Optoelectronics

Exercise 9.1 Irradiance

1

a) What is meant by the irradiance of light falling on a surface?
b) State the units of light irradiance.
¢) What is meant by the irradiance of electromagnetic radiation falling on a surface?

Measurement of the irradiance of light is taken at a position which is 1 m away from a
monochromatic point source of light. The measurement is then repeated at a new
position which is 2 m away from the same source.

a) What difference is observed in the irradiance of the light?
b) What difference is observed in the wavelength of the light?

A light meter registers a value of 100 W m2 when placed at a distance of 50 cm from a
small bright light source in a dark room.

a) What value will it register at a distance of 150 cm from the same source?
b) What value will it register at a distance of 25 cm from the same source?
An experiment is set up in a darkened laboratory with a small light bulb B1 which

emits light at power P. The light irradiance 50 cm from the bulb is 12 W m2, The
experiment is repeated with a different small bulb By, which emits light at power 0.5P.

What is the light irradiance 25 c¢m from this bulb?

A solar cell and meter are used to measure the irradiance of light from a small lamp.
The meter reading is 4 units when the solar cell is 100 cm from the lamp.

. a) Where should the solar cell be placed to increase the reading to 64 units?

b) What assumption is made about the lamp in the calculation for part a)?

Which one of the following sets of results could have been obtained from an
experiment to investigate the variation of irradiance with distance from a point source
of light.

Distance | 10 Crn! 15cm| 20em | 25cm | 30cm | 35cm| 40cm

Irradiance| 256 | 384 | 512 | 940 | 768 | 896 | 1024

Irradiance| 256 171 128 102 85 73 64
Irradiance| 256 384 512 640 512 384 256
Irradiance! 256 114 64 41 28 21 16

Irradiance | 256 171 128 102 128 171 256
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A space probe is positioned 4 x 1011 m from the Sun. It needs solar panels with an area
of 4 m? to absorb sufficient energy from the Sun to keep it functioning correctly.
Calculate the area of solar panels which would be needed to keep the probe
functioning correctly if it is repositioned

a) 3 x 101! m from the Sun,

b) 6 x 1011 m from the Sun.
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8. To investigate how the irradiance of light, /, varies with the distance, d, from the
source of light, the apparatus shown is used in a darkened room.

light bulb

| sensor
W ~ light-
A i metre stick
i [ T
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The uncertainty in the light-meter reading is + 10 units.
The uncertainty in the distance reading is + 0.5 cm.
The following results are obtained:

Irradiance/units 520 300 180 130 80

Distance/m 030 040 050 0.60 0.80

A graph of irradiance against distance is plotted and found to be a curve.

However, the results can be used to obtain a straight line graph.

a) On graph paper, plot the straight line graph.

b) State the relationship the graph drawn in part a) confirms between /and d.

¢) From your graph deduce where the irradiance would have a value of 100 units.

d) Which measurement gives the greatest uncertainty?

e) -State the uncertainty in your answer to part c).

f) On the same graph, draw a dotted line to show what would be expected if the
experiment were to be repeated with the room lights on.
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Exercise 9.2

Planck’s constant, h, = 6.63 x 1034 J s

Photoelectric Effect

1. The diagrams show charged gold leaf electroscopes illuminated with electromagnetic
radiation.
In each case, explain whether or not the electroscope will discharge.
a)
ultraviolet ultraviolet white light white light
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2. Sketch the graph that would be obtained when the photon energy is plotted against
photon frequency.

3. A cleaned zinc plate is placed on the cap of a gold leaf electroscope which is then
charged negatively.

a) Explain why the electroscope will discharge when illuminated with dull ultraviolet
light.

b) Explain why the electroscope will not discharge when illuminated with intense
white light.

¢) What effect will be observed if the ultraviolet light is more intense?

4. A bright red light source and a faint blue light source are shone in turn on a metal
surface for the same length of time. Both sources are found to eject electrons from the
metal surface.

a) Explain why electrons ejected by the faint blue light have a greater kinetic energy
than those ejected by the bright red light.
b) Will both light sources eject the same number of electrons?
Explain your answer.
5. The apparatus shown was set up to demonstrate the photoelectric effect.
/ / / radiation
zinc plate
O + o
Sketch the graph showing the relationship between the photecelectric current, /, and
the frequency, f, of the radiation.

6. Calculate the energy of a photon of light of wavelength 405 nm.

7. Calculate the wavelength of a photon of energy 4.2 x 10-19].
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10.

11.

12.

