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Electrons are emitted from a metal surface when it is illuminated with suitable electromagnetic
radiation.

(a) Name the effect described above.

[1]

(b) The variation with frequency fof the maximum kinetic energy E, of the emitted electr

is shown in Fig. 7.1. &
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Fig.7.1
Use Fig.7.1 to determine
(i) the threshold frequency of the radiation,
ihiasmelad Irequenty = cananunins s TLE
(ii) a value for the Planck constant.
Plancloconstail = ... mmmnaanmmmnsamnsd B

[4]
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() On Fig.7.1, draw a line to show the variation with frequency f of the maximum kinetic
energy E_ of the emitted electrons for a second metal which has a lower work function

than that in (b). [2]

(d) The kinetic energy of the electrons is described as the maximum. Suggest why emitted
electrons are likely to have a range of values of kinetic energy for any one frequency of

the electromagnetic radiation.
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2 (a) State the de Broglie relation, explaining any symbols you use.

(b) An electron of mass m has kinetic energy E. Show that the de Broglie wauelen%

this electron is given by
A \Q
2mE v

\2\.
Y

A 2

&*
2]

o

(c) Calculate the potential difference through avirich an electron, initially at rest, must be
accelerated so that its de Broglie wavelength is equal to 0.40 nm (the diameter of an

atom).
potential difference = ... V[
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3 (a) (i) Explain whatis meant by a photon.

- [1]

(ii) Show that the photon energy of light of wavelength 350nm is 5.68 x 1019 J. [1]

O
Q@

(iii) State the value of the ratio (b
energy of photon of light of waua%h 00nm
ele

energy of photon of light of wav h 350nm "~

(b) Two beams of monochromatic light have similar intensities. The light in one beam has
wavelength 350 nm and the light in the other beam has wavelength 700nm.

The two beams are incident separately on three different metal surfaces. The work
function of each of these surfaces is shown in Fig. 5.1.

metal work function / eV
tungsten 4.49
magnesium 3.68
potassium 2.26
Fig. 5.1

(i) Explain what is meant by the work function of the surface.

- [2]
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(ii) State which combination, if any, of monochromatic light and metal surface could
give rise to photo-electric emission. Give a quantitative explanation of your answer.
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4 (a) Explain why, for the photoelectric effect, the existence of a threshold frequency and a For
very short emission time provide evidence for the particulate nature of electromagnetic |Examiners

radiation, as opposed to a wave theory. Use

proportionality.

S 7, >

(b) State and explain two relations in which the Planck cunst:nt '

© UCLES 2009 aFn2NAMLLING

WWW.MEGALECTURE.COM Page 6 of 29

WWW. Vout ube. conl negal ect ure



what sapp: +92 323 509 4443, enmnil: negal ecture@mail . con

o0
MEGA LECTURE -
7 r

Examiner's
Usa

5 The photoelectric effect may be summarised in terms of the word equation

photon energy = work function energy + maximum kinetic energy of emitted electrons.

(a) Explain

(i) what is meant by a photon,

.............................................................................. \C\ A -

5
(b) Light of constant intensity is incident on a m I@ﬁce, causing electrons to be
emitted.
o

State and explain why the rate of emission of el@ctrons changes as the frequency of the
incident light is increased.

------------------------------------------------------------------------------------------------------------------------------------------
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6 (a) State three pieces of evidence provided by the photoelectric effect for a particulate For

nature of electromagnetic radiation. Examiner’s
Use

.
(b) (i) Briefly describe the concept of a photon. §

(ii) Explain how lines in the emission spectr&f gases at low pressure provide
evidence for discrete electron energy levels in atoms.

© UCLES 2008 Q7N /NAONINR
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(c) Three electron energy levels in atomic hydrogen are represented in Fig. 7.1.

For
Examiner's
Use

A

increasing
energy

<&

?“

Fig. 7.1 \b,
The wavelengths of the spectral lines produced by electron tg@nsits between these
three energy levels are 486 nm, 656 nm and 1880 nm.

(i) OnFig.7.1, draw arrows to show the electron transitj tween the energy levels
that would give rise to these wavelengths. %
Label each arrow with the wavelength of the emj \ shoton. [3]
S 4

(ii) Calculate the maximum change in energy an electron when making transitions
between these levels. >

BIEEON = oot o]
© UCLES 2008 Q7N2/NA0NINR
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7 (a) Explain how a line emission spectrum leads to an understanding of the existence of
discrete electron energy levels in atoms.

(b) Some of the lines of the emission spectrum of atomic hydrogen are shc}we i$.1 :

4

410 434 486 ﬁﬁﬁ
wavelength /nm &

Fig. 7.1 <;:QDP
The photon energies associated with some of these®ines are shown in Fig. 7.2.

wavelength/nm | photon energy/1071%J
410 4.85
434 4.58
4860 T | 0 ...
656 3.03
Fig. 7.2

(i) Complete Fig. 7.2 by calculating the photon energy for a wavelength of 486 nm.

