HWH#1 Solutions.

Q5. A piece of metal glows with a bright red color at 12KI0At this temperature,
however, a piece of quartz does not glow at all. Explain. (hint: quartz is transparent to
visible light.)

According to KirhoffOs law for radiation (se@mple12) the rate of emission for a body

is the same as rate of absorption at equilibrium. Since quartz is transparent in the visible
part of the spectru®almost does not absorb energy, it therefore follows that it cannot
easily emit energy.

Q8. Whatis the origin of the ultraviolet catastrophe.

The calculation of the energy density in a cavity is based on two parts: counting of the
allowed standing waves and estimating how much energy each of the allowed state has.
Since first part relies on purégabrabit must be rocksolid. The problem lies in second

part where equipartition theorem was used i. e. each of the standing waves has on average
energy of kT. Since the number of standing waves increasést s mot surprising that

total energy wildiverge.



P5. (a) Assuming the surface temperature of the sun to be’B708e StefanOs law to

determine the rest mass lost per second to radiation by the sun. Take the sunOs diameter to
be 1.410° m. (b) What fraction of the sunOs rest mass isdobtyear from

electromagnetic radiation? Take the sunOs rest mass ta1@#°X0.

a) Recall StefanOs law:

Rr = oT% 0=5.67x10"° W/m?/0K’

The total power emitted is equal to radian€® times the surface area of the €un
A=!d?

W=RrA=0T"1d?

Using famous one of the most famous formulas in physics &&= m
We calculate the loss of rest masspar second (its):

Mo =W t/c= oT*1d %/c?t=5.6 %10° W/m%/ 0K} (5700F0K* 1( 1.4x10%)2 m*(3x10° m/9)? 1s=
=4.1x10° kg

b) year is roughly equivalent to 310’s, thus per year

mo/M=4.1x10° kg 3.2107/2.0¢10*° kg = 6.510™

P6. In a thermonuclear explosion the enature in the fireball is momentarily “AIX.
Find the wavelength at which the radiation emitted is a maximum.

Recall modified WienOs laivnax T=a , wherea=2.898:10° mOK

Ama= o/T =2.89810° maK/k10" 0K = 2.89810"° m = 0.29 nm

this ishard Xray regimeE

P7.At a given temperaturemax= 6500 » for a black body cavity. What wilyax be if
the temperature of the cavity walls is increased so that the rate of emission of spectral
radiation is doubled.

Lets assume that far,.= 6500 « the cavity is at T and has radianced®%
When temperature is increased, new radiance RO=aR,@&§-20T*
Therefore T/TO=(1/T.

NOW Amax T = AGax TO = const. Solving faay and substituting for TO



AMGhax = Amax TITO Ana(1/2)Y4= 6500 » 0.84 = 5465 « E not a big change

P11.Attached to the roof of a house are three solar panels, each 1 m x 2 m. Assume the
equivalent of 4 hrs of normally incident sunlight each day, and that all incident light is
absorbed and converted to heat. How mgaijons of water can be heated from°@0to

120°C each day?

From problem 10 we learned that amount solar energy falling in unit time at normal
incidence on unit area is 1353 W/rm 4 hours 6 msurface will absorb energy

E = 1353 W/mM * 14400 s * 3*2m*= 116.9 MJ. Specific heat of water is 4.19 J/g/0K and
density ofp=1g/cn? = 1000 g/dm To simplify we will assume that water is kept under

pressure, so it does not evaporate when heated to 120 0C. The amount energy necessary
to increase the temperatuof water with volume V by "T is:

E=cVp"T
Solving for V:

V= E/ (o"T) = 116.9x10°3 / (4.19 J/g/GK * 1000 g/drh80 (K) =
=116.910°3 / (3.3510° J /dn?) = 349 liters = 92 gallons

this is less than average household use (close to capacity of tyqiea), but with larger
solar panels one could save fair amount of natural gas or electricity.

P20.Show that at wavelengtiaxwherepr(A) has its maximum

pr(Amay) =170 ! (KTY/(hc)'

PlanckOs formula for black body radiation expressed in terkis of

8mhe 1
pr(A) = 25 hel AT _

1

The location of maximum can be obtained from conditipfiJld\=0
(page 19 of the textbook):

Amax=0.201 he/KT

Evaluating first part opr()) yields:

8"hc _ 8"hc _ 8"k’ 384"(kn5
#  (0201$hc/KT)°  (0.201D)°(he)* (he)*




second part:

1 1 1 1

- | AKT T helkT 1(0.2 T T 10201 4 4
ehc/)\k _1 ehL/k /(0.20%c [ k )_1 €/O 0 _1 e 98_1

=0.006¢

Combiring the two parts indeed
pr(Amay) = 24384 ! (kTF/(hc)' 0.0069 = 168.25 ! (kTY(hc)*# 170 ! (kT)*/(hc)*

P24 Find the temperature of a cavity having a radiant energy denit2@d0 « that is
3.82 times the energy densityA&d=4000 .

" _8%hc 1 Lo 89hC 1
p1/pG = 3.82
8mhc 1 | |
)\,5 el’l()/)LkT _1 _)\,_SehC/)”kT _1_
8the 1 - 25 oM _q =3.82

)\:5 ehcll‘kT _ 1
after little bit of sorting:

hel ™ kT n5
e #1_ 3.82—

= 3.82(%)5 =0.11¢

hel "kT
e’ #1

we note thahO=2, thus

he/2"kT
e"! #1

=0.119

he! "kT
e’ #1

: hel2"kT
setting € =X

x"1
X2n1

=0.119

1 =0.11¢

(x" 1
x=7.4



thus
hc/(2\kT)=In 7.4

T=hc/(2\k In 7.4) = 17966 0K



