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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

This guide includes some examples of student responses to a selection of
guestions from the summer 2018 PHO2 unit.

The question parts are reproduced, along with the final mark scheme,
student responses and a commentary from the Lead Examiner on each of
the students’ answers.

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved.



INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

QUESTION

02

. The work function of copper is 4.65 V.

Explain the meaning of the term work function.
[1 mark]

@ Determine the threshold frequency for copper.

[3 marks]

EI Electromagnetic radiation of frequency 850 THz is incident on a sheet of clean
copper.

Explain whether photoelectrons will be emitted from the surface of the copper.
[2 marks]

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved. 3



INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
02.1 minimum energy to remove an electron from the surface of a 1
copper/metal v
022 | 4.65x1.60+107"°=744x107° (1) v 3
19 Allow 2™ mark only for failure to convert work function into
Useof f=2 (ﬂ ) v joule.
k \6.63x1073*
1.12x10% (Hz) v
02.3 850x10" Hz 2 Power of ten must be seen; do not allow SI prefix.
OR
photon energy = 3.5 ¢V seen v Must give a reason.
no photoelectrons emitted because f below threshold frequency Comparison may be in joule.
OR Allow valid conclusion based on an incorrect conversion of
) THz or an ecf from their 2.2
no photoelectrons emitted because photon energy below ¢ v
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

[0]2][1] Thework function of copper is 4.65 cV.

Explain the meaning of the term work function.
[1 mark]

InAR LS %%_MA.L'EQ libarake aw |

electbin  ov  tee veisanve by Qurface .

[0]2].[2] Determine the threshold frequency for copper.
Upar = - 88 mansl

k.65 %\ bxve' Y = 6-&3:'@31'{:.

6+ W -0

B = WE £

threshold frequency = |, 12 xo'S Hz

E Elactromagnetic radiation of fraquency 850 THz is incident on a sheet of clean

copper.

Explain whether photoelectrons will be emitted from the surface of the copper.

: 1y [2 marks]
fsox 0™ = BEwe He

T vepnired e wait dgq_hwu'wm, i

_ ey
s ul‘\.-:.'i‘ %50 TH:. v lswer L0 “‘*_‘““'&""*

W e "!'\ma wen't be wmitbed oy the ‘rﬂqubg_

L

EXAMINER COMMENTARY

This is an accurate and convincing set of solutions. The explanation in 2.1
is clear and makes the clear point that the work function represents a
minimum energy to remove the electron. The use of the word “surface” is
also important in this explanation. Too often students will write about the
“removal of an electron” leaving the examiner in doubt as to whether
ionisation is implied in the answer.

Although the student does not use the normal symbols in the photoelectric
equation in 2.2, the meaning and usage is clear and the conversion to joule
from electronvolt is reasonably clear too.

In 2.3 there is some confusion as the threshold frequency lacks its unit.
Nevertheless, there is a clear chain of argument together with work to show
the meaning of GHz so both marks are awarded.

6 marks awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT B

[0]2].[1] The work function of copper is 4.65 eV.

Explain the meaning of the term work function.
[1 mark]

WOMK fuaction e 15 the minimuv onerqy peoclesl e

. E] Delermine the threshold frequency for copper.

3 marks
T Th T kb3 xe it 5 N I2EN 1Y

threshold frequency = A2 X [0 43 Hz

m Electromagnetic radiation of frequency 850 THz is incident on a shest of clean
COpPEr.

Explain whether photoelectrons will be emitted from the surface of the copper.
[2 marks]

e Photobectwons Wil pot be emidled. pecance the

£requen o s} electMmidiotic baditution, 1S smaller thon.

EXAMINER COMMENTARY

2.1 and 2.2 gain full credit. The solution in 2.2 is however less convincing
than that from student A. The symbols are undefined and thereis no
underlying explanation of the solution. This is a “determine” question and
the expectation for the answer for a question with this command verb is
that a full explanation should be given.

The answer to 2.3 is not supported by statements of the frequencies in
guestion, in particular with respect to the conversion of the radiation
frequency to standard form. No credit is awarded given this important
omission.

4 marks awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

QUESTION
03
A 0.20 kg mass suspended from a vertical spring makes 10 oscillations in a time of
51s.

