Sept. 12, 2007
Chem. 1410
Problem Set 1, Solutions

(1) (4 points) Note: since =c/ A, then, given a small change in wavelengthodf about a
central value ofl, the corresponding frequency changedis= (du/dA)oA = -(c/A*)I. [If

frequency increases, wavelength decreases: heaeedign.] Thus, appealing to the equation in
point (i), i.e.,D, (1)A4 =D, ()Av , we can write

j_’f 4 Av=D,@)av [1]
Cc

Note, either side of this equation gives the numdfemodes in the selected interval, and thus
Av and AA are the magnitudes of the (small) frequency angeleagth intervals, respectively.
Finally, Eq. 1 above implies:

87 8t
D (v) =X =
v Ac ¢

, QED

(2) (a)(2 points) In general, the average of@prty A over a discrete probability distribution
is given by< A>:Z p, A , where p; is the normalized probability to be in st@teand A is
j

the value of the propert4 in associated with staje In the case of interest here the states are
labeled byj=0,1,2,.. and the normalized probability to be in stats the Boltzmann factor

p, =e ™l /> e™'sT  Furthermore, the energy of statecorresponding t¢ photons in an
j=0
electromagnetic mode of frequenay is E, = jhw. Thus:

< E(U) >— h/z je—th/kBT /z e—jh//kBT .
j=0 j=0

(b) (i) (L point) The infinite geometric serigs x+ X + :% for |x <1 (otherwise the series
-X

diverges). In the case of our series expressio{@) , we identify x =exp(-hv /k, T)< 1, and
thus:

D()=[1-e™'*"1" | QED

(ii) (2 points) Differentiating the series f@(v) term by term w.r.tv:



oD/du = i N e
ST

-k T

and thus: NV) = oD(w)/ov, QED.

iii)(1 point) Given the expression in (ii) and teeplicit form for D(v) in (i), we can evaluate:

N
N ey
and hence:
hv
<E(v) >=h N(@W)/ D) = m , QED.



T iy : i .
root mean square speed, v__ = <v2>}£ = Ei—, in which m is the molecular mass and k is
P1.2) s m

the Boltzmann constant. Using this formula, calculate the de Broglie wavelength for He
and Ar atoms at 100 and at 500 K.

A= B _ 6.626x10™J s
MV N3kTm  \[3x1381x107 JK™ 100K x4.003amux1.661x10 kg amu™"
=1.26x10""m

for He at 100 K. 2=5.65x 10™"" m for He at 500 K. For Ar, ,1 4.00% 107" m and
1,79x 107" mat 100 K and 500 K, respectively.

P1.7) Assume that water absorbs light of wavelength 3.00 x 107® m with 100%

efficiency. How many photons are requ1red to heat 1.00 g of water by 1.00 K? The heat
capacity of water is 75.3 J mol™ K_
'; E=Nhv= N%ﬂ_nc AT

womConATA _ 1.00g 753K mol™ x1.00Kx3.00x10°m

_ 19
;- = = = - — =6.31x10
| M he  18.02gmol” . 6.626x107"1sx2.998x10°ms

P1 ..12) Show that the energy density radiated by a blackbody

Eromr (T 8mhy’ 1
—y - Ip (v,T)dv= _f PR dv depends on the temperature as 7'*.

0
. (Hint: Make the substitution of variables x = Ay / kT.) The definite infegral
- 3 4

s ,
je _l—dx - Using your result, calculate the energy density radiated by a blackbody

at 800 and 4000 K.

{ “8rhy l h
== dv. Let x =hv s S A
e e e,
8y’ | S k'T' T & 870 kT
J' i huy arV = 1.3 J 1'( dx = = )!(J J’(]
5 g e AT ] e et —1 15he

[1 ‘ 5 dered C 3 = =13 —144 4
ALB0O K, ; _*ﬂfr Alfj _ S{T (HSIXM.} JJK ) X (800 K) =3, 1010 m™
J ISHeT 15%(6.626%10™7 ) (2.998x10°m 57! )
-~ ey a0 =23 -is4 ~ 4
v 4000, w87 x(1.381x107) K™')* X (4000 K)

Y 15%(6.626x107') 5) %(2.998x10°m s}

=0.194 I m™
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P1.17) The observed lines in the emission spectrum of atomic hydrogen are given by

v(em™) =R, (cm‘l)[i2 - %Jcm‘l, n> n,. In the notation favored by spectroscopists,
n, n
1 = h_Ec and Ry = 109,677cm’™>. The Lyman, Balmer, and Paschen series refersto ny =

v
A
1, 2, and 3, respectively, for emission from atomic hydrogen. What is the highest value of
v and E in each of these series?

The highest value for v corresponds to % — 0. Therefore,

1

R12

<1
Il
£

jcm‘l =109,667cm™ or Emax = 2.18x10™*8 Jfor the Lyman series.

<1
Il
Py
£

2—12]cm‘l = 27419cm™ or Eqgy = 5.45%x10° Jfor the Balmer series, and

R, %}le =12186cm™ Or Epex = 2.42x10™° Jfor the Paschen series.

<1
Il

P1.19) If an electron passes through an electrical potential difference of 1V, it hasan
energy of 1 electron-volt. What potential difference must it pass through in order to have
awavelength of 0.100 nm?

2 2
E= Emev2 = 1me>< n h
2 2

m.A 2m A
-34 2
- B607I ;g0 g 1 _1504ev
2x9.109x10 " kgx (10 °m) 1.602x107%° J

The electron must pass through an electrical potential of 150.4 V.





