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YOUR MARK

The one thing I’d fix before your next Paper 4

Answer every part, and take the quick marks first. You left 12 marks blank, and they weren't at the end of the
paper. You skipped them and carried on:

o 2(a)(ii), 2 marks: two properties of a geostationary orbit. Recall, about 30 seconds. (note 3)

» 3(c), 2 marks: a better way to measure the water's temperature. (note 8)

 8(a)(iii) and 8(b)(i), 6 marks: the photon model and the Planck constant. (notes 16, 17)

e 9(b)(ii), 2 of the 3 conclusions. (note 20)

On this paper the grade boundaries were 10 marks apart, so the blanks alone were worth more than a grade.
On a 2-hour paper, do a first pass that collects every definition and recall mark, then go back for the long
calculations.

The second pattern is the last step. In 2(c) the orbit radius is R + h, in 8(b)(ii) you still had to convert J to eV,
in 10(b)(iii) you needed the square root, and in 4(c)(i) Q is the change in U. You knew the physics each time
and stopped one line short.

Where the other marks went

The blue numbers match the blue circles on your script.

o 1(c) 2 MARKS
The radius is right. Once the potential energy decreases, the electron is closer to the proton. The force

goes as 1/r2, so a smaller r means a bigger force and the acceleration increases. And because a = wzr,

w? = a/r, which also goes up, so the angular speed increases too.

e 2(a)(i) 1 MARK

What you wrote is a property of the orbit: its period matches the Earth's rotation. That's what 2(a)(ii)
asks for. The meaning is what the matching period gives you: the satellite stays above the same point
on the Earth's surface.

e 2(a)(ii) 2 MARKS

Left blank. Any two of: the orbit is equatorial, it goes west to east (the same way the Earth turns), and
its period is 24 hours. Your answer to 2(a)(i) was one of these, so it would have scored here.

o 2(b)(ii) 1 maArRK
In a show-that, the step the mark is on has to be written down. You went from GM/R? = w?R straight to
GM = 412R3/T2. Write w = 2n/T, substitute it, then rearrange.

N -
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2(c) 3 MARKS

e The orbit radius is measured from the centre of the Earth, so R = 6370 + 35 900 = 42 270 km. The 35
900 km is the height above the surface. With that R the density comes out at 5530 kg m™3. Your
arithmetic from your own numbers was right: 3390 follows from R = 35 900 km.
The volume mark needs the Earth's radius in metres: V = 4/3 1(6.37 x 106)3. Working in km happened to
cancel in your final division, but the volume you wrote down is not the Earth's volume in m3, and that is
what the mark is for. Convert to S| at the start and every intermediate value earns its mark.

e 3(a) 1 MARK

Zero net energy transfer earned one mark. The other is for saying the two objects are at the same
temperature.

a 3(b)(i) 1 mARK
You said where the energy goes, but not what that does to the water. The thermistor takes thermal
energy from the water, so the water cools. That's why the reading is 76.8 °C and not 78.0 °C: the
thermistor is measuring a temperature it has lowered itself.

e 3(c) 2 MARKS
Left blank. Use a thermocouple or a smaller thermistor. It has less mass, so it takes less thermal energy
from the water. Or warm the thermistor to about 78 °C before you put it in. Both marks have to come
from the same method.

© 2 1 mark
You're right that no work is done. But the first law gives Q = the change in U, not U. At constant volume
U is proportional to T, and T is proportional to p, so Ug = (5.84/1.84)Up and Q = Ug - Up = 2.2U,.

@ 4)ii) 2 marks
In BC there is no thermal energy transfer. That doesn't mean there's no change in internal energy. With
no heat in or out, the change in U equals the work done on the gas. At C the pressure is back to 1.84 x
10° Pa and the volume has doubled (0.160 against 0.0800 m3), so Uc = 2Up. From note 9, Ug = 3.2U,, so

W = 2Up - 3.2Up = -1.2U,. No heat transfer is not the same thing as a constant temperature.

0 5(a)(ii) 2 mMARKs

A show-that needs numbers, and you only gave symbols. Use v = wxg with w = 2nf: f = vg/(2mxg) =
4.4/(2m x 2.5) = 0.28 Hz. Your rearrangement f = vr/2m also has the r on the wrong line.