Calculate the spring constant.
[3 marks]
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
03 T=051(s) v 3
d d
Use T=2m J% in either substitution or re-arrangement v Condone use of 5.1 for T for 2™ and 3™ mark
30(Nm™) v
(Nm™) 2 marks for 0.30 (N m™)
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A
A 0.20 kg mass suspended from a vertical spring makes 10 oscillations in a time of
3.1 s.

Calculate the spring constant. g |2y, - , )¢ [3 marks]
T= ‘7?'0%
oXlst- 23’5;?
].027 = |2
Lﬂfdr%gﬁﬁ_ y
bzo. Bj?gr(n spring constant= . »)9 Nm!

F

EXAMINER COMMENTARY

The solution begins well, but in an unexplained way, with a calculation of
the time period of the oscillation. Between lines 3 and 4 there is an error in
the manipulation of the equation with the factor of 2 being lost and =

appearing incorrectly. This leads to an incorrect answer and credit only for
the first mark.

1 mark awarded.

STUDENT B
_____________________ - S
outside
! 0 3 ] A 0.20 kg mass suspended from a vertical spring makes 10 oscillations in a timeof
5.1s. |
Calculate the spring constant.
2 [3 marks]
i = iy
S T= 22k
TR TS 0,20
| A T

A ok= 30.4 AM7
| 1
spring constant = 30 4 Nm™ | 3

EXAMINER COMMENTARY

The re-arrangement of the equation is not completely set out, but the

answer is correct and therefore the manipulation must have been correct.
Full credit is given.

3 marks awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

QUESTION
05
A stretched sfring of mass 3.3 = 107 kg and length 0.75 m vibrates at the first

harmonic when the tension in the string is 20 N.

Calculate the frequency of the first harmonic.
[3 marks]
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
m
05 Useof u =7 3
-2
(% OR 4.4%10" kgm™ scen) v
itution into f = = | (eo —_ [i Allow use of m (3.3x10™) for u for this mark
Substitution into f _zlJ; (eg XT3 1o ) v ( ) for
f=45(Hz) v Allow 2 marks for 52 Hz (ie use of m)
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

A stretched string of mass 3.3 x 10~ kg and length 0.75 m vibrates at the first
harmonic when the tension in the string is 20 N,

Calculate the frequency of the first harmenic.

:F.'_- "j‘% [Z-[_L‘ [3 marks]
: T S

=I] 4 Ha

frequency = __}"fi Hz

EXAMINER COMMENTARY

This student has failed to appreciate that the symbol xin the equation for
frequency represents the mass per unit length of the string, not the mass
itself. The final two marks in the scheme are awarded as an error carried
forward but the first mark is lost.

2 marks awarded.

STUDENT B

A stretched string of mass 3.3 * 10 kg and length 0.75 m vibrates at the first
harmonic when the tension in the string is 20 N.

Calculate the frequency of the first harmonic.

k
e e %: A T {T \ 1o£3ma s]
yaY I (2ygexs) oy~ 5

20=(33x« la‘a) (o)

g - 1bavy
s B frequency = 16.4 Hz
EXAMINER COMMENTARY
Student B also fails to appreciate that 4 = String mass losing the first

string length
mark. This was an error that was common in the scripts and shows the
need for students to be well versed in both the meaning of the symbols in
equation and also the conceptual basis for them. This student has also
invoked a form of Newton’s second law but the way in which this has been
incorporated into the solution is not clear. The final answer is wrong, losing
the third mark from the scheme.

1 mark awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

QUESTION
06
Figure 3 shows a circuit used to determine the emf and internal resistance of a cell.

Figure 3

Figure 4 shows the variation of the voltmeter reading with current in the circuit as the
variable resistor is adjusted.

Figure 4
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

. The circuit contains an ideal voltmeter and an ideal ammeter.
State the resistance of an ideal voltmeter.
[1 mark]
@ Show that the internal resistance of the cell is approximately 0.8 Q.
[1 mark]
E The variable resistor is adjusted until the current in the circuit is 2.10 A
Calculate the resistance of the variable resistor.
[3 marks]
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
06.1 infinite v 1 Condone “very large”
06.2 Evidence of using graph to get gradient 1 Must be a correct pair of coordinates.
OR

use of intercept (2 V) and a data pointeg (1. 1.2) v

06.3 E=200(V) v 3 | Alternative method:

Substitution into E =I(R + r) (eg candidate's E =2.1(R+0.8) ) v Deduce pd correctly (0.32 V) and substitute into
R=VI=0321/21

5 v
0.15(2) (&) Allow reasonable range for data extraction

Allow 1 max for any extrapolation done by extending the
grid and line but reward a “mathematical” extrapolation
such as using similar triangles.