For each of the following, state whether the statement is true or false.

a) Photoelectric emission from a metal occurs only if the frequency of the incident
radiation is greater than the threshold frequency.

b) Photoelectric emission takes place when the metal is heated to a very high
temperature

¢) The threshold frequency depends on the metal from which photoemission takes
place.

d) If the frequency of the incident radiation is less than the threshold frequency,
increasing the irradiance will cause photoemission.

e) If the frequency of the incident radiation is greater than the threshold frequency,
increasing the irradiance will increase the maximum energy per electron.

f) If the frequency of the incident radiation is greater than the threshold frequency,
increasing the irradiance will increase the photoelectron current.

Certain metals are observed to emit electrons
when irradiated with ultraviolet light.

a) The graph indicates that there is no
photoelectric current if the frequency
of the light is below a certain value f,.
How can this be explained? f
b) Discuss briefly the changes which had to i
be made to the theory of the nature of light
after the discovery of the photoelectric effect.

photoelectric
current

of light

The work function for sodium metal is 2.9 x 10-19].
Light of wavelength 5.4 x 10-7 m strikes the surface of this metal.

What is the maximum kinetic energy of the electrons emitted from the surface?

The work function of caesium is 2.16 x 10-19 J.
It is illuminated by light of wavelength 589 nm.

What is the maximum velocity with which electrons are emitted from the surface?
(charge on the electron, e, = -1.6 x 10-1° C; mass of the electron, me, = 9.11 x 10-31 kg)

The minimum energy required by an electron for it to be ejected by the photoelectric
effect from the surface of lithium is 3.7 x 10-19J.

a) Calculate the minimum frequency which will allow the photoelectric effect to take
place.

b) Is this radiation within the visible spectrum?

Justify your answer.

¢) If light of frequency 6.8 x 1014 Hz is used, determine the maximum kinetic energy
of the electrons.

d) This loss of photoelectrons causes the lithium surface to acquire a positive voltage
which, if it becomes large enough, prevents any more electrons being removed
from the surface.

Determine the maximum value of this positive voltage.

(charge on the electron, e, = -1.6 x 1017 C)
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Exercise 9.3 Energy Levels

Planck’s constant, h, = 6.63 x 1034 s

il

4,

Revision Questions for Higher Physics

A particular atom has energy levels as shown. 3
Transitions are possible between all these energy B2
levels to produce emission lines in the spectrum. e 7R

a) How many lines are in this spectrum?
b) i) Transitions between which two energy levels T A gimtm'i
would produce the highest frequency radiation? i
ii) Transitions between which two energy levels
would produce the longest wavelength radiation?

The diagram shows the energy levels for Es  -0.864 x10-19]
the hydrogen atom. Peme—— T
E2 -2.416 x10-19)
E1  -5.424 x10-19)

a) Between which two energy levels
would an electron transition lead to
emission of radiation of highest frequency?

b) Calculate the frequency of the radiation in —  Fo -2176 x10-19]

part (a).

Energy level diagrams for two atoms A and B are shown to the same scale.

Az — B3

B2
A1 B1
ground ground
state state

Electrons are excited to levels A and Bs.

a) Explain which transition in which atom would give rise to the emission of radiation

with
i) the longest wavelength,
ii) the highest frequency.

b) Explain why some lines on the spectrum produced from these transitions are more

intense than others.

The diagram shows the energy levels in an atom.

Emission lines are produced as excited electrons Egg 52 x10-19]
undergo all possible transitions. B2 00 x1019]
a) What is the maximum number of lines produced —F  A6dx1019]

in this spectrum?

b) If an electron is excited from energy level Ej to
level E3, what frequency of light is being used
to excite the electrons?

An electron falls from a high energy level in an atom to another level, E joules below

it. A photon of light of wavelength 4 is emitted.

If Planck’s constant is b and the velocity of light is ¢, find the wavelength of the
photon in terms of E, hand ¢.

3.8 x10119]

Eo -246 x10-19]
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The table below gives the energy associated with the energy levels available to the
orbital electron in a hydrogen atom.

Energy level Energy/J

il 2.185 x 10-18
2 3.821 x 10-18 5
3 4,124 x 10-18 4
! 4.230 x 10-18 3
5 4.279 x 10-18 A

One series of lines in the hydrogen spectrum

involves electrons which have been excited into é

higher energy levels as shown, falling back to
energy level 2,

a) i) Which transition in this series gives rise to the
line of longest wavelength?
ii) Calculate the wavelength of this line.
b) In another series of lines, similarly excited electrons
return to energy level 1.
Show that none of the lines in this series is in the visible spectrum.