[2]
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(ii) Energy levels of a single electron in a hydrogen atom are shown in Fig. 7.3.

—0.60
—0.87

-1.36

—-2.42

-5.45 \<:\
energy/ 10719 E

\2\.
S

\ 2

>

&¢
-21.80

Fig. 7.3 (not to-scale)

Use data from (i) to show, on Fig. 7.3, the transitions associated with each of the
four spectral lines shown in Figt 7,1. Show each transition with an arrow. [2]

© UCLES 2009 Q7N IADIONING
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7 (a) State an effect, one in each case, that provides evidence for

For
Examiner's

(i) the wave nature of a particle, Use

[1]

(ii) the particulate nature of electromagnetic radiation.
(b) Four electron energy levels in an atom are shown in Fig. 7.1. Q&
~0.87 x 10719 ?“
A
.

—1.36 x 10,

electron b

energy —2.4?6 13

Q —5.44 x 10719

Fig. 7.1 (not to scale)

An emission spectrum is associated with the electron transitions between these energy
levels.

For this spectrum,

(i) state the number of lines,

(ii) calculate the minimum wavelength.

wavelength= ............cccorriieeeeeeeeeeeee.. M [2]
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8 (a) By reference tothe photoelectric effect, state what is meant by the threshold frequency.

For
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Use

. [2
(b) The surface of a zinc plate has a work function of 5.8 x 10719J.
In a particular laboratory experiment, ultraviolet light of wavelength 120nm is @t
on the zinc plate. A photoelectric current [ is detected.

450 nm is switched on. No change is made to the ultraviolet lamp.

In order to view the apparatus more clearly, a second lamp emitting Iightﬁfwngth

Using appropriate calculations, state and explain the effect on the tnglec:tric: current
of switching on this second lamp.

© UCLES 2010 Q7N IACVNA N
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7 (a) State what is meant by the de Broglie wavelength.
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. [2
(b) An electron is accelerated in a vacuum from rest through a potential difference cﬁ&

(i) Show that the final momentum of the electron is 1.6 x 1072°Ns. Q

&
>

e

g‘b’ 2
(ii) Calculate the de Broglie wavelength of this elediron.

WEVEIENgIh = suanecssmasssnnunnssseant [2]
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(c) Describe an experiment to demonstrate the wave nature of electrons.

: ; . For
You may draw a diagram if you wish. Examingr’s
Use
%.
)
S 4
Q ................................................. (5]
o
© UCLES 2011 Q7NOIADIN/ 1711 [Turn over

WWW.MEGALECTURE.COM Page 15 0f 29
WWW. Vout ube. conl negal ect ure



what sapp: +92 323 509 4443, enmnil: negal ecture@mail . con

o0
MEGA LECTURE
16

7 Experiments are conducted to investigate the photoelectric effect.

For
Examiner's

(a) It is found that, on exposure of a metal surface to light, either electrons are emitted | Us
immediately or they are not emitted at all.

Suggest why this observation does not support a wave theory of light.

K

(b) Dataforthe wavelength 4 of the radiation incident on the metal su the maximum
kinetic energy E, of the emitted electrons are shown in Fig. T.:.

A/nm EHHD“Q@

650 (Z>'
240 .

Fig. 7.1

(i) Without any calculation, suggest why no value is given for E, for radiation of
wavelength 650 nm.

(ii) Use data from Fig. 7.1 to determine the work function energy of the surface.

Work IUNclion eneIgy = «vnisnnanieinmanmsamnsssd [d]

© UCLES 2011 a7ADA1 AT 114
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(c) Radiation of wavelength 240nm gives rise to a maximum photoelectric current 1. For
The intensity of the incident radiation is maintained constant and the wavelength is now |Examiner's
reduced. Uss
State and explain the effect of this change on

(i) the maximum kinetic energy of the photoelectrons,

(ii) the maximum photoelectric current I.
mx(yqummmmmmmmmm"m]
A 2
&*
Yo
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7  An explanation of the photoelectric effect includes the terms photon energy and work function
energy.

(a) Explain what is meant by

(i) a photon,

(ii) work function energy. ?“
.. [1]
(b) In an experiment to investigate the photoelectric effec ngdent measures the

wavelength A of the light incident on a metal surface and aximum kinetic energy

E ., of the emitted electrons. The variation with Ernax shown in Fig. 7.1.

For
Examiners
Use

o

ol 6 pyy—1
j.H[}m

E /1079
Fig. 7.1

(i) The work function energy of the metal surface is @.
State an equation, in terms of A, @ and E__ , to represent conservation of energy
for the photoelectric effect. Explain any other symbols you use.
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(ii) Use your answer in (i) and Fig. 7.1 to determine

For
Examiners

1. the work function energy @ of the metal surface, Use

¢ iR g J [2]

2. avalue for the Planck constant. i
\Q
&*
o

Plangk constant = .......ccccccceeeeeveeeeecevveceennnee. J S [3]
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8 (a) Explain what is meant by a photon.