OR
Total R=2.00/2.1 =0.95 v
R=095-08Vv

0.15(2) () v
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

|I| The circuit contains an ideal voltmeter and an ideal ammeter.

State the resistance of an ideal voltmeter.

[1 mark]
Lol I-5S = 925 S0
L 6-2
E Show that the intemal resistance of the cell is approximately 0.3 2.
[1 mark]
Ve LB
[0]6].[3] Thevariable resistor is adjusted until the current in the circuit is 2.10 A.
Calculate the resistance of the variable resistor.
[3 marks]
=03
A ! -
1z 10 =V &:.,ﬁ__}’__: a-i < 0. 143
I 21
3 8.

EXAMINER COMMENTARY

Student A carries out an unnecessary calculation to determine the
resistance of the voltmeter not understanding the implication of the word
“ideal” in the question. The physics of the calculationis, of course,
incorrect. No credit can be given.

Question 6.2 shows a mis-reading. The valid of V quoted is the read-off for
a current of 0.80 A. No credit.

In 6.3 the graph shows a common error where the student has extended
the line beyond the limits of the grid. This is not a valid piece of
manipulation: data from a graph should be restricted that obtained from the

grid area. There is partial credit for the use of R = T in this question. Note

that it is usually necessary for the equation from the Formulae sheetto be
manipulated or re-arranged for a mark to be awarded. A quotation direct
from the sheet with no further working does not usually score.

1 mark awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT B

[0]6 .[1] The circuit contains an ideal voltmeter and an ideal ammeter.

State the resistance of an ideal voltmeter.

[1 mark]
Lnginity
Iz| Show that the internal resistance of the cell is approximately 0.5 £2.
[1 mark]

Q40— 85 - —O-5056 — 05065
3-8 = O

E The variable resistor is adjusted until the current in the circuit is 2.10 A.

Calculate the resistance of the variable resistor.

em _ .100 V [3 marks]

=\ (R4r) —€=1f 4 lr— a%(_,f

_ 72.00 — (zlleO-S()Eb)
bz 210
= O \4063

resistance = O ‘ \ b _ Q

EXAMINER COMMENTARY

All parts of this question are reasonably, but notcompletely, answered. In
6.1 the word “infinity” is stark and students should be aiming for a
minimum answer of “infinite resistance”. There is little explanation in 6.2.
The final step “-0.8056 =0.80556 Q" is poorly expressed and there is no
final statement to indicate that the obtained value for r is identical to the
“showthat” value.

6.3 is better with a statement of the equation in use and a final clear
rounding to two significant figures at the end.

Nevertheless all answers are correct and no marks are lost.

5 marks awarded.

Copyright © 2019 Oxford Inter national AQA Examinations and its licensors. All rights reserved. 17



INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

QUESTION

07.3 AND 07.4

n A signal generator causes a loudspeaker to emit continuous sound waves of constant
frequency f. A microphone placed 5.0 m away from the loudspeaker detects the
sound waves. A dual-trace oscilloscope displays the output from the signal generator
and the output from the microphone at the same time.

The speed of sound in air is 340 m s
Figure 5

signal generator oscilloscope

AE

loudspeaker microphone

El The oscilloscope shows a phase difference between the sound waves emitted by the
loudspeaker and the sound waves arriving at the microphone.

Calculate in degrees the phase difference.
[1 mark]

. The phase difference can be reduced to zero by increasing the frequency of the signal
generator.

Determine the minimum increase required in the frequency of the signal generator to
make the phase difference zero.

[4 marks]
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME

Question Marking guidance Mark Comments
07.3 |72 or 288 (degrees) v 1
07.4 Recognition that 13 cycles are needed 4

New / = 0.385 (m) ie. 23

OR newT = 1'461(310_2 v
New f= 884 (Hz) v Allow for rounding errors
their new f- 870 (Hz) v Their new f must be greater than 870.

