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Data
acceleration of free fall g =9.81ms™
speed of light in free space c =3.00x 108ms™
elementary charge e =1.60x107"°C
unified atomic mass unit 1u =1.66 x 107%" kg
rest mass of proton m, =1.67 x 107" kg
rest mass of electron m, =9.11x 10°"kg
Avogadro constant N, =6.02x 10** mol™
molar gas constant R =8.31JK " mol™
Boltzmann constant k =1.38x 1072 JK™'
gravitational constant G =6.67 x 107" N m?kg™
permittivity of free space g, =8.85x 1072 Fm™
(47150 =8.99x 10°mF™)
Planck constant h =6.63x107*Js
Stefan—Boltzmann constant o =567 x10°Wm?K™*
Formulae
uniformly accelerated motion s =ut+ %az‘2
v? = u?+ 2as
hydrostatic pressure Ap = pgAh
upthrust F =pgV
Doppler effect for sound waves f, = VEVV
Vs
electric current I = Anvq
resistors in series R=R/+R,+..
resistors in parallel % = ;— + ,;— +.
1 2
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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
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(a) State Coulomb’s law.

(b) In a model of an atom, an electron is in a circular orbit around a proton, as shown
in Figure 1.1.
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Figure 1.1
The electric potential energy of the electron is —1.09 x 10~18J.

(i) Show that the radius of the orbit is 2.11 x 10~1%m.

[1]

(ii) Use the information in 1(b)(i) to determine the magnitude of the electric force between

the electron and the proton.
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(iii) Calculate the centripetal acceleration of the electron.

acceleration =

(iv) Use your answer in 1(b)(iii) to determine the period of the orbit of the electron.

(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 (v) 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
centripetal acceleration
angular speed
[3]
[Total: 10]
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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.

..................................................................................................................................... [1]
(i) State two properties of the orbit.
L PSR PR
2 et eteeeeeeeeeteee e teeeateeeateeeateeeateeeateeeanseeeaneeeeanteeeanteeeanteeeanneeaaneeas
[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.

(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.

[2]
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(c) The Earth may be considered to be a sphere of radius 6370 km.
Geostationary satellites orbit at a height of 35900 km above the surface of the Earth.

Determine a value, to three significant figures, for the mean density of the Earth.

AENSItY = .o kgm3 [4]
[Total: 10]
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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.

..................................................................................................................................... [2]
(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.
specific heat capacity = ........c.ccoovevvieeeeeieeieeeee, Jg K1 [3]

: ]
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(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).

[Total: 9]

4 (a) State the first law of thermodynamics.
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(b) A sample of an ideal gas contains 3.58 x 1024 molecules. The sample is at a temperature of
298K and a pressure of 1.84 x 10°Pa.

(i) Show that the volume of the gas is 0.0800m3.

[2]
(ii) Calculate the amount of gas n in the sample.
Dl e mol [1]
(iii) Determine the average translational kinetic energy E, of one molecule of the gas.
B = J 2]
(iv) Explain why the average potential energy of one molecule of the gas is zero.
..................................................................................................................................... [1]
(v) Calculate the internal energy U, of the gas.
Up= oo J 1]

10 _l
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(c) The gas in 4(b) undergoes two changes AB and BC, as shown in Figure 4.1.

6 :
B
\
\
4 3
{
pressure/10°Pa
2
A C
0
0 0.05 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.

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

W S e, 2]
[Total: 13]
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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.

(@) 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 4.4cms™.

(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.

5.0

o

-3 —2 —1 0 1 2 3
X/cm
-2.5
-5.0
Figure 5.2
© Cambridge University Press & Assessment 2026 9702/44/M/J/26
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(ii) Show that the frequency of the oscillations is 0.28 Hz.

[2]

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

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

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

A
amplitude
0
0 0.1 0.2 0.3 04
f/Hz
Figure 5.3

[2]
[Total: 9]
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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.

R

[ ]
| I

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.

(@) (i) Calculate the resistance, in kQ, of R.

resistanCe = ..o kQ [2]

© Cambridge University Press & Assessment 2026 9702/44/M/J/26
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(ii) Show that the minimum potential difference (p.d.) across the capacitor is 0.53 V.

[2]
(b) On Figure 6.3, sketch the variation of the p.d. V,; across the capacitor with ¢ between t = 0
and t=10.0s.
2
Ve/Vo 1
0
0 2.5 5.0 7.5 10.0
t/'s
Figure 6.3
[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 0.53 V.

[Total: 9]
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(a)

(b)

(c)

State what is meant by an alternating current.

A coil of wire is wound onto a hollow insulating tube to form a solenoid, as shown
in Figure 7.1.

/\/\/\/\/\/\/\I/\/\/\/\/\/\

X

VVVVVVVVVVVYV
I I

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.

(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 200xt
where Bisin mT and tis in s.

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

[1]

16 _l
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(ii) On Figure 7.2, sketch the variation of B with t between t =0 and t = 0.020s.

2

B/mT

7 e

Figure 7.2

[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.
D= unit ............ [3]
(ii) Describe and explain how the variation of B with ¢ 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.
..................................................................................................................................... [3]

[Total: 14]
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(@) When a clean metal surface is illuminated by electromagnetic radiation, electrons may be
emitted from the surface.

(i) State the name of this phenomenon.

(iii) 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 10~1°J.

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 107194,

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

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

work functionenergy = ... eV [3]
[Total: 11]
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(a) Explain how ultrasound waves are generated by a piezoelectric transducer.

(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» 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 kgm™3. 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.

© Cambridge University Press & Assessment 2026
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(i) 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(I/1I).

0 ; ; , , -
0 2 4 6 8 10 12
X/Cm
~10 ~
N
In(I/I,) —20 B
\\
30
—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
quantitative. Use the space for any working.

T oo ettt e et eeeeeeeeeeeeeeeeeeeeeeeeeeetteaaeeeeeeeteeettta—aeeaaeeeettttaaaaaaaterrrrrann.

2 e eeeeeeeeeeeeeeeeeeeeeeeeeetttaeeeeeeeeeetettaaeeeeeteetta—aeeeeeetttta i aaaaearnnns

R S

[3]

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

(ii) Explain how standard candles may be used to determine the distance of a galaxy from
an observer.

(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.

..................................................................................................................................... [2]
(i) tSh'[atetan expression, in terms of A, 4, and T, for the surface temperature T of
e star.
O [1]

(iii) Determine an expression, in terms of L and T,

starr TOr the radius of the star. Identify any
other symbols that you use.

[Total: 7]
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