@ 6(b) 1 MARK

The flat sections and the minimum at about 0.53 V are right. But a capacitor discharging through a
resistor doesn't fall in a straight line. It's an exponential curve, steep at first and getting less steep.

@ 7(a) 1 MARK
The mark needs the direction to reverse regularly (periodically, repeatedly). Switching direction once
doesn't make an alternating current.

@ 7(b) 2 MARKS
Your field shape is good. The direction is reversed, though. Apply the right-hand grip rule to the current
shown and the field inside points from right to left. So every arrow goes the other way, and N is on the
left, S on the right. One reversed rule cost both marks.

@ 7(d)(ii) 2 mARks
Faraday's law is right, and it earned a mark. What's missing is the method. Draw a tangent at the
steepest part of the curve to get the largest rate of change of B. Then maximum e.m.f. = steepest
gradient x area x number of turns. Watch the wording as well: the e.m.f. depends on the gradient itself,
not on a change in the gradient.
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8(a)(iii) 3 MARKsS

Left blank. Any three of: an electron needs a minimum energy to leave the surface; the photon it absorbs
must have at least that much energy; a photon's energy is proportional to its frequency (E = hf); so a
minimum energy means a minimum frequency.

8(b)(i) 3 MARKS
E = hc/A is where to start, but you're given two wavelengths and two kinetic energies. Write hc/A = © +
E for each one, then subtract to get rid of ®: h x 3.00 x 108 x (1/178 x 107° - 1/254 x 107°) = (5.27 - 1.91)

x 10719, That gives h = 6.66 x 1034 ys. Quoting 6.63 from the data sheet earns nothing here.

8(b)(ii) 2 mARks
Your working is right up to 5.92 x 1071, but that value is in joules. The question asks for eV, so divide by
1.60 x 109 to get 3.7 eV.

9(a) 2 MARKS

You got the mark for the supply being alternating. The first mark is for a p.d. (a voltage) across the
crystal making it change shape. You wrote current, and it's the p.d. across the crystal that makes it
distort, not a current through it. The last mark is for what the crystal then does: it vibrates at ultrasound
frequency and makes the medium next to it oscillate. "Pulses sent into the body" doesn't explain how the
wave is made.

9(b)(ii) 3 mARKs
The gradient changes at x = 5.0 cm and x = 7.0 cm, so Y is 2.0 em thick, not 1 cm. The gradients give

you two more conclusions: attenuation coefficients of 3.2 cm™for X and 1.5 em™ for Y. Each conclusion
needs a value and a unit.

10(a)(ii) 1 mARK
Radiant flux is a power. What's measured here is the radiant flux intensity (power per unit area), and the
mark needs it named correctly.

10(b) (iii) 1 mARrRK
L = 4nr?0T# is right, but your expression is r?. The radius needs the square root: r = V(L / 4“0Tstar4)-

Marks you got, but I’d tighten the wording

These scored, but only just. Here's the version that makes each one safe.

o

5(a)(i)

Your loop comes to points at x = 2.5 cm. The mark scheme didn't penalise that, but for simple harmonic
motion the v-x graph is an ellipse: v = *_roow/(xo2 - x2), so the curve meets the x-axis vertically. Draw it
smooth and rounded at both ends.

7(d)(i)

You wrote NB x 2nr2, then substituted Tir2. The substitution is what scored. Had you used the 2mr? you'd

written, the answer would have been double and the mark gone. The coil's area is nr?

formula you actually use.

, so write the
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Q 7(d)(ii)

Your Faraday's law sentence scored, and it stood because the wrong sentence after it didn't contradict
it. Don't rely on that. Write only the correct version:

Draw a tangent to Fig. 7.2 where the curve is steepest and find its gradient: this is the maximum rate of change
of B. Maximum e.m.f. = steepest gradient x area x number of turns, because by Faraday's law the e.m.f. equals
the rate of change of flux linkage.

Q 9(a)

You scored one of three. The full answer is three short sentences, one per mark:

A p.d. applied across the piezoelectric crystal makes it change shape. The p.d. is alternating, so the crystal
vibrates. It vibrates at ultrasound frequency, and its vibrations make the medium next to it oscillate.