Allow use of their 7.2
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

IIJ The oscilloscope shows a phase difference between the sound waves emitted by the
loudspeaker and the sound waves arriving at the microphone.

Calculate in degrees the phase difference.

[1 mark]
2.4 5
r b Dl’kﬂ
L =0.018r
!r_‘_; L= A
phase difference = Fer ‘L'_'IGQ degrees

E The phase difference can be reduced to zero by increasing the frequency of the signal

generator.
g

Determine the minimum increase required in the frequency of the signal gensrator to
make the phase difference zero.
[4 marks]

f-'\ YN
2710 ¢ 25 1.8

e G
FM e vt Y
= 783.569 Vewe O floae
= 8B . ¢ A erence .

383.6 ~837® = 'y ¢

minimum increase in frequency = R g Hz

EXAMINER COMMENTARY

The solution to 7.3 shows little understanding of the significance of 0.8
cycle. The presence of the figure 5 in the ratio is obscure and thereis no
further credit after this point.

Equally, the working in 7.4 is difficult to follow. The student is apparently
following route 1 in the mark scheme (predicting the frequency for 13
cycles). However, the answer is correct and full credit is given.

4 marks awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT B

lil The oscilloscope shows a phase difference between the sound waves emitted by the
loudspeaker and the sound waves arriving at the microphane.

Calculate in degrees the phase difference.
[1 mark]

0.§x360 =245 "

phase difference = )88 ) degrees

[0[7].[4] The phase difference can be reduced 1o zero by increasing the frequency of the signal
generator.

Determine the minimum increase required in the frequency of the signal generator to
make the phase difference zero.
o 0 1] [4 marks]

—

H= e R

£

s

Ts= -——-D'“‘(;" — f-!%lxm-‘j

fr o= Gar= 804202 .

§8¢. 2 - G711 = 3.2 A2

minimum increase in frequency = _!i.l_ ) B Hz

EXAMINER COMMENTARY

There is little explanation of the method but the answer is correct. (The
student is evaluating the fraction of 360° represented by 0.80 of a cycle.)

In 7.4 the alternative method to that used by student A is seen. Once again,
there is little explanation but the essential points required in the mark
scheme are present.

5 marks awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

She sets up the experiment as shown in Figure 6.

Figure 6

diffraction grating

N

screen

laser source

n=1
n=0
n=1
n=2

Table 1 shows the results.

QUESTION
08
A student wants to determine the wavelength of laser light using a diffraction grating.

not to scale

The student observes five maxima of light on the screen. To determine the angle
between each maximum and the zero-order maximum, she measures:

+ the distance D between the screen and the diffraction grating
* the separation y of each maximum from the zero-order maximum.

Table 1
n D/m yim
1 2.000 0.878
2 2.000 2.704

IIl Figure 6 has an angle marked o.

Show that a is approximately 24°

[1 mark]
Izl The diffraction grating has 600 lines per millimetre.
Calculate the wavelength of the light.
[3 marks]
El Explain how a second-order maximum occurs on the screen.
[3 marks]
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME
Question Marking guidance Mark Comments
08.1 tan 6 = 0.878/2.000 (= 23.7°) v 1
_ —0

08.2 d=1.67<107(m) ¥ 3 Condone power of ten error in d for 1% and 2™ marks
Substitution into 4 = d'sin 6 OR /=222 v
672107 (m) OR 6,81 0 (m) v Accept other values if appropriate unit given (eg 670 nm)

08.3 Allow appropriate marking points if clear on a diagram eg
light from different slits overlaps (because of diffraction) v max 3 | light diffracting from slits; 2 A path difference

two wavelength path difference (from adjacent slits) v

(resulting in) zero phase difference (at screen) OWTTE v

constructive interference occursy”
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

[0]8].[1] Figure 6 has an angle marked c.

