (1 x1073)(0.2 x 10°) = 45 J with uncertainty of 25%, ’ ’ ’
accept a value between 34 and 56 J provided method correct (1)
Question 3 total 6 7 2 15 7 0
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3.

(@) The first law of thermodynamics is given by:
AU=0-W /
State what is represented by: ‘ / [3]
AU dﬂm?Q 20 E()ljémd/l Mj QF 0-58549"’
o ek arteiy e qxien v
L vk done by fle sydom %

(b) A fixed mass of gas is taken around the closed cycle A— B — C — A.

Pressure / x 105N m2

2. “.:.:...C |:- EmEEmEE
EEMEN BN URNEL, VNS NSNS NS AN S R EEEE N

PlE R N e
i \‘__I SN ENEE W E
________ \

o N————————

"y T e
R __‘
= H
1.2 o —
3 L

o

Volume / x 10~3m?*

(i) Complete the table by describing each process in terms of pressurs and volume.
The. description for process A — B is already inserted. For each process state if
any work is done, and if so indicate if it is done on or by the gas. No calculations are
required. [5]

Work done

Process Description of process on / by gas (if any)

o>
A—B Increase in pressure at constant volume o X

© WJEC CBAC Ltd, (14200U30-1)
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Sticky Note

top rhs box:  No work done.

bottom rhs box: Work done by the gas.






7

(i) ~Determine the net work done on the gas during the entire cycle.

2z

(¢) The same mass of gas is taken around the cycle A — B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A

is shown in red on the graph below, together with the original path.

Pressure / x 10°N m=2
'

A

—

()  Show that the temperature is constant along the new path from C to i‘ [3]

(i)  Estimate the difference in the net work done in the two cycles. [2]

(owhag squaes:. ~ 200 Squars. //
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(b)

The first law of thermodynamics is given by:

AU=Q- W /
State what is represented by: \ [3]
AU il AA(MNJL W B Y Esgnnny fg} (rhs, Wb //
% f_ .’ * 2 et [
o Hﬁaﬁ Smmw/(- }_0 {;}'U"L- S‘-}AJ&M . y

! r : |
W Uﬂﬂ!’l Cf@M L\ tas. 6}1"{'\(’1’-’\_ X
J 0
A fixed mass of gas is taken around the closed cycle A —B — C — A.

Pressure / x 105N m=2

A
2.0 s < &

1.6

14 EE N E RN VI T

12—
oy o N R

o

Volume / x 10~3m?3

(i) Complete the table by describing each process in terms of pressure and volume.
The description for process A — B is already inserted. For each process state if
any work is done, and if so indicate if it is done on or by the gas. No calculations are
required. [8]

Work done
on / by gas (if any)

Na (o hv/

Process Description of process

A—B Increase in pressure at constant volume

- =

o7 s w.gJ{.’I, ow
B—-C . V f Gy A
Copban Pressire olwfm W (2ol e /
-fz_xwu’eum o~ Uoluw ogicv Wovh bj \/
C—oA i " 7 - '
Y Gos
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(i) Determine the net work done on the gas during the entire cycle. / [2]

(¢) The same mass of gas is taken around the cycle A — B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A
is shown in red on the graph below, together with the original path.

Pressure / x 103N m2
J

B

S e ] S

NNt

L e A

= N
Volume / x 10~3m?3
(i) Show that the temperature is constant along the new path from C to A. [3]

@x- PU=nkt
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Sticky Note

Incorrect calculation.



Sticky Note

No clear evidence of calculation of area, either by approximation or counting squares.










(@)

(b)

6
The first law of thermodynamics is given by:
AU=Q-W

State what is represented by: [3]
w—-""ﬁ

AU .. I €=

}-

0 .. neskaan. Revys ‘\_/ ______

w \norly dun, Ay i Sylrew T

A fixed mass of gas is taken around the closed cycle A - B — C — A.

