Example 1:

A piece of potassium is illuminated with violet light having a frequency of 7.5 x 1014 Hz. Electrons are
ejected from the surface with a maximum kinetic energy of 2.4 x 1019 J.

Find (a) the energy of the photons of the violet light in electron-volts
(b) the work function (binding energy) for potassium in electron-volts
(c) the threshold frequency for potassium.

Ld

Solution:
a
® By, =ht

_ (663 x 10734 35) (7.5 x 10** Hz)
1.6 x 1071° J/eV

=311 eV

=31eV

Or Egp = hf = (4141075 eVis) (7.5 x 1014 Hz)

=311 eV
=31 eV

(b) W =Eph-Ek

24x107°73
1.6 x 1071 J/ev
=3.11 eV - 1.50 eV

=311 eV -

= 1.61 eV "
=16eV
(©) W
fo = i
_ (161 eV) (1.6 x 107V J/eV)

663 x 10734 Js e
= 3.88 x 104 Hz "
=39x 104 Hz
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Example 2:

When ultraviolet light of wavelength 2.8 x 10/ m falls on a metal surface, the maximum kinetic energy

of the emitted electrons is 1.4 eV.

Find: (a) the energy of a photon of ultraviolet light
(b) the binding energy (work function) of the metal
(c), the momentum of a photon of ultraviolet light.

Solution:
(a) . he
ph = 3~
_ (663 x10734 J5) (3.0 x 108 m/s)
28x107 m

=710x10197 = 444 eV
=71x1097J or 44evV

(b) Eph=W+Ek
444 eV =W +14 eV

~W=30eV
() .
p = "x N3
_ 663x1073 Js
28x10" m

=237 x 10 kgm/s

3 =24x107% kgm/s in the direction of the photon
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Example 3:

Tha aranh halow shows the maximnm kinetic energy of an ejected electron plotted against the
trequency Of IgNt IO MuicLul £ .
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In an experiment, material "P" was bombarded with light of frequency 6.00 x 1014 Hz and the
maximum kinetic energy of an ejected electron was 3.00 x 1019 joules. 3
(a) Draw the line for material "P" on the graph above.

(b) Calculate Planck’s constant using the graph.
(c) What is the least energy that a photon must have to eject an electron from material "P* ?

(d) Find the wavelength of the smallest energy photon which is able to eject an electron from
material "P".

(¢) If material "P" is bombarded with photons having a frequency of 2.50 x 104 Hz, what is the
maximum kinetic energy that an ejected electron could have ?
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Solution:

(a)
4.00
3.00
n ‘ o
= OGP
6 200 oy 2
o XS
1] N
2 |h\ 1 ‘\KL‘
i W
S 1.00 ‘1‘\@’@
B_ |
m ﬂ 18
=g’- o Za * r——— =
wl o 1.00 FH 2.00 3.00 {54 4.00 B 5.00 i 6.00
Qv b x
'; e E.a
2 00 Frequency
- (10" Hz)
5
= -2.00 F
e
=
-3.00
() '
465x107197J
- _ 4 .
SPPG 7.00 x 104 Hz . gl
= 664 x 1034 Js :

Note: It is difficult to read the graph to three significant digits. Thus there is some uncertainty
about the third digit in this answer. The standard value of 6.63 x 1034 J.s will be used for

Planck’s constant in parts (c), (d), and (e).
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©  w-nf-E,

= (0.00 X 1v JDd SOV A LU [14) T IV A 1V -

-398x10719) -3.00x 10193
=098x10191]
=98x10207J

rd

@ N
Wesr

==‘hc
‘e w

_ (6.63 x 1073 J5) 3.0 x 10% m/s)
98x1027

=20x10%m

®© g -nf-w
= (6.63 x 10734 J5) (2.50 x 10* Hz) - 98x 102 J
=1.66x1019J -98x1027J
=68x10207
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Example 4:

LIENT WILD 3 WHVCICUELL UL 3.7 A 4V 11 laud Ul @ PLULUCISLUUUG 1Maus UL WEdUil WG Od8 8 WUTIK

function of 1.90 eV. The retarding potential is 0.60 V.
Find (a) the maximum kinetic energy (in joules) of an electron as it leaves the photoelectrode
(b) the maximum speed with which an electron reaches the collector plate. & It

Solution:
® B -BEy-W

he _
-~ w

-34
- (663 x 1039 I-Si?(,%o x 0% m/8) _ (190 eV)(16 x 10" J/eV)
d X m

=510x101°] - 304x10°1?]

=206x 10707
=21x 1097

®) g, -8, -E,
= Eki = qV
= 206 x 107 ] - (-16 x 10°%° C) (-0.60 V)
=110x 107197 "

1
Bk‘ = _z]xnr2 o

2B,

v = e

\m

2(1.10 x 1077 J) -
N 91x1031 kg

= 49 x 105 m/s
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