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Photoelectric Effect: Modern Physics Lab
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Photoelectric Effect: Vg, vs. Frequency
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Wave
* Increase Intensity
— Rate Increase
- KE Increase
Increase Frequency
— Rate Unchanged
- KE Unchanged
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Photoelectric Table

Increase

Unchanged

Increase
Increase

Light is composed of particles photons

Result

Increase
Unchanged

Increase
Increase
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Metal

Symbol Work function

Cesium
Potassium
Sodium
Lithium
Calcium
Copper
Silver

Platinum

Cs
K
Na
Li
Ca
Cu
Ag
Pt

1.9
22
23
2.5
32
4.7
4.7
6.4
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example

A sodium surface is illuminated with light of wavelength 300nm. The work function for
sodium metal is 2.46 eV.

Find (a) The kinetic energy of the ejected photoelectrons

(b) The cutoff wavelength for sodium

()

The energy of the photons in the illuminating light beam is

E=hv=hc/A

E = (6.626 x 103+ J.5)(3.00 x 10® m/s) /300 x 10° m = 6.63 x 10-°J
= 6.63x10"°J/1.60 x 10'° J/eV = 4.14 eV

Using equation K ,, =hv-W

we have K, =4.14-2.46 = 1.68 eV.
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(b)

The cut-off wavelength can be calculated from equation A = hce/ W

since W =2.46 eV = (2.46eV) (1.60 x 10-'° J/eV) =3.94 x 10° J
Theni,= he/ W =(6.626 x 1034 J.5)(3.00 x 108 m/s) / 3.94 x 10° J
=5.05x10 "m = 505 nm

This is in the green region of the visible spectrum
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Example

Given: light with wavelength A = 300 nm incident on a metal surface. A stopping
potential, V,= 1.2 V is noted. Find:

(a) Maximum energy of emitted electrons

(b) Work function, W
(c) Cutoff wavelength, A

K, =eV,=12eV =12(1.6x10" coul )(Ljoule/ c) =1.92x10"" joule
=wmee—r 1. Photoslectric Effcet
K, =h-W=W=h-K,k_
_(4136x107° eV -5)(3x10°2)
max 300107 m
W =(4.14eV )—(1.2¢V ) =2.94 eV =4.70x10™" J

he If_f_\

W=hv,=h—=l =—
p w

0

w =h%—K (1.2¢7)

N AN
photon = wave particle of light

; (4.14x107%eV -5 )(3x10°m / 5)

7 =4.22x10"m or 422 nm
2.94¢V
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example : (more demanding)

An isolated copper sphere of radius 5.00 cm, initially uncharged, is illuminated by
ultraviolet light of wavelength 200nm. What charge will the photoelectric effect induce
on the sphere? The work function for copper is 4.70 eV.

The photons, with energy hv, will be absorbed by the electrons in the sphere and
will be ejected with maximum kinetic energy of hy - W

leK, . ,=hc/h -W
ie K, = (6.662 x 103* Js) (3x 10 m/s) / (200 x 10°)(1.6 x 10"° J) eV - 4.7eV
= 1.51eV

With the emission of the electrons, the sphere is left with a positive charge, and
therefore positive potential. The sphere potential increases to 1.51 eV, at which
point no more electrons can leave. Its charge is then given by V=k,Q/r or Q=
rV/k, wherek_ is the coulomb constant

Therefore Q =(5x 102 m) (1.51) / 8.99 x 10° = 8.41 x 10-'2 Coulombs
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