37 2023 PHYSICS EXAM (NHT)

Question 20 (5 marks)

A beam of electrons, each with a momentum 4.60 x 10724 kg m s7!, is passed through a salt crystal
to produce a diffraction pattern, as shown in Figure 19.
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b. Explain why electron diffraction patterns from salt ci ystals provide evidence for the wavelike
nature of matter. 3 marks
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Question 19 (4 marks) :

In an experiment on the photoelectric effect, Sam shines ultraviolet light onto a zinc plate and ejects
photoelectrons, as shown in Figure 18. N
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Figure 18

a. The work function of zinc is 4.30 eV,
Calculate the minimum fiequency of the ultraviolet light that could eject a photoelectron. 2 marks
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b.  Sam wants to produce a greater photocurrent — that is, to emit more photoelectrons. He
considers using a much brighter red light instead of the original ultraviolet light source used
in part a. ;
Is Sam’s idea likely to produce a greater photocurrent? Explain your answer. 2 marks
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Question 16 (3 marks)

Priya and Dan are playing music in a soundproof recording room. Priya leaves the room while Dan is still
playing. She notices that when she is standing at point X with the door-epen, as shown in Figure 15, she can
still hear the music. The music is not only softer, but some of the frequencies also seem to be relatively much
softer. The door to the recording room is 1 m wide.
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Figure 15

Outline in what way the music sounds different to Priya and explain why.

p/“/\y a W /[[ 44’--"4’1 I L(/ W/ -,1’“/:-3 Lo Ler €L Q u,j[L “ f‘
7 . 7

/\ 1?/5’ ;l (//)- 7;{ 1 /IS {_A-é,’ ,4_ Lee é 7/" {xh}f (2/ /"7[/—; /@At ‘Ocr

N ¢ : i
( spreacliug owt ot Souue! wayes whou Ehey
/ / <

$
’({‘/—,:C Ve 14 {Aré\ wy CLK/C opLni1us ) iv;’)~ /} S Guetp il e -
6/ / vV 7 :\‘
14

4

Ve

O ol I+ re Cﬁ(f@% (S P/ 0HO) ]t Kl L to ol lower
) - 7 P4

g/f/"é’ guencireS will _(.A/—@QC’// o £, L// /
/ 7

b

SECTION B — continued

<
N
0
<
(7p)
el
=
Z
Ll
=
oc
=

DO NOT




2022 PHYSICS EXAM

Question 17 (7 marks)
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A materials scientist is studying the diffraction of electrons through a thin metal foil. She uses electrons
with an energy of 10.0 keV. The resulting diffraction pattern is shown in Figure 19.

Figure 19

b.  The materials scientist then increases the energy of the electrons by a small amount and hence their
speed by a small amount.

Explain what effect this would have on the de Broglie wavelength of the electrons. Justify your
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| Question 16 (3 marks)

A small sodium lamp, emitting light of wavelength 589 nm, is viewed at night through two windows from

across a street. The glass of one window has a fine steel mesh covering it and the other window is open, as

shown in Figure 18. Assume that the sodium lamp is a point source at a distance.

A Physics student is surprised to see a pattern formed by the light passing through the steel mesh but no

pattern for the light passing through the open window. She takes a photograph of the observed pattern to

show her teacher, who assures her that it is a diffraction pattern.

sodium lamp point
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Figure 18
a.  State the condition that the fine steel mesh must satisfy for a diffraction pattern to form. 1 mark
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33
The experiment performed by the students is often described as Young’s double-slit experiment.

b.  Explain how this experiment gave support to those who argued that light has a wave-like nature.
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d.  The students decide to safely immerse the entire apparatus in a liquid. The refractive index of the
liquid is unknown but it is greater than the refractive index of air. Using the same laser light, they
notice that the spacing of the bands changes.

Describe the change observed in the spacing of the bands and explain why this change occurred.

2 marks

347

n:g Ient, uf

V¢ Iy Ub, Ay (4 =coust)

82> %ﬁ T4AV axy

SECTION B — continued

TURN OVER



2022 PHYSICS EXAM 32

Question 12 (8 marks)

Students conduct an experiment in a Physics laboratory using a laser light source, two narrow slits and a
screen, as shown in Figure 10.

screen
0.10 mm

¥, slit separation
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beam of laser
light directed
at slits

Figure 10

Point C is at the centre of the pattern of light and dark bands on the screen. The slit separation
is 0.10 mm and the distance between the two slits and the screen is 2.00 m.

a.  The band at point C is a bright band.

Explain why the band at point C is bright and why there is a dark band to the left of the centre. 2 maiks
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Question 17 (3 marks)
Describe how absorption line spectra are produced and describe their relationship to electron transitions
within atoms.
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Question 18 (3 marks)
Provide an example of an instance in which classical laws of physics cannot describe motion at very small
scales and explain why they cannot.
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Question 14 (3 marks)

A distant fire truck travelling at 20 m s™' to a fire has its siren emitting sound at a constant frequency of
500 Hz.