Pressure / x 105N m=2

I 3
2

1.8E=

e '

1.2: ..::........:'.:..._........... I BN VNN AT PSS

10

B EE NN ) FHTEFIETNEE AN S A Sy EA vEESEEER [ I H

Volume / x 10~3m?3

(i) Complete the table by describing each process in terms of pressure and volume.
The description for process A — B is already inserted. For each process siate if
any work is done, and if so indicate if it is done on or by the gas. No calculations are

required. 5]
" Work done
Process Description of process on / by gas (if any)
Ne Wwew
- %
A—B Increase in pressure at constant volume @

/ e
\/ wierl, Ot \’ /

B—->C Cay 5?-4,/’ p/‘e}ng d’ed;zq)e b Va{b," o:\, 3QS

ra

Wor(‘ Jon \/
7 98

(}Q.Crtmc. 1N Prajun ‘\“UCML\/{V\,

C—A
VAT
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only
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Sticky Note

Increase (or change) in internal energy of a system.

Work done by the system.





7
(i) Determine the net work done on the gas during the entire cycle. \/ [2]

Ares. i b ¢
___________________ i A QheaL...=.. . IR Ve la Teagle, L/

(c) The same mass of gas is taken around the cycle A — B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A
is shown in red on the graph below, together with the original path.

Pressure / x 105N m=2
I\

18—\

1N —

e

TDJEiSSaSISELiRRINiniR INER ) SHN Hhies 0

e S B

Ho

Volume / x 10~3m?
(i) Show that the temperature is constant along the new path from C to A. [3]

Plr= ART A¥ A G)Clog)x‘ (?r(lo"?): T

v B Ca.g/- R =ceos7 g3

f?l/ Zr\'[fr Nale n:] T z C{627

MC 7,8 Check ot \-6 prossure /
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EBY &
Y Tiaarh | T Gl Toug nicedud

U M. il <781, N (R OO .. Sl S0 1 S - - ]'Eii;;i‘y ,d,{%,,..
(i) Estimate the difference in the net work done in the two cycles. [2]

Tr‘tpe,uqm fwie A = {&**QL‘ New Gret 2 5CC — 7
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(@)

(b)

The first law of thermodynamics is given by:

State what is represented by:

AU

AU=0Q-W

[3]

0

A fixed mass of gas is taken around the closed cycle A— B — C — A.

Pressure / x 10°Nm™2

/
20 ¢

1.8

1.6

1.4

1.2

1.0

i::: \

() Complete the table by describing each process in terms of pressure and volume.
The description for process A — B is already inserted. For each process state if
any work is done, and if so indicate if it is done on or by the gas. No calculations are

6 7 8

Volume / x 1073m3

[5]

required.
- Work done
Process Description of process on / by gas (if any)
A—B Increase in pressure at constant volume
B—-C
C—-A

© WJEC CBAC Ltd.

(1420U30-1)

Examiner
only






7

(i) Determine the net work done on the gas during the entire cycle. [2]

(¢) The same mass of gas is taken around the cycle A - B — C — A for a second time. For
this cycle the temperature is kept constant between C and A. The new path from C to A
is shown in red on the graph below, together with the original path.

Pressure / x 10°Nm™2

A
2.0 S - B
1.8
1.6 A
14—t W? -
1.2
1.0 1 | I
A
N
SEA L
4 5 6 7 8
Volume / x 1073m3
(i) Show that the temperature is constant along the new path from C to A. [3]
(i) Estimate the difference in the net work done in the two cycles. 2]

© WJEC CBAC Ltd. (1420U30-1) Turn over.
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4.

8

(@) Heatis supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the
physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]

B%omﬁmhMﬁﬁxppM,ﬂ«@gmhab \UGY.......
Ahertfoce....the...particles o) e gad.. bounce...cownd.
Ihe. co r\:ta,Lr\ﬂxc@L(_Lcwgw{meamaW
ANA...0... SUKFCCE. 6. tins._contacnal.. Wien.........
e at.. .. Juppleed,, the . pacticles. thn........
gam.. ....... UGy fro0A... 04 heak... and. Sl . to.....
uubmtcmﬁw@cmomvgowow(yfmq

G‘MM@guccm ...... L. A0 LU, CNLE ...
WOl O COULSOAS... (... QERr
poracles . a0 il A SULFAR... 8. AL

Of..0M.......
Lonta.cner,.. ﬂuywa((@fm%@(jowaj_ __

AL e 1YoV MUK cOMLALALL.. ‘. Qs =t
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(b) A container of fixed volume contains oxygen gas at a temperature of 293 K.

() Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms-'. Determine
their rms speed. [2]

__________ A0, 22008008 SRR

(i) Using an appropriate calculation, determine whether or not the rms speed calculated
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas
at this temperature. (Relative molecular mass of oxygen gas = 32.) [3]

(i) If the gas in the container is heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. [2]

® WJEC CBAC Ltd. (1420U30-1) Turn over.
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(a) Heatis supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the
physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]






(b) A container of fixed volume contains oxygen gas at a temperature of 293K.

(i) Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms~". Determine
their rms speed. (2]

—~0 . NOOSAT T ‘t:"\‘o:‘ t 3O R

A S AT S

(i)  Using an appropriate calculation, determin\gwhether or not the rms speed calculated
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas
at this temperature. (Relative molecular mass of oxygen gas = 32.) [3]

MEabbhs¥W ¥y

......... G-I T2 a0 - R
oo

B06xS Y e B L66X T XV

(iii)  If the gas in the container is heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. [2]

@ WJEC CBAC Ltd. (1420U30-1) Turn over.
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Heat is supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the

physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]

Mo spaed ot

,,,, [ We . tnomenkum  weudd..

_______________ xmmiwwgomumww
oF

4. (a)

@oound ot b W wele L Y7 JRRTC S Y ety ...

________________ MO\l . Plmmese LN Phe.  widls b A DAL...

% S Iferw ...... “w\crmw';;wﬂ?wfwz.&\su NCTRARA...
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(b) A container of fixed volume contains oxygen gas at a temperature of 293 K.

(i) Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms~". Determine
their rms speed. [2]

..............................................................................................................................

(i)  Using an appropriate calculation, determine whether or not the rms speed calculated
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas
at this temperature. (Relative molecular mass of oxygen gas = 32.) [3]

_____ %K‘)—b‘?(a«\oq‘lt?fmu%m%

(i) If the gas in the container is heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. [2]

....... I. 45 QT4 AV.EY ()‘?»K\Hiﬁ-)‘”
(& = 1334944 e
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Question

Marking details

Marks available

AO1

AO2 AQO3

Total

Maths

Prac

4 1(a)

Increase in temperature - kinetic theory effects

Molecules move randomly

Collisions become more frequent [when heat supplied]

[No change in volume so heat flowing in] causes increase in U /
kinetic energy

No work done [as constant volume]

T increases with U as temperature proportional to U, or equivalent

Newton's laws of motion

Momentum of molecules increase

Force on molecules = rate of change of momentum (during
collision with wall)

Force on wall is equal and opposite to force on molecules
Greater forces during the collisions

Increase in pressure

Molecules collide with walls exerting force on walls and / or
pressure

Pressure increases with temperature

Pressure = force on walls per unit area

Mean pressure due to many collisions [and many molecules]

5-6 marks

Comprehensive account including reference to increase in
temperature, Newton's laws of motion and increase in pressure.
There is a sustained line of reasoning which is coherent, relevant,
substantiated and logically structured.

3-4 marks

Comprehensive account including reference to 2 out of 3 of
increase in temperature, Newton's laws of motion and increase in
pressure or brief account of all 3 areas.

There is a line of reasoning which is partially coherent, largely
relevant, supported by some evidence and with some structure.

© WJEC CBAC Ltd.






Marks available

uestion Marking details
Q g AOL | AO2 | AO3 | Total | Maths | Prac

1-2 marks
Comprehensive account including reference to one of increase in
temperature, Newton's laws of motion and increase in pressure or
limited account of 2 areas.
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.

(b) (I) 4002+4252+4502+5502+6252
rms = - Q)
=497[ms™] (1) 2 2 2

(ii) | The expected rms is explained by:
PV=nRT so P="%
-3
p =mass/V = n (M;x1077) use of both equations by substitution (1) 1
substitute these into: P = é pcZ; Jez = \/3;;
\/_ nRT 3RT
v n(er10 3) (M;x1073)
~ _ [3(831)(293) _ 1
Jez = Y — 478 [ms™] (1) 1
Valid conclusion with data i.e. yes, the rms speed of the five
molecules is slightly higher [about 4% above the expected rms of 1 3 3
the gas] (1) ecf
Alternative solution: Use mc? = 3kT
ﬁ _ [3KT _ [3(1.38x10723)(293)
¢ = T\ Goaesxio)

with sensible substitution (1)= 478 [ms™] (1)

© WJEC CBAC Ltd.






