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Avacuum photocellis connectedin series with a power supply, a variable resistor, and a sensitive ammeter. Avoltmeteris
connectedin parallel across the photocell.

UV radiation

\
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O

Monochromatic light of frequency filluminates the cathode, which has a threshold frequency fg. Photoelectrons are emitted
and collected by the anode. A photocurrent is measured by the ammeter.

The potential difference across the photocell, V,isincreased untilthe ammeterreads zero.

Which of the equations below does not correctly relate the potential V at which the current decreases to zero to the
threshold frequency fpand frequency 7
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Question 2

An electron ina one-dimensional box, known as the “electronin a box™ model, is a fundamental quantum mechanical
approximation describing the translational motion of a single electron confined inside an infinitely deep well from which it
cannot escape.

According to the “electron in a box” model, which of the following expressions is not a permitted value for the momentum of
an electron movingin a box of length L?
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Question 3
The first three wavefunctions are shown for a particle confinedin a box of length L.
W(x)
n=3
n=2
n=1
X

Forwhichwave functionis the probability of finding the particlenearx = ? thesmallest?

A.n=1
B.n=2
C.n=3

D.The probability is the same (and non-zero) for each wavefunction
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Question4

Abeam of electrons of wavelength A is incident on an aperture of width d. The beam is travelling along the zdirection. The
width dis of a size comparable to i.

Electron beam

v

v

v

A4

ANN

After passing through the aperture, the component of momentumin the x direction is p,, the component in the y directionis
py and the component in the zdirectionis p;.

Which of the following shows the uncertainty in p,, p, and p,?

BApy Ap ¥ Ap;
h h h

= and amd and
o _B _h 5

’ dnd 4nd

h

C 0 0 m

h

D 0 m 0

[Tmark]

WWW.exampaperspractice.co.uk




Fe

EXAM PAPERS PRACTICE

Question 5

In1890 Johannes Rydberg discovered an empirical formula that enabled the wavelengths of the lightin the atomicline
spectrum of hydrogen to be calculated. The formula is:

L (1
A THp 2

Where iis thewavelength, nand m are integers and Ry is the Rydberg constant.

In 1913 Niels Bohr published his theory of the hydrogen atom. This theory enabled the Rydberg formula to be derived. His
theory also showed that the energy levels E, of the hydrogen atom are given by the formula:

_ 22x10718

n nz
Where E, is measuredin joules.

Which of the followingis a valid expression for the Rydberg constant?

= -18
A.RH =22x%10

_ 22X 10-18
8-Rg= 7y
hell=-—
n-
_ 2.2x10"18
C. Ry = he
D.R, = 22x10 Iﬂ(ﬂz_"’z
— b4 =
[Tmark]
Question 6
An electronis confined to a box. The energy difference between the first and the fourth statesis 15.0 eV.
Which would be the best order of magnitude estimate for the length of the box?
A.10%m
B.1079m
C.10"m
D.10"%m
[Tmark]
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Question7

Asquare plate made of zinc with side length dis given a charge of Q and then illuminated with an ultraviclet lamp of
wavelength A. Thelamp has an output power of 100 W.

Thelampis placed adistancerabove the surface and positioned such that the UV light is incident normally on the zinc
surface.

Which of the followingis the correct expression for the time taken for the zinc plate to become electrically neutral?
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[1 mark]

Question 8

An alpha particle with energy E is incident upon a potential barrierand has a certain probability of quantum tunnelling through
the barrier.

Consider the following statements:
|. The energy of the alpha particleis increased
Il. The width of the potential barrieris increased
Ill.The alpha particle is replaced by an electron with energy E

Which statements would lead to anincrease in the probability of finding a particle that has escaped a potential barrier?

A.landllonly
B.landlll only
C.llandlll only

D.llandlll

[Tmark]
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Question 9
Consider the following statements regarding the Bohr model of the hydrogen atom:

l.

The momentum of an electronis equalto the Planck constant divided by its de Broglie wavelength
Il.

The angular momentum of the atom is quantised

.

The energy levels are quantised

Which statements originate from the idea that the circumference of the orbit must be aninteger number of the de Broglie
wavelength?

A.landllonly
B.landlll only
C.llandlll only

D.l,Itandlll
[1mark]

Question 10
An atomin an excited state has anorbital radius of 10~ m,

Which would be the best order of magnitude estimate for the energy of this state according to the uncertainty principle?
A10'eV
B.103eV
C.10%eV

D.10%ey
[1mark]
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