Show that a is approximately 24°

[1 mark]
Df-'TUJU\ =3 r 0
T Z BT 24
sy b A 24 woa dvey LW Ml wrgiey
@ The diffraction grating has 600 lines per millimetre.
Calculate the wavelength of the light.
[3 marks]

wavelength = V% [g‘“ m
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

[0]8].[3] Expliain how a second-order maximum occurs on the screen.
[3 marks] |

S ENEE ' |

. [
Sarre éﬁ\km D Erava bn gty of Jler ek Gonl
o e wth . N e vewss  pe Wl b s i».W}n

Yo Sler,  whin Gagn & Swede srdor Cwaotinapea ! sn

W W K. 0 mimuee, 5o 1S o boadt dig,

ol fuopes seec e dh pak & M v et ples

G 5“!!" N“&ndiv«\-v, pr T b g.mtb p
EXAMINER COMMENTARY

In 8.1 there is no attempt at the required trigonometric solution. The solution
to 8.2 involves the spurious use of c=fA. A mark might have been available
for a correct conversion of the number of grating lines per millimeter into a
grating spacing but this was left with a power of ten error and in surd form.
There appearsto be confusion with polarisation ideas in 8.3 but there is
some credit for the idea that a bright (maximum) fringe correspondsto the
overlapping waves being in phase.

1 mark awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT B

Show that «t is approximately 24°

u
tanc = 5

[1 mark]

5 3 - O ?78 - 2
o K= tan L'__;,:) - 1?77

E’ The diffraction grating has 600 lines per millimetre.

Calculate the wavelength of the light.

-3
d’= ' bejo w I éé? X o -é

dsnmg =h v

A = .r.se‘rxm"’xsr‘nm'
[
= b8 xip0”

[3 marks]

5
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

E Explain how a second-order maximum occurs on the screen.
[3 marks]

Fhe wonse ¢ e—grectic  Ofraction occul after
passing thongh, e gay . and the waies oonstuctiye.
with enaeh sther MWW opelap on

the Goreen .

EXAMINER COMMENTARY

The solutions for 8.1 and 8.2 are completely correctand explain the
student’s work well. The answer to 8.3 is however too general in its
approach. The mention of “...a second-order maximum...” implies that
specific reference must be made to this particular case. While it is true that
diffraction occurs in the space between the grating and the screen, this is
not material to the answer. The last part of the sentence dealing with the
waves interfering is too vague for credit.

4 marks awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

QUESTION
09.1
Figure 7 shows the spectrum from an X-ray tube. The two peaks, labelled K, and K,
correspond to the production of characteristic X-rays.
Figure 7
ry
Ky
relative
X-ray
intensity Kp

b

wavelength

v

IIl Explain how characteristic X-rays are produced in an X-ray tube.
[3 marks]
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

MARK SCHEME

Question Marking guidance Mark Comments

09.1 Any three from Must be clear about which electrons are moving
Electrons (from beam) collide with metal target or anodev”
Idea of excitation followed by de-excitation OWTTE v max 3
...involving the inner/K shell v

Photons emitted during de-excitation v
Photon energy = difference in energy levels v
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INTERNATIONAL AS LEVEL PHYSICS (9630)
UNIT 2 ELECTRICITY WAVES AND PARTICLES, EXAMPLE RESPONSES WITH COMMENTARY

STUDENT A

0|9 ’T] Explain how characteristic X-rays are produced in an X-ray tube.
[3 marks]

 ~Hee—ergrgy—is—omirtec Q0N the atow

__Pe oregy of photos % aboorbed by the
Ot whene the  pdom 7o gAcCTted ol

de - oxcitel so Aot produce  the

& chavacterictic  Lyequenty  of X -riyg.
non X - 1Ay tube.

EXAMINER COMMENTARY

Students should always be guided by the mark allocation in questions of
this type. Three independent points, well made, are required for full credit in
this case. Five separate marking points are available. There is a mark given
here with benefit of the doubt in the second marking pointfor the final 12
words of the answer. The doubt arises because the student begins by
suggesting that the energy of photons is absorbed by the atom. Itis, of
course, the energy fromincident high-energy electronsthat is responsible
for the generation of X-radiation.

1 mark awarded.
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INTERNATIONAL AS LEVEL PHYSICS (9630)
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STUDENT B

II] ain how characterislic X-rays are roduned in an X- ray tube.