Question

Marking details

Marks available

AO1l AO2 AQO3 Total Maths Prac
(iii) | Density does not change and
Pressure increases from the original pressure pto 1.2p (1) i.e. an
increase of 20%.
o)
— 3(1.2

( \/E) _ ’ (1.2p)

new P
(V) = \/1.2\/i = V12 (478) =524 mst (1) 2 2 2

new P
Question 4 total 6 5 2 13 7 0

© WJEC CBAC Ltd.











4.

8

(@) Heatis supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the
physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]
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Sticky Note

 Gives a limited account of the effects of kinetic theory and mentions particle collisions with the container leading to increased pressure.  There is a basic line of reasoning but with some incorrect/irrelevant information.





(b) A container of fixed volume contains oxygen gas at a temperature of 293 K.

() Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms-'. Determine

their rms speed. [2]
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S

(i) Using an appropriate calculation, determine whether or not the rms speed calculated
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas
at this temperature. (Relative molecular mass of oxygen gas = 32.) [3]

(i) If the gas in the container is heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. (2]
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Sticky Note

Incorrect method / formula to determine the rms speed.



Sticky Note

No evidence of using the relevant equations. No comparison with answer to b) i).



Sticky Note

No evidence of understanding that the pressure has increased to 1.2 times its original value. Incorrect answer.










4,

e oubdeae,  Due o W adddhiona)  neat  ew >
ey ’.. 5 %) I/

8

(a) Heatis supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the
physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]




Sticky Note

Comprehensive account covering relevant points in:  increase in temperature – kinetic theory effects, Newton's laws of motion, increase in pressure.  Some scope to improve coherence and flow.





Examiner
(b) A container of fixed volume contains oxygen gas at a temperature of 293K. oy
(i) Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms~". Determine
their rms speed. 21| 2~
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(i)  Using an appropriate calculation, determin\e\whether or notthe rms speed calculated
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas
at this temperature. (Relative molecular mass of oxygen gas = 32.) [3]
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(iii)  If the gas in the container is heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. [2]
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4.

(@) Heatis supplied to an ideal gas in a sealed container of fixed volume. Explain carefully the
physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]
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Sticky Note

Gives a limited account of increased temperature - kinetic theory, Newton's laws of motion and increased pressure.  Reasoning is partially coherent and the description has some structure, but information is generally lacking.





(b)

A container of fixed volume contains oxygen gas at a temperature of 293 K.

(i) Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms~". Determine

their rms speed. 124

(i)  Using an appropriate calculation, determine whether or not the rms speed calculated
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas
at this temperature. (Relative molecular mass of oxygen gas = 32.) [3]
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(i) If the gas in the container is heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. -2}
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Sticky Note

No evidence of understanding rms speed.



Sticky Note

Incorrect working and answer.  Valid conclusion with ecf for both the answer and the answer to b) i).



Sticky Note

No evidence of understanding that the pressure has increased to 1.2 times its original value, and no evidence for the use of the appropriate formula.
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4. (a) Heatissuppliedto anideal gas in a sealed container of fixed volume. Explain carefully the o

physical processes that cause an increase in the temperature and pressure of the gas.
[6 QER]
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(b) A container of fixed volume contains oxygen gas at a temperature of 293K.

(i) Five oxygen molecules have speeds 400, 425, 450, 550 and 625ms~". Determine
their rms speed. [2]

(i)  Using an appropriate calculation, determine whether or not the rms speed calculated
in part (b)(i) is consistent with the expected rms speed of the molecules of the gas
at this temperature. (Relative molecular mass of oxygen gas = 32.) [3]

(iii)  If the gas in the container is heated and the pressure of the gas increases by 20%
of its initial value, determine the rms speed of the molecules of the gas. 2]
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7. Answer the following questions in your own words. Direct quotes from the original article will not
be awarded marks.