Reading the marks on your script

Mark awarded, placed where you v In a calculation, all the ticks go by
earned it the final answer

Your mark for that part

X Not awarded

Something the mark needed is
missing here

Good luck with the real one.
Rich

cieinsider.com 9702/44 May/June 2026 | marked by Rich, former Cambridge examiner
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Data

acceleration of free fall

speed of light in free space
elementary charge

unified atomic mass unit
rest mass of proton

rest mass of electron
Avogadro constant

molar gas constant
Boltzmann constant
gravitational constant

permittivity of free space

Planck constant

Stefan—Boltzmann constant

Formulae

uniformly accelerated motion

hydrostatic pressure
upthrust
Doppler effect for sound waves

electric current

resistors in series

resistors in parallel

© Cambridge University Press & Assessment 2026

L @

g =9.81ms™

c =3.00x10°ms™’

e =1.60x1071°C
1u =1.66 x 107" kg
m, =1.67 x 10 kg
m, =9.11x 10" kg
N, =6.02 x 10* mol™

R =8.31JK "mol™

k =1.38x 1022 JK™’

G =6.67 x 107" Nm?kg™

g, =8.85x10"2Fm™

LI 9 1
Tne, =899 x10°mF)

(

h =663x10%Js

o =567 x10°8Wm2K™*

s = ut+ lat®

vZ = u?+2as

Ap = pgAh

F =pgV
o2

o Vi,

I = Anvg
R=R +R,+
i Y
B e

9702/44/M1 K26
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* 0000800000003 *

gravitational potential

gravitational potential energy

pressure of an ideal gas

simple harmonic motion

velocity of particle in s.h.m.

electric potential

electrical potential energy

capacitors in series

capacitors in parallel
discharge of a capacitor

Hall voltage

alternating current/voltage

radioactive decay

decay constant

intensity reflection coefficient

Stefan—Boltzmann law

Doppler redshift

© Cambridge University Press & Assessment 2026

b

DFD

3
b
g, - Ghim
p =N
a =-o’

v =v,cos wi

v = J_rm\f(xnz—xz)

_Q
v_4ms‘ur
_ Qg
EP_411£Dr
: W -
e cq+cz+...
C=Gihit,*.,
4
X = X,@ RC
_ BI
VH_ntq

X = X sin ol

X =X,
j = 0683
F

2
I_F{ _ (21_22)
I, (z,+2)?
L = 4nor’T?
AL _Af v
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4 ]
(a) State Coulomb’s law.
Fore. is. dicecHly. praportoned fo #e. precuct of. chetzed .

(b) In a model of an atom, an electron is in a circular orbit around a proton, as shown
in Figure 1.1.

electron

orbit of electron

Figure 1.1

The electric potential energy of the electron is —1.09 x 10-"8 .

() Show that the radius of the orbit is 2.11 x 10~'%m.

&g
E=%cr
Y '(’;:r -19 -1
g SleAl XESE
— 04X == Lfﬂ(s«.%xio”’a(”)

—10 11
e 2,1 X107 m v
(1]
(ii) Use the information in 1(b)(i) to determine the magnitude of the electric force between
the electron and the proton.
L&
-1 -9
log X10 = 5 |7Xx10
o T A
2.1[x10 1/1
-7
force = ......... s (7.X10. Y. . . N [1]
Cambridge University Press & Assessment 2026 9702/44/M/J126
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(ili) Calculate the centripetal acceleration of the electron.

fzmo a="5:

-9 ~1]
11
acceleration = ........72. Lty iy / I ms—2 [1]

(iv) Use your answer in 1(b)(iii) to determine the period of the orbit of the electron.
(20> 2.1l X070

2— —
a = W l}b T 5.67 X0
21 -1
&:CPFLY’ = 1.21 X9 J

T &Pr
T 2N e

period = ............ 1 '2"""3""0 ................. s [21

(c) The electron in 1(b) emits a photon so that the electric potential energy of the electron
decreases. The electron remains in a circular orbit around the proton.

By placing one tick (+') in each row, complete Table 1.1 to show how the quantities indicated
for the electron change when the potential energy decreases.

Table 1.1
decreases stays the same increases
radius of orbit \/ o
centripetal acceleration \/ 4
angular speed / % 1/3
[3]
[Total: 10]
Cambridge University Press & Assessment 2026 9702/44/M/J126 [Turn over
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A satellite is in geostationary orbit around the Earth. The orbit is circular.