[W W“ﬂ v [a marks]
lochvons ¢t EKL

W Caklhod o _ -Q}iﬂb
Mo gAhomg w bl moda.
f% Mo MJW\J o{g XU, thay

e "
_i 2:/0 Wy W&L’{’TL
Viaaks )‘%W%’QTLLL\WGCW"B
Wﬂﬁd Am\ﬂa 0(.2 WM‘M
¥ LaV 4 prscdss  one electron

of QWL olode  aborly
of ong  £A0chron. L

EXAMINER COMMENTARY

Student B provides a number of valid points: (1) collision of electrons with
the metal target, (2) ideas of excitation and de-excitation, (3) emission of
photons. These contribute to full credit for the answer.

3 marks awarded.
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QUESTION
10
[1]0] Figure 9 shows the paths of three light rays X, ¥ and Z as they pass through a
rectangular glass block.
Figure 9
X
air
Y glass
z

. Determine the refractive index of the glass for ray X.

Use a protractor to take suitable measurements from Figure 9.
[3 marks]

@ Assume that the percentage uncertainty in the sine of an angle is equal to the
percentage uncertainty in the measurement of that angle.

Take the absolute uncertainty of measurement of all angles in this question to be +1°

Calculate the absolute uncertainty in your answer to question 10.1.
[3 marks]

E State and explain which of the three rays is most likely to provide a value for refractive
index with the smallest percentage uncertainty.
[2 marks]
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MARK SCHEME
Question Marking guidance Mark Comments
10.1 angle of incidence = 40°+1° and angle of refraction = 27°+1° seenin 3 Accept 2 or 3 sfonly

calculation or on diagram forray X v

Use of 0%

smnr

Refractive index from i = 40° and either r = 27° or 28° v Expect answers in the range 1.37 to 1.42

10.2 One value of percentage uncertainty calculated correctly 3 Allow fractional instead of percentage uncertainties

Percentage uncertainties for sini and sinr added v
MNo sf penalty
Allow ECF from 10.1

Absolute uncertainty in the range 0.07 t0 0.09 v

10.3 Ray Z because it has the largest angle of incidence/refraction 2
.. absolute uncertainty Accept “percentage uncertainty is inversely proportional to
Percentage uncertainty = angle of incidence x 100 v angle” or a comparison of absolute uncertainty (+1) to

angle.
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STUDENT A
1§_q Figure 9 shows the paths of three light rays X, ¥ and Z as they pass through a
ractangular glass block.
Figure 9
X
air
Y ! glass
z
o | =
-~
B
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[1]0].[1] Determine the refractive index of the glass for ray X,

Use a protractor to take suitable measurements from Figure 9.

[3 marks]
iz 1 W/\JJ?L L sesn
“:‘ 0
sl
- i i
u@;&%j v 0153{\

refractive index = ¢.07

@ Assume that the percentage uncertainty in the sine of an angle is equal to the
percentage uncertainty in the measurement of that angle.

Take the absolute uncertainty of measurement of all angles in this question to be +1

Calculate the absolute uncertainty in your answer to question 10.1.
[3 marl

_ = A.072 o uron =
Sin A% S Coedd W(63) 0-%4 |

6pa (082) = VA< s

absolute uncertainty = + 0. $q ]

E@@ State and explain which of the three rays is most likely to provide a value for refractive |
index with the smallest percentage uncertainty.
[2 marks]

Ry 2y B b b Sy Gge o whooh Wl 3 L
Braws b M e vwp o lper e Pednd W0
ey 6o b Pk g el ek b Sendtet e

wincerfusn Iw} .

EXAMINER COMMENTARY

In Question 10.1 no credit can be given for the graph work. The working in
the answer space contains a confusion with the equation linking the critical
angle and refractive index. No marks are awarded here either.

The workin 10.2 is equally unclear. The first equation equates the sine of
an angle to the refractive indexand no further progress is made.

Although, in 10.3, the correct ray is identified, a correct, basic explanationis
required. This is missing here and there is no detailed reference to the
relationship between percentage uncertainty and absolute uncertainty.

0 marks awarded.
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STUDENT B

Figure 9 shows the paths of threa light rays X, Y and Z as they pass through a
rectangular glass block.

Flgure 9

air
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III Determine the refractive index of the glass for ray X.
Use a protractor to 1ake suitable measurements from Figure 9.
HOi=40° Gc =27F° i

n 4 = ﬁ.'—- =

AT TN AN &4
_nosmGy s Ny - -

= in (4o

" §n 13°)
refractive index = j_ o Ll' (,l

- EI Assume that the percentage uncertainty in the sine of an angle is equal to the
percantage uncertainty in the measurement of that angle.