(@ In your own words explain what a megamaser is and how it works. (See paragraphs 1, 4,
7 and 8.) [5]
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(b) = If the lifetime of a metastable level leading to visible light is 2 us, estimate the lifetime of a
22.235GHz maser transition. (See paragraph 2.) [3]
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|
(¢) The recessional velocity of the galaxy used in paragraph 10 is 3300kms~". Use Hubble’s| "
law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H, in paragraph

10. There is no need to change the units.) [2]

(d) What does the author mean by “We can also measure the centripetal acceleration, a, of

maser clouds by observing how the Doppler shift velocity changes over time’? (See
paragraph 9.)
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(e) () Doppler shift measurements are obtained for a gas disk orbiting a black hole.
The orbital velocity of gas around the black hole is measured as 410 km s~ and
the acceleration of the gas disk is measured as 6kms™" per year. Calculate the
distance of this region of the gas disk from the black hole. (See paragraph 9.) [3]
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(i) The angular size (0) in radians of the gas disk is measured as 5.1 x 107° rad
+ 10% and its distance from Earth is measured as 1.53 x 102°m * 10%. Evaluate
whether or not these values are consistent with your calculation in part (e)(i). (See
Diagram 2.) 4
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|
7. Answer the following questions in your own words. Direct quotes from the original article will not o

be awarded marks.

(@ Inyour own words explain what a megamaser is and how it works. (See paragraphs 1, 4,
7 and 8.) [5]
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(b) If the lifetime of a metastable level leading to visible light is 2 us, estimate the lifetime of a
22.235GHz maser transition. (See paragraph 2.) [3]
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(¢) The recessional velocity of the galaxy used in paragraph 10 is 3300kms~'. Use Hubble's

law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H, in paragraph
10. There is no need to change the units.) [2]

(d) What does the author mean by “We can also measure the centripetal acceleration, a, of
maser clouds by observing how the Doppler shift velocity changes over time”? (See

paragraph 9.) [3]
i DOPPV L Ve \OCi kY. can be...measued
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(e) (i) Doppler shift measurements are obtained for a gas disk orbiting a black hole.

The orbital velocity of gas around the black hole is measured ms~ and
the acceleration of the gas disk is measured as 6kms~ T cUlate the
distance of this region of the gas disk from the black hole. (Se
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(i) The angular size (0) in radians of the gas disk is measured as 5.1-x 10~° rad
+ 10% and its distance from Earth is measured as 1.53 x 1023m + 10%. Evaluate
whether or not these values are consistent with your calculation in part (e)(i). (See
Diagram 2.)
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Answer the following questions in your own words. Direct quotes from the original article will not
be awarded marks.

(@ In your own words explain what a megamaser is and how it works. (See paragraphs 1, 4,
7 and 8.)

O\N\UD/

m -
(b) If the lifetime of a metastable level leading to visible light is 2 us, estimate the lifetime of a
22.235GHz maser transition. (See paragraph 2.) [3]
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(c) The recessional velocity of the galaxy used in paragraph 10 is 3300kms™". Use Hubble’s
law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H in paragraph
10. There is no need to change the units.) [2]

(d) What does the author mean by “We can also measure the centripetal acceleration, a, of
maser clouds by observing how the Doppler shift velocity changes over time™? (See
paragraph 9.)

..................................................

(e) (i) Doppler shift measurements are obtained for a gas disk orbiting a black hole.
The orbital velocity of gas around the black hole is measured as 410kms™ and
the acceleration of the gas disk is measured as 6kms™ per year. Calculate the
distance of this region of the gas disk from the black hole. (See paragraph 9.) [3]
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(i) The angular size () in radians of the gas disk is measured as 5.1 x 10~° rad
+ 10% and its distance from Earth is measured as 1.53 x 102°m * 10%. Evaluate
whether or not these values are consistent with your calculation in part (g)(i). (See
Diagram 2.)
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Question

Marking details

Marks available

AO2 AQO3

Total

Maths

Prac

NCY

Microwave laser or amplifier or equivalent (1)

from water [molecules] or water clouds or steam (1)

in gas disk around (supermassive) black hole (or quasar) (1)
pumping or excitation provided by collisions (accept light) (1)
(em radiation) propagates outwards (away from black hole) or
reference to population inversion (1)

Treat as neutral reference to watermaser.

