“2 DUAL NATURE OF RADIATION & MATTER &

1. DUAL NATURE

« Light (radiation) shows both
wave nature and particle nature.

e Matter (electron, proton, atoms
etc.) also shows wave nature.

» This is called wave-particle
duality.

Radiation — wave + particle

Matter — wave + particle

The minimum reverse potential

2. PHOTOELECTRIC EFFECT

Emission of electrons from a metal
surface when light of suitable

frequency falls on it.

Incident
light (hv)
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Metal surface

Conditions for emission :

© No time lag (instant emission).

© For a given metal, there is a
threshold frequency (vy).

© Photoelectric current is directly
proportional to intensity of light.

© Maximum kinetic energy depends
on frequency, not on intensity.
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5. STOPPING POTENTIAL (Vp) 6. INTENSITY vs FREQUENCY

(i) At constant intensity

(i) At constant frequency

Emitted

/ / electrons

3. EINSTEIN'S PHOTOELECTRIC EQUATION

Light consists of photons (energy packets).
Energy of incident photon = hv

{hvzd)—l—KmaxJ

Where,

h = Planck's constant (6.626 x 1073 s)
v = frequency of incident light

¢ = work function of the metal

K, .« = maximum kinetic energy

of emitted electrons

Maximum Kinetic Energy
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7. CURRENT vs VOLTAGE GRAPH
(Photoelectric Effect)
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4. THRESHOLD FREQUENCY

Minimum frequency (1) required

to just eject electrons.
Below this frequency, no emission
occurs, no matter how high the

intensity is.

Vo

¢
h

Also, ¢ = hy,

Where ¢ = work function
of the metal

8. PHOTON (LIGHT PARTICLE)

Photon is a packet of energy.

R ’N 3 Photoelectric 4
required to stop even the fastest . Current is directly K,.. (or V,) increases current (1) Energy: E = hv = E
photoelectrons so that photoelectric proportional to intensity. linearly with frequency. I A
o
current becomes zero. / E h
Momentum : = — = —
i Photoelectric | K ? P X
s current () (or Vp)
K. .x = eV, . (¢ = speed of light in vacuum)
> -
Vo ¢ Accelerating Photon
Retarding noteril \M
Where, e = charge of electron > > potential v
: : - 0 Intensity 0 Vo (-V) (+V)
V, = stopping potential of light Potential difference (V)

Frequency (v)

Photons are massless and

= Saturation current 5
always travel with speed c.

Stopping potential

|

12. HEISENBERG UNCERTAINTY PRINCIPLE

It is impossible to determine simultaneously

- GERMER EXPERIMENT

Electron beam incident on a nickel crystal

11. DAVISSON

9. WAVE NATURE OF MATTER

10. de BROGLIE WAVELENCTH

For a particle of mass m moving with |

(DE BROGLIE HYPOTHESIS)

Proposed by Louis de Broglie (1924) speed v : shows diffraction pattern. the exact position and exact momentum
Every moving particle is associated with \ h Detector of a particle.
a wave. S & h
Electron gun ; il AroAn > —
de Broglie Wavelength : For an electron accelerated through a ?;::l -Xp P = T
- : ’ s |
( potential difference V: = || |EEEL, ’E g ¢
A= h h Where,
P | A= —~ Ax = uncertainty in position
2meV -
‘ Ap = uncertainty in momentum
: Where, Conclusion :
Where, p = momentum of particle e ‘ (Ap = mAv)
S A—— — m = mass of electron Electrons show diffraction — proves R— P
1 = Planck’s constan _ 1 = Planck’s constan
e = charge of electron wave nature of matter.
V' = accelerating potential L

13. IMPORTANT GRAPHS
(i) Photoelectric Current vs Voltage

14. KEY FORMULAS SUMMARY

(i) K;ox vs Frequency (v) (i) K ax VS Intensity (at constant v) * Einstein's photoelectric equation : hv = ¢ + K,

K .. 15 independent of intensity. 2

From Einstein’s equation A e Mesimum kinetic energy : K, =-mv=eV,
K. =h ) 2
, max — "W — ¢ s 1 P
Km“ Kmax * Threshold frequency : Vo = 7
| | : he
! * Photon energy : E=hy = —
| h
| * Photon momentum : P= 5
B 7 0 v h h
o ? > * de Broglie wavelength : A= — = —
0 vo VvV O 'ntenSity I) my
& h
Slope = h AtV =-V,I1=0 K,... remains constant  For electron accelerated through V : — m—
x-intercept = 1/, (threshold frequency) At large +V, I = I, (saturation current) when intensity changes. h
¢ Uncertainty principle : Ax - Ap 2 e

15. KEY POINTS (HIGH WEIGHTAGE)

16. EXAM FOCUS (MOST IMPORTANT)

% Photoelectric effect (Einstein equation, graphs, Vj, v, K ax)

v/ Electron diffraction confirms wavelength
of mater.

v/ Light behaves as particle (photon) in photoelectric effect.

issi Id fr - - s wzone 5
v o_emisston: helow Swestoid frequancy’ (Ve v Heisenberg principle — fundamental limit % de Broglie wavelength (derivation & numericals)

v/ Intensity T — current T (at constant v), but K, ., unchanged.
of measurements. % Davisson-Germer experiment

Frequen K linearly.

v/ Frequency T — K, T i Y v/ Dual nature is the base of modern physics

: % Heisenberg uncertainty principle
(quantum mechanics).

v/ Matter (electrons) shows wave nature — de Broglie waves.

REMEMBER : LIGHT CAN BEHAVE AS PARTICLE, AND MATTER CAN BEHAVE AS WAVE — THIS IS THE BEAUTY OF NATURE! Q