Take the absolute uncertainty of measurement of all angles in this question to be +1°

Calculate the absolute uncertainty in your answer to question 10.1.

Bﬂl = 3sinGi t smOr (3 marks]

AswnOy= _%-;100 =2-5% &sinOs - %ﬁ;@
_ (32 %= 620 Coseod
An, =728 = 5 L3 uy20 o

anolfe £ = 142 |
absolute uncertainty =+ J@—"I'g_&%?-‘

[110].[3] State and explain which of the three rays is most likely to provide a value for refractive |
index with the smallest percentage uncertainty. i
[2 marks] |

Z becavwse # hos Mo biggest
mae  of Mudmne  and w\j& |
of’ Velfacton.

EXAMINER COMMENTARY

In 10.1 the measurements are within range and there is substitution into an
appropriate equation leading to a correct calculation.

The working in 10.2 is also correct with a clear exposition of the method.

In 10.3, however, only the first marking point is scored as there is no
detailed reference to the relevant link between percentage and absolute
uncertainties.

7 marks awarded.
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QUESTION

11.2AND 11.3

IIE A device uses the gravitational potential energy stored by a mass of 12.5 kg that is

connected by a chain to a gear system. The mass is released from rest and falls
through a height of 1.8 m.

The mass falls at a constant speed of 1.5 mm st pulling the chain through the gear

system. The gear system spins a generator that provides an electric light with a
potential difference of 2.7 V and 80 m'W of power.

IIE@ Suggest one change to this device that would increase the maximum power available.

[1 mark]
E Inefficiencies occur in both the gear system and the generator.
The efficiency of the gear system is 0.60
Calculate the efficiency of the generator when producing an output of 80 mW .
[2 marks]
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MARK SCHEME
Question Marking guidance Mark Comments
1.2 | Onefrom max 1
Greater massy’
Increased speed of fall v
11.3 Overall efficiency = 0.08-0.18(4) 2
OR
Useful output power of gear system = 0.6x0.18(4) v
0.720R0.730R0.74 v Condone efficiencies as percentages provided that “%"
included
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STUDENT A

@rﬂ Suggest one change to this device that would increase the maximum power available. |
[1 mark]

2kl .

EEHE Inefficiencies occur in both the gear system and the generator.
The efficiency of the gear system Is 0.60

Calculate the efficiency of the generator when producing an output of 80 mW.
[2 marks]

efficiency =

EXAMINER COMMENTARY

In 11.2 there are two ways in which the maximum power output can be
increased; increasing the falling mass or increasing the speed of its fall.
Changing the fall distance alone will change the amount of gravitation
potential energy available but not the rate at which it can be delivered. This
was a fundamental point missed by many students.

In 11.3 the answer is written poorly (the quoted resultis 2.3). The student
has ignored the efficiency of the gear train (one error) and has
misunderstood what is meant by efficiency (second error). Accordingly, no
marks are given for this part. The fact that the answer is not written on the
answer line is not material to the mark. However, when a transcription error
occurs between the final computation and the answer appearing on the
answer line, the examiner will use the value on the answer line to arrive at
the overall mark.

0 marks awarded.
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STUDENT B

[1]1].[2] Suggest one change to this device that would increase the maximum power available.
[1 mark]

 Inotease i muAs ¢ object DO jnertode the @aad
_growiectinod Yotenticd ~oneigy S

1 : E[ Inefficiencies occur in both the gear system and the generator.
The efficiency of the gear system is (.60

Calculate the efficiency of the generator when producing an output of 30 mWw.

[2 marks]
oo =
0.18¢ x0b = o.llo4 W

Goxio~3
- Nno g o.T>

EXAMINER COMMENTARY

The answer to 11.2 is correct but could have gone on to make the point that
the mass increase leads to an increase in the rate at which energy is
delivered.

Question 11.3 is correct but an explanation s lacking. Ideally both the first
and second lines in the answer would have merited a word equation to
outline physics involved. The lack of such explanation can lead to a loss of
consequential marks when the examiner cannot understand the origin of
the values used.

3 marks awarded.
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