(Don't award the individual marks if later contradicted)

N

(b)

Appropriate wavelength or energy or frequency chosen

e.g. 400 nm-700 nm or 2-3eV or 4-8 x 10 Hz (1)

Valid method for obtaining ratio of frequencies, wavelength or
energy (1)

Answer 35m[s] — 80m]s] (1)

=

(€)

3300
—(1
68.9 @)

48 [Mpc] (1)

(d)

Measure the velocity using Doppler shift or use of Doppler
equation (1)

at different times (1)

acceleration = rate of change of velocity (1)

Alternative:

Measure the velocity using Doppler shift (1)

Obtain vy (1)

2

v .
a=—"%or equivalent e.g. use v and r to calculate a (1)
r
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Marks available

ti Marking detail
Question arking details AO1L | AO2 | AO3 | Total | Maths | Prac

(e) (i) 2

Use of r =V—(1)
a

Acceleration conversion i.e. /365/24/3600 (1) 3 3 3
Answer = 8.8 x 10™ [m] or 8.8 x 10" k[m] (1)

W Approximation used i.e. D = g (1)

Answer = 7.8 x 10 [m] (1)

Hence consistent (since overlap) i.e. valid conclusion based on
calculations (1)

Comparing e.g. 1.53 £ 0.15 and 1.73 + 0.17 but also accept
combined error = 20% or 8.8 x 10™ is less than 20% bigger than 4 4 2
7.8 x 10" (1)

Question 7 total 4 6 10 20 9 0

16
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7. Answer the following questions in your own words. Direct quotes from the original article will not
be awarded marks.

(@ In your own words explain what a megamaser is and how it works. (See paragraphs 1, 4,
7 and 8.) [5]
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(b) = If the lifetime of a metastable level leading to visible light is 2 us, estimate the lifetime of a

22.235GHz maser transition. (See paragraph 2.) 3
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Sticky Note

Reference made to three of the relevant points, but not to water (molecules) or population inversion.



Sticky Note

Incorrect method and no evidence of using appropriate wavelength/frequency for visible light.





(¢) The recessional velocity of the galaxy used in paragraph 10 is 3300kms~"'. Use Hubble's
law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H, in paragraph
10. There is no need to change the units.) [2]

(d)

_______ Acee.
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21

What does the author mean by “We can also measure the centripetal acceleration, a, of

maser clouds by observing how the Doppler shift velocity changes over time"? (See
paragraph 9.) / [3]

ehrakaon. (... the . chenge in

() Doppler shift measurements are obtained for a gas disk orbiting a black hole.
The orbital velocity of gas around the black hole is measured as 410kms~" and
the acceleration of the gas disk is measured as 6kms™ per year. Calculate the
distance of this region of the gas disk from the black hole. (See paragraph 9.) [3]
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Sticky Note

No mention of measuring velocity using Doppler shift and of measuring the velocity at different times.  Mark given for the definition of acceleration.
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(i) Fhe angular size (0) in radians of the gas disk is measured azsﬂﬁx 107° rad

(+10% and its distance from Earth is measured as 1.53 x 1022m & 10%. Evaluate
r or not these values are consistent with your calculation in (e)(i). (See

Diagram 2.) [4] @

Yoo bvey. | [2-
20

END OF PAPER
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Sticky Note

Uncertainties in both parameters were not combined to give an overall uncertainty of 20%.  Conclusion consistent with the use of 10%.
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7. Answer the following questions in your own words. Direct quotes from the original article will not o

be awarded marks.

(@ Inyour own words explain what a megamaser is and how it works. (See paragraphs 1, 4,
7 and 8.) [5]
............................ A mOser. no.siak. Yoo daser . bul uaeA
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(b) If the lifetime of a metastable level leading to visible light is 2 us, estimate the lifetime of a \
22.235GHz maser transition. (See paragraph 2.) —3t @}
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Sticky Note

Almost all points covered, but no mention of population inversion.



Sticky Note

Incorrect method and no evidence of using appropriate wavelength/frequency for visible light.