(a) (i) State whatis meant by a geostationary orbit.

0/1
..... Mlﬂﬂ&?Eaﬂ’ﬂxo [1]
(if) State two properties of the orbit.
T s e ) s e S R S AR R R R el
B (Do o N o e SN o s e e
------------------------------------------------------------------------------------------------------------------------------------------- Olllz
[2]
(b) The orbit has radius R and period T.
(i) Determine an expression, in terms of R and T, for the speed v of the satellite in its orbit.
Ve WY
_ xB
. 21 R 1/1
—_—
T SO A [1]
(ii) Use Newton's law of gravitation to show that the mass M of the Earth is given by
= 472R3
GT?
where G is the gravitational constant.
M ™ 2
F= @-E%"’ _@?”f = p* R
: 3
, oA U2
F= mWw K O? M = T
_ J( " Zﬁs 1/2
i g
© Cambridge University Press & Assessment 2026 9702/44/M/J126
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(c) The Earth may be considered to be a sphere of radius 6370km.
Geostationary satellites orbit at a height of 35900km above the surface of the Earth.

Determine a value, to three significant fgures for the mean density of the Eartlb

A ys*R®
f‘:ﬁ' U M= (;‘_],.'L- ZZLTF (qumf

AT

j’ -\ £.67x(0 {Z‘r’x.s'crx 60>

> @ 3 i
V=3mr g—?‘ff (62)° x

f;?ZS/E.Z
Op.3 9¢/

X
density = ............ 3 36?0 ................... kgm= [4]

[Total: 10]

1/4
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(a) State what is meant by two objects being in thermal equilibrium.

(b) An insulated container with negligible specific heat capacity contains a mass of 63 g of water
at an initial temperature of 78.0°C.

A thermistor with a mass of 8.5g is at an initial temperature of 25.0°C. The thermistor is
connected into a circuit containing an ammeter that is accurately calibrated to give readings
of temperature in °C.

The thermistor is immersed in the water. When thermal equilibrium is reached, the ammeter
indicates a temperature of 76.8°C.

(i) Explain why the thermistor does not measure the temperature as 78.0°C.

Tereed eneay. is.. drensfeced . fpa... M. eter fo.......

&ﬁaHefursfw+aLmaE#z,ch5far5mwf

(ii) The specific heat capacity of water is 4.2Jg K.

Calculate a value for the specific heat capacity, in Jg='K-, of the material of
the thermistor.

‘-::"'"""2 gon = IMJJ (o
E=mcAT

g.5A cx(76§-25) = 63 x Lf.'z.x(-,rf_rc.gj

C, - 01 7'2—
specific heat capacity = ............. % *72- ................ Jg 'K [3]
Cambridge University Press & Assessment 2026 9702/44/M/J126
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AL i

(c) Suggest, with a reason, how the initial temperature of the water in 3(b) could be measured
more accurately than using the thermistor in 3(b).

0/2
............................................................................................................................................. [2]
[Total: 9]
4 (a) State the first law of thermodynamics.
Focmet 0. inkerved. entegy. a5 egesl . e sum......
of. Hhecrmad . enomy.. supalied. to. .. syitern omd
woche dont. e F  SYRKEIA. NN
2/2
............................................................................................................................................. [2]
© Cambridge University Press & Assessment 2026 9702/44/M/J126 [Turn over
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298K and a pressure of 1.84 x 10°Pa.

(i) Show that the volume of the gas is 0.0800m?3.

pyV = NRT

"
24 o x 225
|~3“[){{0ng—: 2,58 X0 "X l-?g){f

1A 00500 ]

