
Quantum Physics

Photon

~ Asmall packetof energy of electromagnetic of
radiation. E=hf> frequency
~the

energy
is directly proportional to the

frequency of radiation. energy of Plank's constant

~E=hf where Eienagy of a photon one photon n =6.63x10-34Js

n: Plank's constant f frequency as v =fXsc
=fx&f=

E =hc < speed of light
X in vacuum
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metal plate This phenomenon was able to prove
the particle

Properties of Photoelectric Effect
1. Not all frequencies of Electromagnetic radiations were able

to produce a photoelectric effect.
2. One photon interacts withone electron only.



3. If the energy of photon is less Work - Function Energy (0)

than the Work Function energy It is the minimum energy
I frequency is less than thresholdfrequency) of photonrequired to

· no photoelectric effect(no emission of electrons) remove electron from the

· temp of the plate rises surface of metalhaving
electron absorbs photon and excite. Itcollides negligible kinetic energy.
with the neighboring atoms andelectrons and

transfer itsenergy to them.Therefore the It isthe property of the

vibrations of atoms increase andtemperature metal as nuclei of different
rises. metats hold their electrons

with different force.
4. If energy of photon is greaterthan the

Work Function energy Thresholdfrequency (fo)
I frequency is greater than threshold frequency) the minimum frequency of

electromagnetic radiation

Energyof Workfunction Maxkinetic energy requiredto remove electrons

photon energy of electron from the surface of metal
E =0 + Exmax having negligible kinetic
hf =4+Exmax energy.

=0
+Exmax

E =nf iff =f0 E =0

Part of the photon's energy is usedtodo P =hf. 0 =n
work againstthepull of nucleiand the

extra enegy is converted to kinetic energy threshold wavelength

of electron. Imaximum wavelength....

if & is greater than so,

phoion energy would be less
than 4 & no photoelectric

effectwouldoccur.



5. There is no time delay between the incidence of light andthe
emission of electrons if frequency is greater than the threshold

frequency. (Evidence for theparticle nature of light)

Intensity =Enagy > Intensity& Energy
Areax time

Energy =No.0f
xEnergy of

· Photoclectric Current is the photons each photon
vale of emission of electrons

Brightness frequency

6. If the frequency of the incident radiation is increased

I wavelength decreased red light replacedwith blue light)

ERmax:increased (photon energy increased of same
photoelectric current:says same rate of arrival of photons are same

7. If the intensityof the incident frequency is increased

Only brightness increased noof photons increased

ERmax:stays the same (photon energy is same
Photoelectric current:increase (rateof arrival of photons increase

8. If the frequency of the incident radiation is increased, keepingintensity
constant. (No. of photons decreased to keep Iviensitysame

Exmax:Increase (photon energy increased

Photoelectric Current:decrease (no. of photons decreased



How does Photoelectric effect rejects the wave theory of light.
1. According to wave theory, radiation of any frequency can

causea photoelectric effectif incidentfora longer aliation

of time.However, radiations only with frequencies higher
than thresholdfrequency caused photoelectric effect.

2. According to wave theory. There should be a time delay between
the incidence of light and emission of electrons.However there

was no time delay and the emission was instantaneous.

3. According to wavetheory, increasing intensity of radiation

will increase the maxkinetic energy of electrons. However,

intensityhas no effect on Exmax, rather increase the

photo electric current.

Stopping Potential
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~ If the intensityof the incidentfrequency is increased

Us stays thesame as Exmaxstays the same.

If the frequency of incident radiation is increased

Vs increases (Photon energy increased so Exmaxincreased

I more work needs to be done to stop)
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· When an electron de-excites

i.e. drops from a higher to

· In a cloud of hot gas electrons exists a lower energy level, itemits

at higher energy state due to higher photon of energy equal to

temperature. the energy gapbetween
· When these electrons dropfrom higher level

to lower energy state, they emita · Energy levels existaround

photon of energy equal to the energy the nucleus due to its

gap between levels. attractive force.
· Each color of the spectrum corresponds

· Energy levels closer to the

to the photon of discrete energy.
nucleus are more negative

· As photon enagies are discrete, the as electrons over there

electron energy levels are also will needmore energy

discrete. to escape the nuclear pull.



· photon energy = 3041 - 8.38 · E =wc

T
=3.03eV

3.03 x 1.6x18-19 =6063x10-34 x 3x10

A

X =401x10-7m VIBGYOR

Blue/Violet 400nm T00nm

b) Absorption Line Spectrum
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· When white light passes througha · As the dark lines belongs
cloud of cool gas, the electrons to photons of discrete
in the lower energy state absorb energies and each

photons of energy equal to the photon has energy equal

gap
between levels. tothe gap between levels,

· They excite to a higher energy this shows thatelectron

state andthen subsequently energy levels are also

de-excite emitting the same discrete.

photons in all directions.

· Hence the intensityof those
colors fall anddark lines

are seen on screen.



De Broglie's Wavelength

Every moving particle has a wave E=mc E =hc

#
associated with it and its

wavelengthis inversely proportional mcz=

mc
=h

x
to the momentum of particle.

P: or x =

p

isConstructing 3Interference

Destructionthe
When electrons were passedthrough workdone by Gainin Kinetic

a diffraction grating made of
Acc. Voltage energy

Graphite, the electrons diffracted Vxq =p2
and interfered forming rings 2m

on the flourescent screen P = 2mVq
nX =dsinQ

↓xsinol

If accvoltage is
>

momentum of >
A will less diffraction

increased electron inc. decrease "Rings getcloser
/

radius ofrings
decrease.