21

(¢) The recessional velocity of the galaxy used in paragraph 10 is 3300kms~'. Use Hubble's

law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H, in paragraph
10. There is no need to change the units.) [2]

(d) What does the author mean by “We can also measure the centripetal acceleration, a, of
maser clouds by observing how the Doppler shift velocity changes over time”? (See

paragraph 9.) [3]
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(e) (i) Doppler shift measurements are obtained for a gas disk orbiting a black hole.

The orbital velocity of gas around the black hole is measured ms~ and
the acceleration of the gas disk is measured as 6kms~ T “ulate the
distance of this region of the gas disk from the black hole. (Se
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Sticky Note

No mention that the velocity required for the centripetal acceleration formula is the maximum velocity measured using the Doppler shift.
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(i) _TFhe-angular-size (6) in radians of the gas disk is measured as 5.1-x 10° rad
/" (+ 10%)and its distance from Earth is measured as 1.53 x 1023E<i 10%, Evaluate
er or not these values are consistent with your calculation 1 (e)(i). (See

[

Diagram 2.)

END OF PAPER
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Sticky Note

Uncertainties in both parameters were not combined to give an overall uncertainty of 20%.  Conclusion not consistent with using 10%.










20
7. Answer the following questions in your own words. Direct quotes from the original article will not
be awarded marks.

(@ In your own words explain what a megamaser is and how it works. (See paragraphs 1, 4,
7 and 8.)

0\ -
(b) If the lifetime of a metastable level leading to visible light is 2 us, estimate the lifetime of a
22.235GHz maser transition. (See paragraph 2.) [3]

A e T g

=

® WJEC CBAC Ltd. (1420U30-1)

Examiner
only

o




Sticky Note

Almost all points covered, but no mention of population inversion.
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(c) The recessional velocity of the galaxy used in paragraph 10 is 3300kms™. Use Hubble’s
law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H; in paragraph
10. There is no need to change the units.) [2]

(d) What does the author mean by “We can also measure the centripetal acceleration, a, of
maser clouds by observing how the Doppler shift velocity changes over time™? (See
paragraph 9.)

.....................................................................

(e) (i) Doppler shift measurements are obtained for a gas disk orbiting a black hole.
The orbital velocity of gas around the black hole is measured as 410kms™ and
the acceleration of the gas disk is measured as 6kms™ per year. Calculate the
distance of this region of the gas disk from the black hole. (See paragraph 9.) [3]
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Sticky Note

No mention that the velocity required for the centripetal acceleration formula is the maximum velocity measured using the Doppler shift.



Sticky Note

Mark given for the conversion of the unit of acceleration. Converted value was not substituted, and no result given.
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(i) The angular size () in radians of the gas disk is measured as 5.1 x 10~° rad
+ 10% and its distance from Earth is measured as 1.53 x 102°m * 10%. Evaluate
whether or not these values are consistent with your calculation in part (g)(i). (See
Diagram 2.)
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Sticky Note

Correct working but it was not possible to comment if consistent with part e) i).
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Examiner
[
7. Answer the following questions in your own words. Direct quotes from the original article will not o

be awarded marks.

(@) In your own words explain what a megamaser is and how it works. (See paragraphs 1, 4,
7 and 8.) (3]

(b) If the lifetime of a metastable level leading to visible light is 2 us, estimate the lifetime of a
22.235GHz maser transition. (See paragraph 2.) [3]
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(c) The recessional velocity of the galaxy used in paragraph 10 is 3300kms~". Use Hubble’s
law to calculate the distance of the galaxy in Mpc. (N.B. use the value of H in paragraph

10. There is no need to change the units.) 2]

(d) What does the author mean by “We can also measure the centripetal acceleration, a, of
maser clouds by observing how the Doppler shift velocity changes over time”? (See

paragraph 9.) (3]

(e) (i) Doppler shift measurements are obtained for a gas disk orbiting a black hole.
The orbital velocity of gas around the black hole is measured as 410kms~" and
the acceleration of the gas disk is measured as 6kms~"' per year. Calculate the
distance of this region of the gas disk from the black hole. (See paragraph 9.) [3]
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(i) The angular size () in radians of the gas disk is measured as 5.1 x 10~° rad o
+ 10% and its distance from Earth is measured as 1.53 x 1023m * 10%. Evaluate

whether or not these values are consistent with your calculation in part (e)(i). (See
Diagram 2.)
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END OF PAPER
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