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7  Experiments are conducted to investigate the photoelectric effedt. (c) Radiation of wavelength 240nm gives rise to a maximum photoelectric current I.

(8) It is found that, on exposure of a metal surface to light, either electrons are emitted The intensity of the incident radiation is maintained constant and the wavelength is now
immediately or they are not emitted at all. reduced.

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

Wave thew 2 (&c}s A C(&( are on W\ .& peps Ve w\g‘e& S State and explain the effect of this change on ot
.................................... (Ao MIRE AN T A A Do arm | A 0 I A B~ SR D
\\:S\"k ...... ‘fé)év(\f(a‘umc Seﬂebs&cﬂ\o\w‘&a& .......... (i) the maximum kinetic energy of the photoelectrons, E - W

(b) Data for the wavelength A of the radiation incident on the metal surface and the maximum
kinetic energy E, of the emitted electrons are shown in Fig. 7.1.

1/ E /10718 .
A/nm K f. > £<, (ii) the maximum photoelectric current I.

o 3 L <}"o ﬂ; coUoJ' N:w f<—<&>ce, N o “"v*)"@/
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F|g 49 000 Bemssmee 0 e G e T R R

(i) Without any calculation, suggest why no value is given for E, for radiation of [EI
wﬂvﬂ'lengm Eﬁunm. ------------------------------------------------------------------------------------------------------------------------------

RA%N\S ........ M(& ........ \)k ............................................................ I _ L _ _L ] {\\\g—‘

....................................................................................................................... (1]

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

Ei oo = \"—3: ”>+ :L-A K_L; ASE
3

- E_’““JMX@*‘S - htgle” \—)\/\/©

24 4l N

QL - 3.3 4\ 52 x\o—ﬂ \l’ ),, D( (8

work function BNBNTY = ..o T s J [3] —_—




7 Anexplanation of the photoelectric effect includes the terms photon energy and work function
enargy.

{a) Explain what is meant by

...... &

0‘\8&&}{6“\ Qow\ ?\'\V(JJ .

(b) In an experiment to investigate the photoelectric effect, a student measures the
wavalength A of the light incident on a metal surface and the maximum kinetic energy

E,.q, Of tha emitted electrons. The variation with £, of % is shown in Fig. 7.1.
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Fig. 7.1
(1) The work function energy of the metal surface is &
State an equation, in terms of A, @ and E__., to represent conservation of anergy
for the photoelectric effect. Explain any other symbols you use.
E«\«;L‘.ﬁ—-“% ..................
)\ PL«MK 5_ zu;sh,}’ .5 5?@.93 3\ ‘j"‘} AR Y 21
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(ii} Use your answer in (i) and Fig. 7.1 to determine

1. the work function energy o of the metal suriace,

JJ—'—Q v,fmm%:"%
L

39000 - f-({:

2. avalue for the Planck constant.

M < l\
he

- [o\ K\o - o

-\9
32x) _ ol L CghL,l

[ A6 ¢ 3xl’

Planck constant = ... P

d [2]

.. Js [3]



some data for work function energy @ and threshold frequency i of some metal surfaces are given

in Fig.
metal $/107"2 fo/ 10" Hz

sodium 3.8 5.8

zinc 5.8 8.8

platinum 9.0 1+

(]

o | ‘J’-_ N @ .(;37\10’3H3 e gl

(11) Calculate threshold E_requenc}-' for platihum. fb @ H \. O‘ S}) V—' x_ \ D\ A ﬁ
(b) Electromagnetic radiation having continuous spectrum of wavelengths between 300 nm and 600 ] ™ ™
nm 1s incident, in turn, on each of the metals listed 1n Fig. f_ c =5 clD _ 3,& \° =S ' o x \0 . S x \Q
Determine which metals, if anv, will give rise to emission of electrons. ST -a -
’l 3'&*\ = Coo x\o
(c) When light of particular intensity and frequency is incident on a metal surface, electrons are
emitted. . ) C J_
State and explain effect, if any, on the rate of emission of electrons from this surface for light of the S‘b& P 2\ 6 N = \\ 3 Ve ( L\cke&e()“'(’ eﬁ ¢

same intensity and higher frequency.
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For a particular metal surface, it is observed that there is a minimum frequency of light below
which photoelectric emission does not occur. This observation provides evidence for a particulate
nature of electromagnetic radiation.

