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39.41. IpENnTIFY: Since the stars radiate as blackbodies, they obey the Stefan-Boltzmann law and Wien’s
displacement law.
SETUp: The Stefan-Boltzmann law says that the intensity of the radiation is 7= &7, so the total
radiated power is P = cAT*. Wien’s displacement law tells us that the peak-intensity wavelength is
Ay = (constant)/T".
Execute: () The hot and cool stars radiate the same total power. so the Stefan-Boltzmann law gives
AT = AT = 4xRXTY = 47R2TY = 47(2.5R,)* T = 6.25T; = 6.25T* = T, = T\[2.5 = 1.6T,
rounded to two significant digits.
(b) Using Wien’s law, we take the ratio of the wavelengths,
giving 2&% % Tix/T2_5 = % =0.63, rounded to two significant digits.
EvaLuvate: Although the hot star has only 1/6.25 the surface area of the cool star. its absolute
temperature has to be only 1.6 times as great to radiate the same amount of energy.




image1.png
38.24.

IDENTIFY: The number N of visible photons emitted per second is the visible power divided by the

energy /if of one photon.

SETUP: At a distance 7 from the source, the photons are evenly spread over a sphere of area 4 =472
P _ (120 W)(0.10)

EXECUTE: (a) N=—=—"—""—_=362x10" photons/s.
I h(5.00x10% Hz)

(b) 4”2 =1.00x10"! photons/s - cm’ gives
-

47(1.00x10™ photons/s - cm?)
EVALUATE: The number of photons emitted per second by an ordinary household source is very large.

2
3.62%10" photons/
r:( ) puotonsls ] =5370cm=53.7m.
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39.27.

IpENTIFY and SET Up:  The wavelength of the photon is related to the transition energy E; —E; of the

atomby E, —E; :}L; where /c=1.240x10"°eV-m.

ExecutE: (a) The minimum energy to ionize an atom is when the upper state in the transition has
_1.240x10°eV-m

E=0, so E,=—17.50eV. For n=5—>n=1, A=73.86nmand E;-E, = —
73.86x107 m
=16.79¢eV. E;=-17.50eV+16.79eV=-0.71€V. For n=4—>n=1, 2=75.63nm and
E,=-1.10eV. For n=3 —>n=1. 2=79.76nm and E;=-1.95¢V. For n=2—>n=1.
2=94.54nm and E, =—438eV.
he  1240x10°eV.m
E-E  328eV

() E —E; =E,—E,=—110eV—(—4.38eV)=3.28¢V and 1=

=378 nm.

EvaLvate: The n=4— n=2 transition energy is smaller than the »=4 —n =1 transition energy so
the wavelength is longer. In fact, this wavelength is longer than for any transition that ends in the n=1
state.
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39.30. IpENTIFY and SET Up: Balmer’s formula is % = R(i -

22
‘we have 4, calculate f from f =c/A and E using E = hf.

EXECUTE: (a) l :R(%—%J:R(ﬂ] :R(ﬂ].

A 2?2 5 100 100
100 100
T21R 21(1.097x107)
¢ 2.998x10° m/s

== =6906x10" Hz.
® f A 4341x107 m

(©) E=hf =(6.626x107* J-5)(6.906x10"* Hz) =4.576x107*

Thus 2 m=4341x10" m=434.1nm.

For the H, spectral line 7=5. Once

J=2856eV.

EVALUATE: Section 39.3 shows that the longest wavelength in the Balmer series (H,,) is 656 nm and

the shortest is 365 nm. Our result for H, falls within this range.
transitions are in the eV range. and our result is of this order.

. The photon energies for hydrogen atom




