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1. FUNDAMENTAL CONSTANTS

Value

Constant

6.626 x 1073* J-s
4.136 x 1071 eV-s

Planck’s const h

h in eV's

Speed of light ¢ 3 x 10® m/s
Electron mass me 9.11 x 1073 kg
Electron charge e 1.6 x 107*° C
hc 1240 eV-nm
he (in J-m) 1.989 x 1072 J-m
leV 1.6x 107" J
h/e 4.136 x 1071 Vs
EleV] = )\1[211 451} (Most used shortcut!)

/_[ * Common Pitfall 1

» h = 6.626 x 1072* J-s (SI), but 4.136 x 107*° eVs for
atomic-scale problems — use the right unit set!
» hc =1240 eV-nm only when A is in nanometres

\

2. PHOTON PROPERTIES

he h E
E = h = — = - = —
=Y PEXT
Rest mass of photon: mg = 0 (always)
h
Relativistic mass (effective): mqg = — = —
ch 2
P P
Numb f photons: n = — = —
umber of photons: n W he
(P = power of source [W])
Intensity at distance r: I = o [W/m?

Radiation pressure (absorbed surface): P,,q =

Radiation pressure (reflected surface): P,.q =

SIS

i + Common Pitfall W

» Photon has zero rest mass — it does NOT mean
Zero momentum

» Intensity depends on number of photons per sec-
ond; energy of each photon depends on frequency
only

» Doubling intensity # doubling frequency

|

Key observations table:

Parameter Effect
changed
1 Intensity 1 current, no

change in Vp

1 Frequency 17 Vb, no change
in saturation cur-

rent

Change mate- 1 or | ¢, changes
rial fo
f<fo No emission (re-
gardless of inten-
sity)
Vo (V)

Vp vs. f graph

Metal 1

slope = h/e

(same for all metals VOMEUﬂ 2

f (Hz)

fo1

P
No#mfZion below fo

Common Pitfall ]

-
*

~

» Slope of Vo—f graph = h/e for all metals (same slope,
different intercept)

Stopping potential is independent of intensity
y-intercept = —¢/e (negative); z-intercept = fo
Saturation current (not Vp) increases with intensity
Emission is instantaneous — no time delay (classical
wave theory was wrong here)

Yy VvV VY

3. PHOTOELECTRIC EFFECT

Einstein’s equation:

[ KBunax = hf — 9 = h(f — fo)

» ¢ = hfy = work function [eV or J]

» fo = threshold frequency [Hz]

» Ao = ¢/ fo = threshold wavelength
Stopping potential V/:

eVo = K Epnax = hf — ¢
h

Vo=2p-?
@

e

. J
4. WORK FUNCTION & THRESHOLD
Metal ¢ (eV) fo (Hz) Ao (nm)
Caesium 2.0 4.84 x 10 620
Potassium 2.3 5.56 x 104 540
Sodium 2.75  6.65 x 104 451
Copper 4.5 1.09 x 10*° 275
Silver 4.7 1.14 x 10%° 263
Platinum 5.65  1.37 x 10'° 219

Quick formula: Ao [nm| = 1240/ ¢ [eV]

* Common Pitfall ]

» Higher ¢ = lower Ao (need higher frequency, shorter
wavelength)

» Visible light (=400-700 nm) can eject electrons only
from metals with ¢ < 3.1 eV (e.g., Cs, Na, K)
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5. de BROGLIE MATTER WAVES .
( Lo h
)\ = — = —
p  mu

For particle of KE = K:

-

h
2mK

A=

Accelerated through pd V: K = ¢V, so
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V2mqV

For electron (m, = 9.11 x 1073! kg):

A=

1227

o= nm
VV
Temperature (thermal de Broglie):

3
K=-kpT = \= ———
2 B vV 3kaT
kp =138 x 10723 J/K
Comparison at same KE:

(V in volts)

1
A X —= = A\, < A (proton heavier)
m

vm

Comparison at same p: A same (since A = h/p)

/_[ * Common Pitfall 1

» A = h/mv uses particle momentum, not photon
momentum formula

» Heavier particle = smaller A\ at same KE

» de Broglie wavelength depends on momentum, not
speed alone

» For relativistic particles use p = ymgv, not mgv

\ .

