P201 Workshop 9, Week 9

Please follow the instructions of your supervisor regarding timing of these problems.

Physics
Show that from Planck’s law
8712 hv
M(V’ T) - c3 hv !
exp (kTT) -1
the Wien law
43 av
u(v,T) = C—Sbexp (_T) , a,b = constants
and the Rayleigh—Jeans law
812

u(v,T) = p(WE(V) = 5k,

follow as limiting cases.

(i) Calculate the first and the second derivatives of the Lennard—Jones Poten-

tial

V(r) =W {(g)lZ_z (a)é} , a>0, r>0.

r r

(i) Calculate the position 7y where the potential has its minimum, and
Taylor—expand it V (r) around this minimum. Sketch V() and its harmonic

(parabolic) approximation’.

*(iii) Determine the frequency for small oscillations of a mass m around the

minimum 7.

Math Practise

Find the first three terms in the Taylor expansion for small |x| around x = 0

of the following functions:
() f(x) =v1+x; (i) f(x) = arctan(x); (i) f(x) =1/V1+x;
(iv) f(x) =1/V1—x (v) f(x) =sin(x)/x.

Find the Taylor expansion (all terms) for small |x| around x = 0 of the fol-

lowing functions:
@) f(x) =1/(1+x).
(i) f(x) = cosh(x).

(i) Use the Taylor expansion of f(x) = /14 x to approximately calculate
V/10. Hint: Write 10 =9 +1 = 9(1+1/9).

(ii) Approximately calculate a) v/143 and b) 1/100 — 4, |a| < 10.

Math Problems

Taylor Expansions:

1
(i) Use In 1jj§ =In(1+ x) — In(1 — x) and show that for |x| < 1,
oo 2k+1
ln1+x =2 ad .
1-x  “&2k+1

Use this to find an approximate value of In 2.

(ii) Find the Taylor expansion (all terms) for small |x| around x = 0 of

f(x)

1 M > 1 integer and arbitrary.

Expand the following functions around x = 0 (first two or three terms),
sketch them in the vicinity of x = 0, and find lim,_,q f(x) (can be infinity
in some cases):

(i) f(x) = sin(x)/x. (i) f(x) = sin®(x)/x. (iii) f(x) = cos(x)/x.
(iv) f(x) = cx/(1+x). (v) f(x) = x/sin(x).
(vi) f(x) = 1/(eP* — 1), B > 0 (Bose distribution) .

No assigned reading for next week: Coursework due




