PHYS EXAM 22002 24

Young’s double slit experiment is set up by students in a laboratory as shown in Figure 2. Monochromatic light
is shone onto the slits which are placed at a large distance from the screen. The intensity pattern produced on the
screen is a pattern of light and dark bands.
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Figure 2

The students then wonder what will happen if the light used is white light rather than monochromatic light. All
the students agree that there will be bands of colour on the screen, but have different opinions about the centre
band. Pat expects a white band in the centre while Robyn believes a coloured band will be produced.

Question 5 7 /

Select which of the students is correct and justify your answer in the space below.
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Question 11

In the space below describe how the wave-particle duality of electrons can be used to explain the quantised
energy levels of the atom.
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Question 2

The table below contains some predictions for the behaviour of light incident on a shiny metal sheet. Complete
the table by placing a ‘Y’ (Yes) or ‘N’ (No) in the appropriate boxes if the prediction is supported by the wave
and/or particle model of light. Some answers have already been provided. It is possible for predictions to be

supported by both models.

photoelectric effect.

Prediction Wave model | Particle model
The number of photoelectrons produced is proportional to the intensity b6 N

of the incident beam. /

Light of low intensity will give rise to the emission of photoelectrons N N

later than light of high intensity. /

Light of high intensity will produce photoelectrons with a greater Y /\/
maximum kinetic energy than light of low intensity.

Light of sufficient intensity of any frequency should produce the Y /\/
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Figure 2 shows the energy levels of a sodium atom.

ionisation energy

5.13 eV

} many levels
n=>5 3.75 eV
n=4 3.61 eV

energy
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n=2 211eV
ground state, n =1 0eV

Figure 2

Figure 2 shows that electrons in a sodium atom can only occupy specific energy levels.

Question 6 .SCIMQ as ? // 2005

Describe how the wave nature of electrons can explain this.

2 marks
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[n an experiment, monochromatic laser light of wavelength 600 nm shines through a narrow slit, and the intensity
of the transmitted light is recorded on the screen some distance away as shown in Figure 2a. The intensity

pattern seen on the screen is shown in Figure 2b.

laser

screen

Figure 2a Figure 2b

Question 6
Which one of the intensity patterns (A—D) below best indicates the pattern that would be seen if a wider slit
was used?

A. B.
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Figure 5a shows part of the emission spectrum of hydrogen in more detail.
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emission spectrum of hydrogen —>—

Figure 5a

With a spectroscope, Val examines the spectrum of light from the sun. The spectrum is continuous, with colours
ranging from red to violet. However there were black lines in the spectrum, as shown in Figure 5b.
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Figure 5b

Question 9
Explain why these dark lines are present in the spectrum from the sun.
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Use the following information to answer Questions 3—35.

A group of students is studying Young’s double slit experiment using microwaves (A = 3.0 cm) instead of
light.

A microwave detector is moved along the line PQ, and the maxima and minima in microwave intensity are
recorded.

The experimental apparatus is shown in Figure 1.

P
>|___| microwave detector
. Sl
microwave source
< e ¢ W central maximum
S2 . .
- X Ist minimum
- Y Ist maximum
=7 2nd minimum

Figure 1

Question 4

Explain why there is a maximum in microwave intensity detected at point Y.
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Avrea of study 2 — Interactions of light and matter

Question 1

At the time of Young’s double-slit experiment there were two competing models of the nature of light.
Explain how Young’s experiment supported one of these models compared with the other.
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Question 2 3 9 /

Einstein’s explanation of the photoelectric effect reopened the question about the nature of light.

Explain briefly how the results of the photoelectric effect experiment supported a competing model to the one
supported by Young’s experiment.
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The following information relates to Questions 3 and 4.