6. DAVISSON-GERMER EXPERIMENT

Confirmed: wave nature of electrons

Setup: Electrons accelerated through V' = 54 V| scattered
by Nickel crystal

Bragg’s condition for diffraction:

[ 2dsin f = n\ J

d = interplanar spacing, § = glancing angle, n = order
Observed maximum at ¢ = 50 (scattering angle)
Lattice spacing of Ni ~ 0.91 A
Calculated X: A = h/2m.eV =

~1.67 A

Experimental )\ from Bragg’s condition: ~ 1.65 A
Conclusion: de Broglie hypothesis verified experimen-
tally

1.227

—— ~ 0.167 nm
V54

,_[ * Common Pitfall 1

» Glancing angle 0 in Bragg’s law # angle of incidence
from normal

» Diffraction maximum # reflection maximum; Bragg
gives constructive interference

» Davisson-Germer used reflection, G.P. Thomson
used transmission geometry

7. HEISENBERG UNCERTAINTY PRINCIPLE
h h
Azx-Ap> — = —
[ pre = 47 2
h
{ N ]
47

where h = h/27 = 1.055 x 10734 J-s

|

Position—momentum: Cannot simultaneously know ex-
act x and p,

Energy—time: Energy of state with lifetime At has un-
certainty AE

Minimum uncertainty form (often used in JEE):

Az - Ap = h (order-of-magnitude estimates)

+x Common Pitfall ]

» Use Az - Ap > h/4dw (exact) vs = h (approxi-
mate)—JEE usually accepts either for estimates

» Uncertainty is fundamental, not due to measure-
ment imperfection

» Ap in one direction only; Az in same direction

~
~
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8. COMPTON EFFECT

X-ray photon scattered by free electron = wavelength
increases

Ad=XN - A=

(1 —cosg)

MmeC

¢ = scattering angle of photon

Compton wavelength: A\, = = 2426 x 1072 m

MeC
= 0.02426 A

Special cases:

¢=0 AX=0 No change
=90 Ax=). =0.0243A

¢=180 AN=2)\. Maximum shift

Recoil electron KE: K, = hf — hf’

h(f = ")

i * Common Pitfall ]

» A\ depends on scattering angle only, not on
original wavelength

» Compton effect proves photon has momentum (p =
h/A)

» Not observed for visible light (effect too small;
)\c < Avisiblc)

» Conserve both energy and momentum in Compton
scattering

\

~

9. WAVE-PARTICLE DUALITY

Phenomenon Wave Particle

v

Photoelectric
effect

v

Compton
effect
Pair
tion

produc-

Interference
Diffraction

Polarization

NN

Davisson—
Germer

Bohr’s complementarity: Wave and particle natures are
complementary — only one manifests at a time
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Pair production: v — ¢~ +e* threshold: E, > 2m.c® =

1.022 MeV

Pair annihilation: e~ +e™ — 2y eachy has E = 0.511 MeV

+ Common Pitfall W

» Wave nature does not mean the particle is literally
spread out

» Electron diffraction (wave) and photoelectric effect
(particle) are shown by the same electron

» Pair production needs a nucleus nearby (to conserve
momentum)

10. KEY GRAPHS

I

K Emax i v ( )
KEmax Vs ]f S same v .
slope = h High I
! M1 « T
/ e
> f —r | >

| >
fo1 foz2 Vo

/_[ * Common Pitfall 1

» Both high and low intensity curves reach —Vj at
same stopping potential (same frequency)

» Saturation current o intensity; V independent of
intensity

» Slope of K FEyyax-f graph = h (not h/e)

» Slope of V-f graph = h/e (not h)

12. JEE SHORTCUTS & MASTER TIPS

One-line golden shortcuts:

E[eV] = 1240 / A [nm]

Ae[nm] = 1.227/+/V  (V in volts)

K B :hf_¢7 Vo :KEmax/e

Slope of Vo—f = h/e = 414 x 1071° Vs

Compton max shift (¢ = 180): A\ = 2), = 0.0486 A
A o< 1/4/m at same KE; ) same at same p

S S 89 9 =

7. Pair production threshold: 2x0.511 MeV= 1.022 MeV
Dimensional analysis check:
[h] =J-s=kg-m?/s (same as angular momentum)

A = hfpls ERSE

kgomfs Y

i * Master Confusion List ]

.
1. Stopping potential vs. work function: V; =

KEmax/e 7é ¢/6

2. Which slope? KE-f: slope = h; Vp-f:
=h/e

3. Intensity increase: more photons/s, NOT higher
energy per photon

4. de Broglie for same KE: \ « 1/\/m; for same
p: A = h/p (independent of mass!)

5. Photon momentum: p = h/\ # 0 even though
mo = 0

6. Threshold: even one photon of f > fy can eject
electron; no matter how bright f < fy light is, no
emission

slope

11. COMPARISON: PHOTON vs. PARTICLE

Property Photon Particle
Energy E hf = he/A imv® or qV
Momentum  h/A=E/c mv =
D 2mK
Wavelength ¢/ f h/p

A

Rest mass 0 m # 0

Speed Always ¢ v<ec

Charge 0 q

de Broglie wavelengths at same KE (K):
Ae > Ap > Ao (since me < my < ma)

At same p: A same for all particles

* Common Pitfall W

» A = h/p works for both photons and particles, but
p = E/c for photons, p = mv for particles

» At same KE: heavier particle has smaller A

» At same speed: heavier particle has smaller A (larger p)