—

(b) A sample of an ideal gas contains 3.58 x 10?4 molecules. The sample is at a temperature of
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2/2
;1'0.08'00»«?‘/‘/ 2]
(if) Calculate the amount of gas n in the sample.
N= FV‘-OI X NA
2
’Z:S—S’K D 9 4 g:qg
wol = 6~02K|02 v 11
NE e, SASN . mol [1]
(iii) Determine the average translational kinetic energy E of o_rlwo_lth_J1e of the gas.
g
E LS S kT
—2%
a (l.fyx ) )(Qqﬁ')
- 2
~2|
= £:]7x00 vv
21 2/2
E= coo. G AT.XIO0 J[2)
(iv) Explain why the average potential energy of one molecule of the gas is zero.
.................... et 00 indecrolecodor. forces acfing. .
M
ekoeen .. moleades £ 0. g T A 0
(v) Calculate the internal energy U, of the gas.
_ s
A £ o NLT
24 o
- 2.%%x(0 X £ 17Xl =
v
-9 2| cO (O SR— 2 ZIOO ..................... J [1]
© Cambridge University Press & Assessment 2026 9702/44/M/J126
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(c) The gas in 4(b) undergoes two changes AB and BC, as shown in Figure 4.1.

6 1

pate ..-_.... .l_ — 1 1 :.. ._.B‘.\. . ..._l. .:.. .._.l... PN P .._-...:. .-___. <

AY
4 SO
IHEE H N L =
pressure/10°Pa -+ -+ - -

2 ’ .

i 1 | - _A_.' S C_ 1|
0 | : | [ : | i | i I

0 0.06 0.10 0.15 0.20
volume/m?3

Figure 4.1

In change AB, the gas is heated at constant volume from its initial pressure of 1.84 x 10°Pa
to a pressure of 5.84 x 10°Pa.

In change BC, the gas rapidly expands and returns to its original pressure with no transfer of
thermal energy. The volume of the gas after this expansion is 0.160 m3.

(i) Determine an expression, in terms of U,, for the thermal energy Q supplied to the gas
during change AB. Explain your reasoning.

No Chonge in volorme So work dore (s zer®

AU[ - @ +0
A= U X O 1/2

(ii) Determine an expression, in terms of U,, for the work W done on the gas during change
BC. Explain your reasoning.

No cherg2 in inkeraed ergy x @
0/2
[Total: 13]

Cambridge University Press & Assessment 2026 9702/44/M/J126 [TI.II'H over

- |


https://cieinsider.com/marked/

-l

]

L

SAMPLE | A real script marked by Rich, in the student's own handwriting. Name removed. | Get yours marked at cieinsider.com/marked

* 0000800000012 * DFD

A metal ball is attached to the lower end of a spring, as shown in Figure 5.1.

12

platform

spring

metal ball

______________ equilibrium position

Figure 5.1

The upper end of the spring is attached to a platform that is initially stationary.

(a) The ball is pulled down by a small distance and released so that it oscillates with simple
harmonic motion. The oscillations have an amplitude of 2.5cm and a maximum speed
of 44cm -7l

(i) On Figure 5.2, sketch the variation of the velocity v of the ball with the displacement x
from its equilibrium position as the ball undergoes one full oscillation.

i LI I 1‘5-0 T
! i CaNANE NN EE NS
e
[T [ ™~
P T I N I
< viems 'H25 N
| ] T .
i N I [ :
yd I ] AN
] T Y
7 [
] l | A
| -ﬂ.- 1 ‘| T 1 T ~
3R -2 —1 FTOL 1 2 3
[ 1 I T TIx/cm
LY I | I i
b | | Fal
k! | 1| Pl
l : ] A 1A
\l__‘ ! _2.5 |
| .\‘“- 11 I _/’ |
I M| | |
I \.,.,_ : | ,-—"""' i A1k
I | 1] P
| TIrfr i
-5.0 '
Figure 5.2
Cambridge University Press & Assessment 2026 9702/44/M/J126
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(i) Show that the frequency of the oscillations is 0.28 Hz.

V= WY = ML
2
V-:"_TIF r ]
01T
237

vr

(b) The ball is returned to rest at its equilibrium position.

X @

—

0/2

[2]

The platform is now moved up and down by a motor so that it oscillates vertically with simple
harmonic motion of constant amplitude but variable frequency. The oscillating platform

causes the ball to oscillate.

(i) State what is meant by resonance.

(i) The frequency f of the oscillations of the platform slowly increases from 0 to 0.40Hz.

On Figure 5.3, sketch the variation with f of the amplitude of the oscillations of the ball.

: n\
I /1 N
YT TN
I ht 1
I Vi 8
I A ~
- G ek 11 11 b | =
amplitude A= T
i -Mf' 1+ |
h /.f
! —
B | T
7
’.F'
/ +
yanm , !
0
0 0.1 0.2 0.3
f/Hz
Figure 5.3
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A capacitor of capacitance 47 uF, a cell of electromotive force (e.m.f.) 1.50V and a resistor R are
connected into the circuit of Figure 6.1.