1 Chris is standing on the edge of the road. Assume that the fire truck is travelling directly towards him as it

a.

b.

20ms!

. approaches and directly away from him as it goes past. The arrangement is shown in Figure 14.
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Figure 14

On the diagram below, sketch the frequency that Chris will hear as the truck moves towards him
and then moves away from him. The 500 Hz siren signal is shown as a dotted line for reference.

No calculations are required.

frequency (Hz)
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Name the physics principle involved in Chris’s experience.

away from Chris
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Explain why only certain wavelengths and, therefore, certain energies are present in the helium

spectrum.
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Question 18 (5 marks)
The energy level diagram for a hydrogen atom is shown in Figure 19.

a.

A
energy (eV)
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Figure 19

A hydrogen atom in the ground state is excited to the 7 = 4 state.

ionisation energy
n=>06

n=>5
n=4
n=3
n=2

n=1 ground state

Explain how the hydrogen atom could be excited to the # = 4 state in one step.
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Question 17 (7 marks)

Students are comparing the diffraction patterns produced by electrons and X-rays, in which the same
spacing of bands is observed in the patterns, as shown schematically in Figure 18. Note that both patterns
shown are to the same scale.

electrons X-rays

Figure 18

The electron diffraction pattern is produced by 3.0 x 103 eV electrons.

a.  Explain why electrons can produce the same spacing of bands in a diffraction pattern as X-rays. 3 marks
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The microwaves from the source are polarised.

Explain what is meant by the term ‘polarised’. You may use a diagram in your answer. 2 marks
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Question 19 (4 marks)
Figure 19 shows the spectrum of light emitted from a hydrogen vapour lamp.

The spectral line, indicated by the arrow on Figure 19, is in the visible region of the spectrum. ;

_ 2018 PHYSICS EXAM

nanometres (nm)

Figure 19

a.  The following list gives the four visible colours that are emitted by the hydrogen atom.

Circle the colour that corresponds to the spectral line indicated by the arrow on Figure 19. 1 mark |
697 |
violet blue-violet blue-green |
b.  Explain why the visible spectrum of light emitted from a hydrogen vapour lamp gives discrete
spectral lines, as shown in Figure 19, 3 marks
A
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Question 17 (6 marks)
The results of photoelectric effect experiments provide evidence for the particle-like nature of light.

Outline one aspect of the results that would provide this evidence. Your response should explain:
*why a wave model of light cannot satisfactorily explain this aspect of the results
° how the photon theory does explain this aspect of the results.
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Explain how the diffraction pattern produced by a stream of electrons passing through a narrow slit can
illustrate Heisenberg’s uncertainty principle.
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Question 19 (4 marks) f@ 7.
Roger and Mary are discussing diffraction.
Mary says electrons produce a diffraction pattern.

Roger says this is impossible as diffraction is a wave phenomenon and electrons are particles; diffraction
can only be observed with waves, as with electromagnetic waves, such as light and X-rays.

Evaluate Mary’s and Roger’s statements in light of the current understanding of light and matter. Describe two
experiments that show the difference between Mary’s and Roger’s views.
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5
On the graph of photoelectric current versus potential difference shown in Figure 16, sketch the curve ]
expected if the light is changed to ultraviolet with a higher intensity than the original blue light. 2 marks l

997

The results of photoelectric effect experiments in general provide strong evidence for the particle-like (
nature of light. l

Outline two aspects of these results that provide the strong evidence that is not explained by the wave

model of light, and explain why. 5 marks
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Question 17 (9 marks)

Inan experiment, blue light of frequency 6.25 x 10'4 Hz is shone onto the sodium cathode of a photocell. The

apparatus is shown in Figure 15.

sodium cathode
photocell

ammeter

(A)
N xz
voltmeter +_

light source

reversible
variable
DC voltage
source

/!
collector electrode

Figure 15

The graph of photoelectric current versus potential difference across the photocell is shown in Figure 16.

photoelectric current
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_ potential

Figure 16
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Explain the physics of how standing waves are formed on the string. Include a diagram in your
lesponsq 3 marks
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Evaluate Elli’s and Sam’s responses. 3 marks
Ceem (s correet, Bl cueorrect. 22 7.
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Question 15 (7 marks)

;
|

| A Physics teacher intends to demonstrate wave phenomena to her students. She takes her students to the
l school oval to listen to a 680 Hz sound.
i‘,

The speed of sound in air is 340 m s~

The teacher now sets up two loudspeakers placed 4 m apart with the sound in phase. Seven students are
placed in a row 24 m from the loudspeakers, as shown in Figure 14. Each student is 1.5 m away from the
next student,

Student 4 is in the middle and is exactly the same distance from each loudspeaker.

When a single loudspeaker is sounding, all the students hear very close to the same intensity.
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Figure 14

The teacher now connects both loudspeakers.
One student, Elli, predicts that now they will hear a similar sound of double the intensity.

Another student, Sam, disagrees. He says the intensity of the sound will depend on each student’s relative
distance from each speaker.
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