(a) State three further observations from photoelectric emission that provide evidence for a
particulate nature of electromagnetic radiation.

............. H‘Qfejﬁc.‘\"{ﬁ%

(b) Some data for the variation with frequency fof the maximum kinetic energy E,, ., of electrons
emitted from a metal surface are shown in Fig. 9.1.
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Fig.9.1

(i) Explain why emitted electrons may have kinetic energy less than the maximum at any
particular frequency.

(i) Use Fig.9.1 to determine

1.

2.

the threshold frequency,

threshold frequency =

the work function energy, in eV, of the metal surface.

b -\
@-Cﬁx

work function energy =

\:”> ( S .%x\:>

-\Q <

.G =) -
3U NS >_<

o

3ahs d

eV
‘Le.\/ SU= QL‘



(a) State what is meant by a photon.

...............................................................................................................................................

(b) A beam of light is incident normally on a metal surface, as illustrated in Fig. 8.1.
Pi=t
@ /,.-ﬂ-'-'—'—'-\\ll/light beam

metal surface

area of cross-section A d
1.3x10°m2

Fig. 8.1

The beam of light has cross-sectional area 1.3x 10-°m? and power 2.7 x 103 W.
The light has wavelength 570 nm.

The light energy is absorbed by the metal and no light is reflected.

(i) Show that a photon of this light has an energy of 3.5x 1019,

t- kc

@@\ ") () IEN e
(67 Ao L 235%18)

(1]

(ii) Calculate, for a time of 1.0s,

1. the number of photons incident on the surface,

T-F
A

T. 270

P ) 7T« w (1S *\;‘{\ o ) Txlo
ot 0 ok 77 x\o°
. X
t ‘&&7_ MUMber = ..o Ll coasilin [2]
2. the change in m E entum of the photons.
_ - D
Ne- p P > o - P ¥
N
po L LLYX RIS N <
)\' 570 '/\\O—q 12
2!
Aﬂ\ T8 « Héﬁ\OL B AC K
2
change in momentum = 0‘07\\0 ............ kgms-! [3]

(c) Use your answer in (b){ii) to calculate the pressure that the light exerts on the metal surface.

P e

—

A

[>p
NS

% \e

_ (a2 A\

\ + 15 ﬁ\o’g

pressure =




A photon of wavelength 6.50x 107'?m is incident on an isolated stationary electron, as illustrated

in Fig. 8.1. : . P "
(b) The angle & through which the photon is deflected is given by the expression

deflected photon L4
wavelength 6.84 x10-%m Ad = m,c

MGG photn where A4 is the change in wavelength of the photon, b is the Planck constant and c is the

ETT o e s T s speed of light in free space.
wavelength 6 50x 107 m

elect .
ng,;c;;& (i) Calculate the angle &. N
-\L g 3
Fig. 8.1 @ th - gcs . 665X < [ - (oS
The pheton is deflected elastically by the electron of mass m_. The wavelength of the deflected -3 3 X
phaton is 6.84x 1072 m, 0‘ \ X\b va 'X\O

(a) {:L-Ellﬂl-.l|ﬂlE-,|'l.'.I-l'thE incident photon, (C(é 61'1 ) g} \03 “ 2\ « c;""\ .A')JX\(;& _ \ ) '[ CQSG

(i) its momentum,
_3M

? = "\ é Q;P) K\O
O- 27

(ii) its energy.




10 (a) A metal surface is illuminated with light of a single wavelength A.
On Fig. 10.1, sketch the variation with A of the maximum kinetic energy E,,, .. of the electrons
emitted from the surface.

On your graph mark, with the symbaol 4, the threshold wavelength. Lol\‘d- ConeY
—
4
i E"\‘* - l\—L - L\c_
E'.m LO

‘ Enen X

1-
W
o
[ - ¢
: ) &

o ’
Fig. 10.1 3]

(b) A neutron is moving in a straight line with momentum p.
The de Broglie wavelength associated with this neutron is A.
On Fig. 10.2, sketch the variation with momentum p of the de Broglie wavelength A

* N
k P \

i Lol )
F

Fig. 10.2 2]

[Total: 5]
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7 (a) State an effect, one in each case, that provides evidence for 10 (a) State whatis meant by a photon.

