Mathematics for physicists

Lecturer: Prof. Ven-Chung Lee

(Dated: May 27, 2006)

From SHM to ellipse and Planck’s quantization condition
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2. Calculation of the area enclosed by the ellipse with equation % + =1
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3. Total mechanical energy:
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(1) area = any value > 0 (Newtonian mechanics £ = any value > 0)

(2) area=n-h,n=0,1,2,---, h = Planck const. (Planck’s quantum theory E = nhi
1 1
(3) area = (n + 5) h (Heisenberg’s quantum theory E = (n + 5) hv)
Heisenberg’s result is exact.

4. area of an ellipse with equation ;—22 + %2; =1
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integration by change of the variable:
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Mathematics for physicists

Lecturer: Prof. Ven-Chung Lee

(Dated: June 10, 2006)

More on ellipse-related math.

ellipse z=a-sinf , y=b-cosb

1. Arc length
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ds = ((dgr:)2 + (dy)2)

-cos’f=1—sin%0
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cds=a-(1—K -sin®0)%df ,

0<k<1

k =0 — circle
0 < k <1 — ellipse
k=1 — parabola ( = a>>b)

k > 1 — hyperbola

k
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= (a2 — b*)? /a — eccentricity



arc length from 6 =0to 0= ¢
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E (k,¢) : elliptic integral of the 2nd kind

binomial theorem
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2. Simple pendulum

v(04) =0 , 64 :amplitude of the oscillation

ds de
ds=14¢.d§ , pn EE—v

conservation of energy:
1, 1 (ds\* 1, (do\?
5mY (0) = -m (E) = §m€ %) = mgl - (cos 8 — cosf4)
= work done by gravity from 64 to 6

df ' 1
pri [2g£ (cos @ — cos 0,4)]?
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.". the period of the pendulum deps on the amplitude 64
-cosf =1—2sin?(6/2) , cosHA =1-2sin?(64/2)
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change of variable:
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by expansion
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