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Photoelectric effect

Photoelectric effect is the phenomenon of emission of electron from a metallic surface when radiation of
suitable frequency falls on it. The electrons thus emitted are called photoelectrons.

Experimental Arrangement to Study Photoelectric Effect

A systematic study of photoelectric effect can be
made in the lab with the apparatus as shown in Radiation
figure. Two metal plates C and A are sealed in a
vacuum chamber. Light of reasonably high fre-
quency pases through the transparent window
and falls on the plate C which is called the cath- c — —
ode or the emitter. The electrons are emitted by
C and collected by the plate A called anode or
the collector. The potential difference between @

—s
()

the cathode and anode can be varied externally. l_\l

The anode potential can be made positive or ,

negative with respect to the cathode. The elec- i

trons collected by the anode A flow through the

ammeter, batteries etc. and are back to cathode Figure 1: Experimental arrangement for photoelec-

and hence the electric current is established in tric effect

the circuit. Such a current is called a photocur-

rent.

When intensity and frequency of the incident light are kept fixed while the potential of the anode
is varied, it is increased in positive potential on the anode A till it reaches a value when photoelectric
current reaches a saturation value. Here all the emitted electrons reach the anode A and there is no further
increase in photocurrent with the increase in the positive potential of electrode A.

On the other hand, if the negative potential is applied to the plate A with respect to the cathode and
is increased gradually, we find that photocurrent decreases rapidly and finally becomes zero at a certain
negative potential on plate A. The minimum value of negative potential to plate A at which photoelectric
current becomes zero is called stopping potential or cut off potential (V). In such a case, the work done by
stopping potential is equal to the maximum kinetic energy of the photoelectrons emitted. i.e.,

— A

1
eVy = Emvzmax

Effect of Intensity of Incident Light on the Photo Electric Current

As the intensity of the incident light increases keeping frequency
constant more photoelectrons are emitted by the electrode C and I
hence photoelectric current increases linearly as shown in figure. (WA
SInce more intensity means more number of photons per second,
the number of electrons emitted from the metal surface increases
with increase in intensity of radiation.

Effect of Potential on the Photo Electric Current

For fixed frequency and intensity of light, photoelectric current
increases with increase in applied positive potential of plate A. When |
all the photoelectrons emitted by electrode C reach the plate A, the 0 ' (Intensity)
photoelectric current attains maximum value known as saturation
current. If the potential of plate A is decreased such that it attains
negative potential with respect to electrode C, no photoelectrons reach the plate A at certain value of
such negative potential. The potential is defined as stopping potential of cut-off potential. The I-V curve
of photocurrent due to a radiation of fixed frequency and intensity is shown in the Figure.
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Effect of Intensity of Light on the Photo Electric Current 1
If the intensity of the incident light is increased and frequency (Photo electric
is kept same then the value of photoelectric current and saturated current) Saturation
current increase but there is no change on stopping potential. /_ current
Effect of Frequency of Light on the Photo Electric Current Stopping
potential

Photo electric
current

—> V

L -V Y (Potential of Plate A)

/” Il
Stopping L>1)
potential

J

-Vo O Potential of
. . Plate A .
The intensity of incident light is kept constant, but the frequency

is changed so that in each case the saturation current is exactly the
same. Now for a given frequency f1 of the incident light, the positive
potential at plate A is decreased to zero. Now, the plate A is given
negative potential be VO1. The experiment is repeated with the in-
cident light of frequency f2¢f1. It is found that stopping potential f,> 1,

also increases. Thus, we found that the value of stopping potential

depends on upon the frequency of the incident light. £, Saturation

Threshold Frequency: When a graph is plotted between the fre- curfm

quency of the incident light and the stopping potential, it is found f,
to be a straight line as shown in the figure. It shows that there is

a minimum value of frequency fO of the incident light below which Vo2 -V, o) >V
photoelectrons emission is not possible. This frequency is known as

threshold frequency or cut-off frequency fy. The value of thresh-

old frequency depends on the nature of the substance emitting the

photo-electrons.