20
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(b) An emission spectrum is seen as a series of differently coloured lines
background. t >

Suggest how this observation provides evidence for discrete electron engy levels in
atoms. %
.

' ((fb[]
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7 The photoelectric effect may be represented by the equation

For
Examiner's

photon energy = work function energy + maximum kinetic energy of electron. Use

(a) State what is meant by work function energy.

(b) The variation with frequency f of the maximum kinetic energy E. of phgl ﬁ-}
emitted from the surface of sodium metal is shown in Fig. 7.1.

X

Ez-j
0.6 '
E eV
0.4
0.2 {f'
_sI‘
2
LT3
0 _w;t_"'ILI
45 5.0 5.5 6.0 6.5 7.0 7.5 8.0
f/1014Hz
Fig. 7.1

Use the gradient of the graph of Fig. 7.1 to determine a value for the Planck constant h.
Show your working.

A= e S [2)]
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(c) The sodium metal in (b) has a work function energy of 2.4 eV. The sodium is replaced by
calcium which has a work function energy of 2.9eV.

22

For
Examiner's
Use

On Fig. 7.1, draw a line to show the variation with frequency f of the maximum kinetic
energy E, of photoelectrons emitted from the surface of calcium. [3]

Y

e

Q‘b
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8 (a) Explain what is meant by a photon.

23
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(b) An emission spectrum is seen as a series of differently coloured lines
background. t >

Suggest how this observation provides evidence for discrete electron engy levels in

atoms. % .

e

. Q )

o

- [2]
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(a) Explain how the line spectrum of hydrogen provides evidence for the existence of For

discrete electron energy levels in atoms. Examiner's
Use

24

—0.85¢eV %’

-1.50 eV (b
energy
A B Q
Y Y

-3.40 eV

Fig. 7.1
Two possible electron transitions A and B giving rise to an emission spectrum are
shown.
These electron transitions cause light of wavelengths 654 nm and 488 nm to be emitted.

(i) On Fig. 7.1, draw an arrow to show a third possible transition. [1]

(ii) Calculate the wavelength of the emitted light for the transition in (i).

wavelength = ... e, M [3]
© UCLES 2011 Q7N0/41 10/ 1 [Turn over
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(c) The lightin a beam has a continuous spectrum of wavelengths from 400nm to 700 nm. For
The light is incident on some cool hydrogen gas, as illustrated in Fig. 7.2. Examiner's
Use

in ciaent emerg ent
light cool hydrogen gas light
- -

S
Y

Using the values of wavelength in (b), state and explain the appe ?the spectrum

of the emergent light. i

Fig. 7.2

.[4]
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(a) Explain how the line spectrum of hydrogen provides evidence for the existence of For

discrete electron energy levels in atoms. Examiner's
Use

26

—0.85¢eV %’

-1.50 eV (b
energy
A B Q
Y Y

-3.40 eV

Fig. 7.1
Two possible electron transitions A and B giving rise to an emission spectrum are
shown.
These electron transitions cause light of wavelengths 654 nm and 488 nm to be emitted.

(i) On Fig. 7.1, draw an arrow to show a third possible transition. [1]

(ii) Calculate the wavelength of the emitted light for the transition in (i).

wavelength = ... e, M [3]
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(c) The lightin a beam has a continuous spectrum of wavelengths from 400nm to 700 nm. For
The light is incident on some cool hydrogen gas, as illustrated in Fig. 7.2. Examiner's
Use

in ciaent emerg ent
light cool hydrogen gas light
- -

S
Y

Using the values of wavelength in (b), state and explain the appe ?the spectrum

of the emergent light. i

Fig. 7.2

.[4]
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8 (a) State what is meant by a photon.
..[2
(b) It has been observed that, where photoelectric emission of electrons takes place,
is negligible time delay between illumination of the surface and emission of an e n
State three other pieces of evidence provided by the photoelectric Mr the
particulate nature of electromagnetic radiation. V
Toconvmnranas si s e s enuerme s e ST e vk S P S
; R
3..
(3]
(c) The work function of a metal surface is 3.5eV. Light of wavelength 450 nm is incident on
the surface.
Determine whether electrons will be emitted, by the photoelectric effect, from the
surface.
(3]
@ UCLES 2012 Q7N /ADINNA D
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7 (a) State what is meant by the de Broglie wavelength.

For
Examiner's
Use

..[2
(b) An electron is accelerated from rest in a vacuum through a potential difference n&

(i) Calculate the de Broglie wavelength of the accelerated electron. Q

o
D

A 3
&*
7o
WOV = ococnnnnnanan s s Y [B)

(ii) By reference to your answer in {iy; suggest why such electrons may assist with an
understanding of crystal structure.
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