Louise and Thelma set up the apparatus shown in Figure 1. It consists of a laser providing light of a single
wavelength, which passes through two narrow slits and produces a pattern of bright and dark bands on a screen
some distance away.

bright band
dark band

S 'S, screen

|

slits

not to scale
laser

Figure 1

Question 3

Before doing the experiment, Louise believes that the central band (the one exactly opposite the centre point
between the two slits) is a dark band. Thelma believes that this is a bright band.

Who is correct? Outline your reasoning clearly.
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The following information relates to Questions 57

The photoelectric effect occurs when photons falling on a metal surface cause the emission of electrons. Einstein’s
equation for the photoelectric effect can be written as follows.

EKmax =hf- W

Kristy and Adrian have set up an experiment to study the energy of photoelectrons emitted from a potassium
plate. Their apparatus consists of

° alight source

*aset of filters, each of which allows through only one wavelength

° anevacuated tube containing a potassium plate onto which the light falls, and a collector electrode.

A variable DC source allows a voltage (stopping voltage) to be applied between the potassium plate and the
collector electrode. A voltmeter ( V. ) measures this voltage, and a microammeter (A) reads the current.

Their apparatus is shown in Figure 3.

potassium plate
filter
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Figure 3

Question 5

Explain in words the physical meaning of the terms EK max>J» and W in the equation above. Your explanation

must show how each term relates to the experiment in Figure 3.
E
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Area of study 2 — Interactions of light and matter

Question 1
Over the last few centuries. scientists have proposed two conflicting models to explain the nature of light.

° the wave model

* the particle model
Name a historical experiment that supports the wave model rather than the particle model. Explain how the experiment
supports the wave model rather than the particle model.
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The photoelectric effect experiment supports the particle model of light rather than the wave model of light.
The following are observed in a photoelectric effect experiment.
Observation 1: The number of emitted electrons (the photocurrent) depends on the intensity of the incident light.

Observation 2: The energy of emitted electrons depends only on the frequency of the incident light and is independent
of the intensity.
Observation 3: The energy of the emitted electrons depends on the metal surface involved.

The particle model can account for all the above three observations.
The wave model can explain two of these observations but not a third.

Question 2
Select the observation that the wave model cannot explain.
Explain how the particle model satisfactorily explains this observation.
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The following information relates to Questions 5 and 6.
. Students set up the following apparatus as shown in Figure 2 to study the photoelectric effect.
They have a number of photocells with different metal plates in them.

photocell

metal plate

A

voltmeter !

collector
electrode

Figure 2

With a selenium plate in place, and using their data, the students draw the graph of maximum kinetic energy of
photoelectrons versus frequency of light incident on the selenium plate. This is shown in Figure 3.

maximum ‘r

kinetic selenium
energy L
(eV) -
0 d g
I frequency Hz x 104
12.3
Figure 3
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o
138

The students now use a photocell with a magnesium plate.
The work function of magnesium (3.7 eV) metal is less than that of selenium (5.1 eV).

The dotted line on e

Question 6

ach graph shows the original graph for selenium.

Which one of the following graphs will now show their results? Explain your answer.
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Question 8

The students now increase the accelerating voltage and hence the speed of the electrons.
- Which one of the options below now best shows the pattein they will observe on the screen?
: Explain your answer.

option A option B (identical to original pattern)

option C

Eple

Ht‘;ﬁgr s/zeo/ results ééﬂer MOpentce ny
which fo crecses wave Ceaaat‘é of eleetrous. )= —/’—
Swaller Waueéeaqz‘/; results (u ée_s.s o//—HIMZ‘m%

36

2 marks

SECTION A-— Al ea of study 3. contmued
TURN OVER




2010 PHYS EXAM 2 26 - S B )
f Figure 5a shows the diffraction with electrons of 600 eV. The students now replace the electron gun with an X-ray
source. Then they observe the pattern shown in F igure 5b below.

Figures 5a and 5b are drawn to the same scale.

Figure 5a Figure 5b

Question 9
Explain why the electrons and the X-rays produce a very similar pattern.
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