AN EES
Photoelectric
Equation

The quantum explanation
of the photoelectric effect




The Quantum Nature of Radiation A

—

Classical Wave Theory: Continuous energy.

the photon

k= hv

E: Energy of h: Planck's v: Frequency
constant  of radiation

J

Quantum Theory: Discrete packets of energy.

Energy comes in indivisible units. You cannot have half a photon.



The Mechanics of Emission A

Kinetic Energy (K

The leftover energy that
Photon Energy (hv) dictates the electron's

maximum escape speed.

I'I"IEH.)

Work Function (¢,)

The minimum energy "toll”
required for the electron to
escape the metal surface.

Total incoming energy must exactly equal the energy spent plus the energy kept.
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Einstein’s Photoelectric Equation L

TopAll

Maximum Kkinetic energy
of the emitted electron.

Energy of the
incident photon.

"
Kmax = hv - ¢0

Work function
of the material.

This simple statement of energy conservation perfectly models
all experimental observations of the photoelectric effect.



Defining the Minimum Cut-off

Step 1:

Kinetic energy cannot be negative. The Threshold Frequency

Therefore, K__ > 0. (v,) occurs exactly at the
boundary where hv = @,

Step 2:

Applying Einstein's equation, we know
hv-@,2 @&

_ %o
el

Vo

Step 3:
Mathematically, this means hv > @,

TopAll

Below v,, a photon simply doesn't have enough energy to pay the work function ‘toll. No emission occurs, regardless of light intensity.



Connecting Equation to Experiment Topal
The Algebra The Geometry
Start: Ko« = hv — ¢ *_
Substitute Stopping Potential (K ,,x = €Vp) f : _ Slope
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Vo= —v— 221 :
e e I E% e Threshold Frequency
Rewriting the equation to match the ~ Y-intercept

straight-line graph format of y = mx + c. Frequency (v)



The Quantum Triumph H % /
f

Increasing INTENSITY Increasing INTEUENCY

Je J AVAVA R ITIITE
Increases the NUMBER of photons Increases the ENERGY of each
arriving per second. individual photon.

current), but with the SAME maximum maximum kinetic energy, but the number
Kinetic energy. of electrons stays the same.

// The particle model perfectly explains what classical waves could not. TopAll

J— Result: More electrons emitted (higher Result: Emitted electrons have a HIGHER
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