Flood lamps were installed to celebrate the centenary of the Forth Rail bridge.
The lamps need 300 kW of electrical power.

a) If 30% of the electrical power is emitted as light of frequency 5.09 x 1014 Hz,
calculate the number of photons of this frequency emitted each second.
b) Calculate the wavelength which corresponds to this frequency.

) If this wavelength is produced by transitions to an energy level of -11.5 x 1019,

what is the energy in the higher level?

The table lists the energy required to remove an electron from the surface of
a number of different metals.

Metal copper sodium potassium aluminium

Energy/] 7.1x10-1% | 3.6x 1019 3.5x1019 6.7 x 1019

a) Light is shone on these four metals. The wavelength of the light is gradually
increased until only one metal shows the photoelectric effect.
Name this metal.

b) Calculate the minimum frequency of light which will eject an electron from
aluminium.

¢) The diagram shows three possible energy 36 x10-19]
levels in an atom. 5.8 % 10-19
State whether or not transitions between R J
any of these levels produce the photoelectric
effect in —_— 95x10:19)

i) copper,
ii) potassium.
Justify your answers.
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Planck’s constant, h, = 6.63 x 10-34 ] s
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The emission spectrum of helium contains sharp lines in the violet, blue, yellow orange
and red regions of the visible spectrum.

Explain how these lines are produced.

When the spectrum of sunlight is observed, there are two dark lines at wavelengths
corresponding to 589.0 nm and 589.6 nm. These are known to be the wavelengths of
the two yellow lines seen in the spectrum of hot sodium vapour.

Explain why the dark lines are present.

The diagram shows part of the line spectrum from a hot gas.

red end of violet end of
spectrum spectrum

X Y Z
Explain why the line Z appears much brighter than lines X and Y.

The spectrum of light from a gas discharge tube consists of several distinct coloured
lines.

Explain what this implies about the behaviour of electrons in the atom.

Compare the spectrum of white light produced by a household light bulb with the
spectrum of light from a mercury vapour lamp.

The following statements are about the spectrum of light emitted by the atoms of a
gaseous element. State whether each is true or false.

a) The spectrum emitted by this element is different from the spectrum emitted by
another element.

b) The element emits a continuous spectrum.

¢) The spectrum can be explained if the electrons in the atom are assumed to occupy
discrete energy levels.

d) The electrons in the atom are changing from one energy level to another.

e) The atom is gradually losing electrons.

The following statements are about the spectrum of light obtained by passing white
light through a gas. State whether each is true or false.

a) The dark lines in the spectrum occur at frequencies identical to the frequencies in
the line emission spectrum of the gas.

b) The dark lines are produced by destructive interference.

¢) Photons of light with particular energy values have been absorbed.

a) Describe how you would set up apparatus to produce and observe
i) acontinuous emission spectrum,
ii) a line emission spectrum,
iii) an absorption spectrum.

b) In each of the above cases, explain what would be observed.
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9. The diagram shows part of the line emission spectrum of an element.

wavelength increasing

| HEFE

A B CoD,

a) Light associated with each line is allowed to strike a metal plate in turn and in some
cases electrons are ejected from the metal.
Which of the above spectral lines is most likely to eject electrons from the metal?
Justify your answer.

b) Light of frequency 5.08 x 1014 Hz, corresponding to one of the above lines, can eject
electrons with kinetic energy of 0.45 x 10-19 ] from the metal plate.
How much energy is required just to release electrons from the metal?

¢) Show whether or not light of frequency 4.29 x 1014 Hz, corresponding to line C, is
capable of ejecting electrons from the metal.

10. A sodium vapour lamp emits bright yellow light when electrons make transitions
from one energy level to another within the sodium atoms.

a) State whether the electrons are moving to higher or lower energy levels when the
light is emitted.

b) If the light has a wavelength of 589 nm, calculate the energy difference between
these two energy levels in the sodium atom.

11. A Bunsen flame containing vaporised sodium is placed between a sodium vapour lamp

and a screen as shown.
dark shadow

vaporised sodium
.

sodium vapour lamp

a) Explain why a dark shadow of the flame is seen on the screen.
b) The sodium vapour lamp is now replaced with a cadmium vapour lamp.
Explain why there is now no dark shadow of the flame on the screen.

12. Light from a tungsten vapour lamp is passed through a diffraction grating in a
dark-room.

a) Describe what would be seen on a screen.
b) The tungsten filament lamp is now replaced by a sodium vapour lamp.
What will now be seen on the screen?
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