1.50V

R
] |
L 1

Figure 6.1

The two-way switch S alternates between terminals X and Y with a frequency of 0.20Hz, as
shown in the variation of switch position with time t in Figure 6.2.

Y_ ______________________

switch position

t/s

Figure 6.2
The time constant of the discharge circuit is 2.4 s.

(a) (i) Calculate the resistance, in kQ, of R.
Bz BL
~€
2. = RCW?’X[O )

o (0paL-
_ gf i ST resistance = ..., k@ [2
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(i) Show that the minimum potential difference (p.d.) across the capacitor is 0.53V.

£

il

/= V&

V= }5@

2.5

X\

2/2
v=0324 ., 2
L& eS 3N/
(b) On Figure 6.3, sketch the variation of the p.d. V. across the capacitor with ¢ between t =0
andt=10.0s.
29T T T . HE
v
ERE - “N"“EX‘“' | o SN
b T ST N
e 1 N —————-—----l%\/
0 — —— —
0 25 50 75 10.0
tis
Figure 6.3 2/3
[3]

(c) The frequency at which the switch alternates is now doubled.

Explain, without calculation, whether the minimum p.d. across the capacitor is now less than,
equal to or greater than 0.53V.

........................................................... 12)
[Total: 9]
Cambridge University Press & Assessment 2026 9702/44/M/J126 [TI.II'H over

- ]


https://cieinsider.com/marked/

-l

T

]

L

SAMPLE | A real script marked by Rich, in the student's own handwriting. Name removed. | Get yours marked at cieinsider.com/marked

* 0000800000016 * DFD

DO, - |
(a) State what is meant by an alternating current.
Lurrent He swikhes. diechon..in fee.......
0/1
= e o N 0
(b) A coil of wire is wound onto a hollow insulating tube to form a solenoid, as shown
in Figure 7.1.
AAAAAANAANAD v
I Y O G MK/ 7/ S N
N I N A 20 I I | N
S - | [ 1] F ST AL N
bpd b
JUR VAV AUV VAR VAR VAR VARTERVARY)
D X +I
v
Figure 7.1
There is a constant current I in the solenoid in the direction indicated. There is a magnetic
field inside and outside the solenoid due to this current.
2/3

(i) On Figure 7.1, draw five field lines to represent the magnetic field inside and outside
the solenoid. [3]

(ii) On Figure 7.1, indicate, with the letters N and S, the magnetic poles of the solenoid. [1]

(¢) The current I in the solenoid in 7(b) now varies sinusoidally so that the flux density B of the
magnetic field at point X varies with time t according to

B =2.0 cos 200nt
where Bis in mT and tis in s.

(i) Show that the period of the alternating magnetic field is 0.010s.

2
W= 200 “/0q7= Sony

@G plls
et 11
(1]
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(i) On Figure 7.2, sketch the variation of B with t between t =0 and { = 0.020s.

2 Y 1 | &
\\ 1 e jf"""‘_ T S !/*'
B/mT EE| ! ] rim T I I (et
AEEEL i _
0 Wi [ Y i
0 \-10.005H/4570.01015%10.015H/-0.020
ESaSa RERiEd aRaRa A SReR tRd e cRtnks
| A
N, A L '_.'
_2 o |
Figure 7.2 2/2
(2]
(d) A small coil is placed at point X inside the solenoid in 7(c), so that its axis is parallel to the
axis of the solenoid.
The small coil has 45 turns, each with a radius of 2.8 x 10~3m.
(i) Calculate the maximum magnetic flux @ linked by the small coil. Give a unit with
your answer.
- NAA
=
- N 6 X2t V’I 2 2
| i $x(0 )
_é
=0, 2 £l YV
3/3

-&
o=.2:2x10. ... .. unit . T 0% [3]

(ii) Describe and explain how the variation of B with t in Figure 7.2 may be used to
determine the maximum electromotive force (e.m.f.) induced in the small coil. No
calculations are required.

(N...B. Eate. . chonge &
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(a) When a clean metal surface is illuminated by electromagnetic radiation, electrons may be
emitted from the surface.