Laws of Photoelectric Emission

1. The minimum frequency, which can Vo
cause photoelectric emission, is called the
threshold frequency.

2. The rate of emission is directly propor-
tional to the intensity of the incident light,
provided the frequency is greater than the
threshold frequency.

3. The velocity and hence the energy of the o f
emitted photoelectrons is independent of
the intensity of the light and depends only in the frequency of the incident of light and the nature
of the metal.

4. There is an instantaneous emission of photo-
electrons within the limits of experimen-
tal accuracy.

5. The maximum velocity and hence the stop-
ping potential are independent of the in-
tensity of the incident light but are directly
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proportional to the frequency of the inci-
dent radiation for a given metal

Einstein’s Photoelectric Equation According to
quantum theory of radiation, light of frequency
f consists of a photons each of energy hf. When
a photon of light of frequency f is incident on a
metal, the energy is completely transferred to a
free electron in the metal. A part of the energy
acquired by the electron is used to pull out the
electron from the surface of the metal and the
rest of its utilized in imparting K.E. to the emitted electron. Let ¢ be the energy used up in liberating the
electrons from the surface of metal (work function) and %mvz is K.E. of the photoelectron, then,

1
hv=¢ + EmUZ
This relation is known as the Einsteins photoelectric equation. If fyi s the threshold frequency which
just ejects an electron from the metal surface without any velocity, then,

hfo=¢+ %m(O)2 = ¢ = hfo

Important Terms

1. Threshold frequency (fy)
The minimum frequency of incident radiation which is just sufficient to eject an electron (i.e. with
zero velocity) from the surface of the metal is known as threshold frequency (f;) for that metal.

2. Threshold wavelength (Ag)
The wavelength corresponding to threshold frequency is known as threshold wavelength A, The
incident radiation with threshold wavelength is just capable of ejecting photoelectrons. If the
wavelength is more than Ay, no photoelectrons are emitted.

3. Work function(¢)
The minimum energy of photon required to just liberate an electron from the metal surface with
zero velocity is known as work function (¢) of that metal.

Millikan’s Photoelectric Experiment

I
Hhb———

In this experiment, alkali metal is used as emitters. Cylindrical blocks made by sodium, potassium or
lithium are placed around a wheel W at the centre of the glass flask. To avoid tarnishing and the forma-
tion of oxide films on the metal surface, the metals are housed in a vacuum. Their surface was kept clean
by a cutting knife K which could be moved and turned by the means of a magnet outside. When a beam
of monochromatic light falls on the alkali metal, photoelectrons are emitted. The photoelectrons emitted
reach the electrode C. the electrode C is usually kept negative with respect to the cylindrical blocks.
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Therefore, photo electrons will be repelled and only fast moving electrons will be able to reach the elec-
trode C. Since the negative potential of electrode C is increased until the fastest moving photoelectrons
are repelled back and thus the current falls to zero.

Therefore,
L2 = \% Stopping potential .
Emvmmﬂ =¢eVo pping p Material 2
Vo Material 1 ¢, > ¢,
From Einstein’s photoelectric equation, hf =
¢+ 3mo, = +eV
1
hf =¢ + Emvﬁmx =>hf =¢+eV
0 — = Frequency f
h 7 7
Vo=—f- ¢ . d
e e —¢le Mo Threshold frequency
This equation can be compared with equation e _ o
of straight line y = mx + c with y = Vo, m = h/e, ,7 Stopping potential is zero at
x = f, and ¢ = —(¢/e), as shown in figure —p,le |4 threshold frequency (electrons
) > . ¥, ro 1 o 1 ic o
Therefore, once the slope of the straight line g i e RETh sy
is obtained from observation, Planck’s constant For each material,
(h) can be estimated. eV=hf—¢ or Vo= h_ ¢

e
so the plots have same slope //e but different
intercepts —f/e on the vertical axis.