() the NEVQMUW of a particle,
Le g’ c&\ o

(i) the partlc naiura of alaclmrnagnatlc radiation. (b) Light in a beam has a continuous spectrum that lies within the visible region. The photons of
’\c, e &"(\\’G,C)( e light have energies ranging from 1.60 &V to 2.60eV.

The beam passes through some hydrogen gas. It then passes through a diffraction grating

(b) Four electron energy levels in an atom are shown in Fig. 7.1. and an absorption spectrum is observed.

-18
—0.87 x 1077 () Al of the light absorbed by the hydrogen is re-emitted. Explain why dark lines are stil
i observed in the absorption spectrum.

\’\Oxb Mﬂe—{e—eﬂ“‘*sfﬁv\ﬁd\g} O e

N -1_35;.;1[]‘19'.,] /]\
£. ke §
E;“n‘:rm" J R - — b s JCCD’\O‘M ...... R T s 1| |
oy 42 % W
(i) Some of the energy levels of an electron in a hydrogen atom are illustrated in Fig. 10.1.
DE" 0.3\
1 ng /\\jr "\15\':""6‘-'I ks
. AR —5.44 % 10719 ' ™
-1/51
Fig. 7.1 (not to scale) 5% /Q q@ T- C, e)\/
An emission spectrum is associated with the electron transitions between these energy energy/eV -3 = \ - QO — 2 .o
Lo jusk Qdonw
levels. \)\b .
For this spectrum, ngo Vo x Yere N Jw/v&e,
(i) state the number of lines, N— 1
é 2 -13.60
(if) calculate the minimum wavelangti. -
L2 xlo 3@&3 Fig.10.1 {not to scale)
AE - € -€: nST<ls <
—\“\ The dark lines in the absorption spectrum are the result of electron transitions between
[ ShY - ( 57)] energy levels.
@ }\’ _ L] ’5‘; < ‘o’ On Fig.10.1, draw arrows to show the initial alectron transitions between energy levels ”n
_ J_‘ S 7 X\ g < . that could give rise to dark lines in the absornption spactrum. [2] l E »\(,
(iii) Calculate the shortest wavelangth of the light in the beam. \ AJ
=1
155 4o N 968 \Gxl3" c (Ao '\@*‘ \
wavelength = ... ...7.. . DT .. m[2 ANE = 28S :
-a 1T
B
/>E: 2§§*/\\C=7<\ \3 />\_‘: )187< x\b
wavelength = )’],C‘xlom [3]

[Total: 8]



7 a) S_”Pmi"' how the line spectrum of hydrogen provides evidence for the existence of {c) The light in a beam has a continuous spectrum of wavelengths from 400 nm to 700 nm.
T The light is incident on some cool hydrogen gas, as illustrated in Fig. 7.2.

each S in M spedom  cotonpnds fo.on shecdic

a’&«f\w«}om)we&fwe ...... Mw{glwvﬁ ................ ~S .99_'&(“ ™ T eme@em
Ve Q@.&@_._.%_&m@ _____ b A &1 érwte% Fciele ight Qg picichen gas ight

Hoo peen —> oot~
(b) Some electron energy levels in atomic hydrogen are illustrated in Fig. 7.1.
—0.858V
l Fig. 7.2
-1.50eV

Using the values of wavelength in (b), state and explain the appearance of the spectrum
of the emergent light.

4 energy

T R ot o200 o phao &\ ene;
SR

....................... (ex
Two possible electron transitions A and B giving rise to an emission spectrum are & x/ '\{\ & Y wo_[Ab
Shﬂwn- ----M—- --------- !m-\----m--------o ------------------------ )--
These electron transitions cause light of wavelengths 654nm and 488 nm to be emitted. !
o DL AR AAIER NN i st
(iy On Fig. 7.1, draw an arrow to show a third possible transition. [1]

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

-\
AE . 150 -(~08) - -0&S N « 1Cxlo
IR U RN

e

E:—\/_\’L_ 5 L é.(;im\o’“\(}x\o%
A A

N = lo( %\o‘b ya

wavelength = ... \o\ "\\O ................... m [3]



