Photoelectric Effect

Calculations



ENERGY PER PHOTON



E = hf

 E=Energy per photon
e f=frequency of light
 h =Plank’s constant =6,63 x 1034 J-s



Question 1

How much energy does each photon of UV light
of wavelength 288 nm have?



Solution: Given and required

Required: E
Given: 4 =288 nm
Known: h=6,63 x 1034 J-s

Equation: E = hf



Solution: how to find f

speed of light

light =
frequency of lig wavelength of light

_C
F=3

B 3x108m-.-s1

f= A




Solution: finding f

B 3x10%8m.s~1
B A

Given: A =288 nm
Known: nm =10 m
Therefore 288 nm =288 x 10° m



Solution: finding f

B 3x108m-s71

A
~ 3 X 1087~ s~ 1

288 X 10‘3}%’

Given: A =288 nm
Known: nm =10°"m
Therefore 288 nm =288 x 10° m
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Solution: finding f

hf

rm
I

3x108m. s~

N p
3x108 " s
= 288 % 10907

f=1,04 x 10% Hz



Solution: finding E
E = hf
Required: E

Known: h=6,63x103%]Js
f=1,04x 10 Hz



Solution: finding E

E=hf
= 6,63 x 1034 J-s x 1,04 x 10%° Hz
= 6,63 x 1034 J.#x 1,04 x 101> &1

=6,91x 10%°
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energy photon gives
=6,91 x 10 °

energy e needs to
break free from Zn

=6,91 x 10%°




energy photon gives
=6,91 x 10 °

Zn’s work function, W,

=6,91 x 10%°
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yAQ
Ca
Na

263
2389
427
539

1,53 x 10%°
1,14 x 10%°
1,04 x 101
7,03 x 104
5,57 x 1014
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=3,38 x 1017}




Na's W,

=3,38 x 1017}

/n's W,
=6,91 x 10%°




Question 2

How much energy does each photon of UV light
of frequency 1,5 x 101> Hz have?



Solution

E = hf
=6,63x103*Jsx1,5x 10" Hz
=6,63 x103 J-,i’x 1,5 x 1015,8/1

=9,95x 1017}
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break free from Zn
=6,91 x 10°1°




energy photon gives
=9,95 x 10°

energy e needs to
break free from Zn

=6,91 x 10%°
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Question 3

How much kinetic energy do electrons emitted
from the surface of zinc have when light of
frequency 1,5 x 10> Hz is incident on the zinc?



Solution

KE = E-W,
=9,95x 1019 - 6,91 x 1012 J
= 3,03 x 1019



E=hf
=9,95 x 10°1°




E=hf
=9,95 x 10°1°

W,=hft, S
=6,91 x 101°J kinetic
energy




E=hf
=9,95 x 10°1°

W,=hf, KE = hf-W,
=6,91 x 10'°} - 2/03 X107




Question 4

At what maximum speed are electrons emitted
from the surface of zinc have when light of
frequency 1,5 x 10> Hz is incident on the zinc?



Solution: v subject of formula
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Solution: Known values

2KE
17max=\/ -

m

Known: mofle =9,11 x 103! kg
Known: 3,03 x 10-1° J (from Question 3)



Solution

~12(3,03 x 10-19)
Vmax /79 11 x 10-31

Vmax= 815599 mes™
Vmax= 816 000 mest



Question 4

Light of a certain frequency is incident on a
piece of sodium. The maximum kinetic energy of
the emitted electrons is 1,07x1072%J. What is the

frequency of the incident light?



Solution: making f the subject of the
formula

KE o = E - W,
KE oy = f = f,

Mmax

KE.__ + hf,= hf — hf, + hf,

Mmax

KE, ., + hf;= hf

Mmax

nf =KE, . + hf,
KE, ., + th




Solution: Known values

KE__. =1,07x102°)
Na’s f,=5,57 x 10'* Hz
h=6,63x103%]Js



Solution: Known values

1.07x10-20 + 6,63 x 10-34.5,57 x 1014
/= 6,63 X 103

£=5,73 x 1014 Hz
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