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1 The Impressionist painter Georges Seurat created
paintings with an enormous number of dots of pure
pigment, each of which was approximately 2.00 mm in
diameter. The idea was to have colors such as red and
green next to each other to form a scintillating canvas
(Fig. P38.17). Outside what distance would one be unable
to discern individual dots on the canvas? (Assume that A =
500 nm and that the pupil diameter is 4.00 mm.)

By Rayleigh’s criterion, two dots separated center-to-
center by 2.00 mm would overlap

d A

when ¢ . =-=1222.
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a0 (200x10™ m)(4.00x107 m)

Thus, 1= _[13im].

1.22(500 107 m)

2A Grote Reber was a pioneer in radio astronomy. He constructed a radio telescope with a 10.0-m-diameter
receiving dish. What was the telescope’s angular resolution for 2.00-m radio waves?
A 2.00 m
Onin =122—= 1.22u = | 0.244 rad =14.0°
D (10.0 m)
2B The pupil of a cat’s eye narrows to a vertical slit of width 0.500 mm in daylight. What is the angular

resolution for horizontally separated mice? Assume that the average wavelength of the light is 500 nm.

7
sing=2=200-10° M 440,707 rad
g 500x10

3A A beam of green light is diffracted by a slit of width 0.550 mm. The diffraction pattern forms on a wall
2.06 m beyond the slit. The distance between the positions of zero intensity on both sides of the central
bright fringe is 4.10 mm. Calculate the wavelength of the laser light.

The positions of the first-order minima are % ~ sin @ = = — . Thus, the spacing between these two minima
a

. A . A (a) (410x10° m)(0550x107° m)
A :2[—]L dth length z:[—](—] = =[547 .
1s Ay p an ¢ wavelength 1s > 7 L 5 J L 206m J

3B A screen is placed 50.0 cm from a single slit, which is illuminated with 690-nm light. If the distance
between the first and third minima in the diffraction pattern is 3.00 mm, what is the width of the slit?

_ AmAL  2(690x10 m)(0.500 m)
Y esing="2 Ay=3.00x10"° nm Am=3-1=2anda=—"—,_ ( ~[230x107 m]
Zxsinf=— AY =0.UUX nm Am a a= =[230x10"* m
! o PRI

4A Light from an argon laser strikes a diffraction grating that has 5310 grooves per centimeter. The
central and firstorder principal maxima are separated by 0.488 m on a wall 1.72 m from the grating.
Determine the wavelength of the light. laser



4A

The principal maxima are defined by IJ B i

dsin@=mA m=0,1, 2, -

- 0 0.488 m

For m=1, A=dsin6 . T

. . . —]
where 0 is the angle between the central (7 = 0) and the first order (7 = 1) maxima. The 172 m —
value of 6 can be determined from the information given about the distance between J—
maxima and the grating-to-screen distance. From the figure,

FIG. P38.24
4 .

tang=238M_ 0584 0 9=158° and  sind=0.273.

1.72m
The distance between grating “slits” equals the reciprocal of the number of grating lines per centimeter

1
=————=1.88x10"* cm =1.88x10° nm.
5310 cm

The wavelength is A =dsing=(188x10° nm)(0.273) = .
4B In a double slit experiment with the coherent light source of 500nm, d= 3a. Identify missing interference

maxima in the diffraction/interference pattern on the screen.

dsin®_mA N d_ m
asing A a m=3

5A The human eye is most sensitive to 560-nm light. What is the temperature of a black body that would

radiate most intensely at this wavelength?

A T=2898x10"mK so T=5175K

The radius of our Sun is 6.96 x 10° m, and its total power output is 3.77 x 10° W. Assuming that the Sun’s

surface emits as a black body, calculate its surface temperature. And find A, for the Sun.
1/4

1/4 2
P = eAcT?, soT=( P ] - 3.77x107 W = 575x10% K
eAo 1{

47(6.96 x10° m)z}(5.67 x10°* W/m*.K*)

2.898x10° m-K 2.898x107° m-K
(b) A= = =5.04x10"7 m=|504 nm
nax T 5.75x10° K



6 (Sp) The total power per unit area radiated by a black body at a temperature T is the area under the /(A, T)-
versus-A curve, as shown in Figure 40.3. (a) Show that this power per unit area is

[ 10.1)dr =0T

where I(A, T) is given by Planck’s radiation law and o is a constant independent of T. This result is known

as Stefan’s law. (See Section 20.7.) To carry out the integration, you should make the change of variable
Xx = he/AkT and use the fact that

J-oox3dx T
0e"—1 15

(b) Show that the Stefan—Boltzmann constant o has the value

270k,
=——2-=567x10" W/m* -K*
15¢7h
Starting with Planck’s law I (ﬁ, T) = L
& ! AT |:ehc/ﬂkBT B 1]

the total power radiated per unit area Tl(ﬁ, T) A= ]?Ldl

0 ! o A° |:ehc/ikBT _1] )
Change variables by letting xX= he

AkgT
and dx =— thﬂZ .
kgT A

Note that as A varies from 0 — o, x varies from o« — 0.
Then
o kit 0 3 kAT (24
[1(2, T)ar=-T38 [ dx= ”’;Bz Lﬂ_)
0 e (er-1) nc® 15

@ ( 254
Therefore, [1(2, T)da= & ud kB i) T* =

0

(b) From part (a),
4
275K 272°(138x10 J/K|

15K 15(6.626 x 1073 ].5)3 (3.00 x 108 m/s)2

o=[567x10"° W/m?.K* |.