(i) State the name of this phenomenon.

(i) State what is meant by the threshold frequency of the metal.

St | comse. elechron. enniSSO0 Mo ()

(ili) Explain why the existence of the threshold frequency provides evidence for the photon
model of electromagnetic radiation.

(b) When a clean metal sheet is illuminated by radiation of wavelength 254 nm, electrons are
emitted with a maximum kinetic energy of 1.91 x 10-19J,

When the same metal sheet is illuminated by radiation of wavelength 178 nm, the maximum
kinetic energy of the emitted electrons is 5.27 x 10194,

(i) Use these data to calculate a value, to three significant figures, for the Planck constant.

he

E"“‘AG

Planck constant = .....omnnnmsanvinra i Js [3]
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(i) Determine a value, in eV, for the work function energy of the metal. Give your answer to
two significant figures.

hC - g+ KE,

o

_[q
6637(!0 x?xLD ﬂf . /;CHXKO v

=
2. 54 X(0 B o
—
a =" F26610 x 2 9 1/3
work function energy = ........ 6-_?}'((0 .............. eV [3]
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(a) Explain how ultrasound waves are generated by a piezoelectric transducer.

Piezcelechric O@S-‘aii};:;onmdﬁciﬁom _____ alternafin

currenf  powtd sowree. T BC comsds te cryshpl fo.....

(b) Ultrasound waves are used to obtain information about a structure that consists of two
materials, as shown in Figure 9.1.

ultrasound waves ——— = P

Figure 9.1

| )

material X

\ material Y

not to scale

The waves enter the structure at point P and travel through the structure to point Q.

Material Y has a density of 8960 kg m~—2. The speed of sound in material Y is 4720ms~".

(i) Calculate the specific acoustic impedance Z of material Y. Give a unit with your answer.

Z S fE

— 9960 x4720

— Y, 23X (o?
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(ii) The intensity of ultrasound entering the structure at point P is I,
The transmitted intensity of the ultrasound between P and Q at distance x from P is I.

Figure 9.2 shows the variation with x of the value of In (/).

O~ T - m T
0 "‘m 20 4 ! § 8 10 Tr12
SN : ~x/cm i
PN o
-10 R i ! ! i
H "\.\\ f
'\.\.L‘
: | B |
In(I/1g)  —20FHH AR S A
i ! | ‘*«.\‘ i I
| |\'\ i
"30 | | ! | l [ !
1 T T h\\;
b W
| | : Il T'".
-40 : : : : :
Figure 9.2

Determine three conclusions about the structure and the materials from which it is
made that may be drawn from Figure 9.2. The conclusions may be qualitative or
guantitative. Use the space for any working.

R

—

o2 4 Ve {7 A AR 4 ¢ {1 Y AT

L T R s e L e R e e R
------------------------------------------------------------------------------------------------------------------------------------------- UIFB

(3]

[Total: 8]
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10 (a) (i) State whatis meant by a standard candle.

A Stk kn owﬂ/wmosf@\/ ...........................................

11
..................................................................................................................................... [1]
(i) Explain how standard candles may be used to determine the distance of a galaxy from
an observer.
@ Podont flux
4 kgl VE T b
neetartd. ey. Qoo @t LS. F. 7. Bl g WL

a.is..distnce. ko Find  clistewnce. of. gadary fori

(b) A starin a distant galaxy has luminosity L.

The star emits radiation that has maximum intensity at a wavelength that is known to be A
after correcting for redshift.

star

The Sun has surface temperature T, and emits radiation that has maximum intensity at
wavelength A,.

(i) Explain why the wavelength of the radiation observed from the star has to be corrected
for redshift.

(i) ﬁltatet an expression, in terms of A_,_. A, and T, for the surface temperature T,__of
e star.
sTs 2 T 111
v
T B sl ’\5 ..... Visnasiliins s [1]

(iii) Determine an expression, in terms of L and T_
other symbols that you use.

1ap fOr the radius of the star. Identify any

I=0T"
L=Uxr*gT% . L PIA=L
" ST x4a "

tc:’/ﬁ'l's Ctefen-Boltzrmemn  conShomt

X
S
radius = @ ..... i Td(ﬂfw_aq ................... 1]
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