CLASS 12 PHYSICS — FORMULA SHEET

Chapter 12 : Atoms (NCERT)

12.1 Atomic Models

Thomson's model Positive charge spread uniformly with electrons embedded (plum pudding)
Rutherford's model Tiny dense positive nucleus ; electrons orbit around it

Alpha-scattering result Most pass straight ; few deflected ; very few rebound — nucleus is tiny
Distance of closest approach ro = (1/411e0)(2Z€% + KE)

Impact parameter b = (Ze? cot(6/2)) + (4110 x KE)

Drawback of Rutherford Orbiting electron should radiate & spiral in (unstable atom)

12.2 Bohr's Model (Postulates

Stable orbits Electrons revolve in fixed orbits without radiating energy
Quantisation of angular momentum mvr =nh =+ (2m);n=1,2,3 ... G

Energy emission/absorption hv = E2 - E1 (transition betwee% orb}ts)

Applies to Hydrogen and hydrogen:lik;iohs (He*, Li?")

12.3 Bohr Model — Derived Formulas

Radius of nth orbit = (0.529 x n¥Z) A ri(H) = 0.529 A
Velocity of electron Vn = (2.18 XIO‘; ><7 Z/n) m/s vi(H) = c/137
Energy of nth orbit En= —173.23; Z%In? eV Ei(H) =-13.6 eV
Kinetic energy KE = :13.6 Z%In% eV = -En Positive
Potential energy PE = -27.2 Z%/n? eV = 2E, Negative

Total : KE : PE E:KE:PE=1:-1:2(TE = -KE = PE/2) —

Frequency of revolution f=v=+(2mr) —

12.4 Hydrogen Spectrum

Rydberg formula 1A =R Z% (1/n2? = 1/n2?) ; R =1.097 x 10’ m™*
Lyman series n1 = 1 — ultraviolet

Balmer series ni = 2 — visible

Paschen series n1 = 3 — infrared

Brackett series ni1 =4 — infrared



Pfund series ni =5 — infrared
lonisation energy (H) 13.6 eV (n=1to «)
Max spectral lines From level n: n(n—-1)/2

12.5 Energy Levels & Transitions

Energy of hydrogen levels n=1:-13.6 ; n=2: -3.4 ; n=3: -1.51; n=4: -0.85 eV
Excitation energy Energy to raise an electron from ground state to higher level
lonisation energy Energy to remove electron completely (n — «)

Energy of emitted photon AE = 13.6 Z? (1/n12 - 1/n2?) eV

Wavelength emitted A =hc = AE = 1240 + AE(eV) nm

* QUICK MEMORY AIDS & TRICKS

Angular momentum mvr = nh/21T — the quantisation condition (n =1, 2, 3...).

Energy levels E,=-13.6 Z%n?eV.n=1 - -13.6, n=2 - =3.4, n=3 — -1.51 eV.
E: KE:PE Total = -KE = PE/2. Ratio 1: -1 : 2 (handy check).

Radius & velocity r, « n?/Z (grows) ; v, « Z/n (shrinks) with higher n.

Spectrum series ‘Lyman UV, Balmer Visible, Paschen+ Infrared.'

Rydberg 1/A = RZ%(1/n,2 - 1/n;?). R =1.097 x 10" m™.

Spectral lines From level n down to ground: n(n-1)/2 possible lines.

lonisation energy Hydrogen ground state needs 13.6 eV to fully ionise.
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