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CHAPTER 1 NATURE OF LIGHT

h 6.63 x 10734 J -5
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cp=VE?—m?c, where E=Ex +mc®>=(1+0.511))MeV. So ¢cp=+v1.511%2 — 0.511%> MeV
That is, cp=1.422MeV and p=1.422MeV/c.
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The total energy of the proton is,

1.60 x 107177

E=EK+mpc2=2><109< v

) +(1.67 x 10727kg) (3.00 x 108 m/s)*=4.71 x 1010 ]

B —mict | (471x107109)" = (167 x 10T kg)” (3.00 x 108m)2}_1/2

a) p= c - 3.00 x 105m/s

p=1.49x10"¥kg-m/s

b) A=h/p=(6.63x10"37J-5)/(1.49x 10~ ¥ kg-m/s) =4.45 x 10~ '®m
¢) Aphoton =h ¢/ E=(6.63 x 1031 J-5) (3.00 x 10%m/s)/(4.71 x 10-10) =4.22 x 1016 m
Energy Energy (1000 W/m?) (10~* m?)

ns = = = =2.77 x 107
Mtohoto hv he/A (6.63 x 10734 J) (3.00 x 108 m/s) /(550 x 10~ m) x

nliEe/thiEeAl/hciAl

TLQ_Ee/hVQ_Ee)\Q/hC_)\Q

The wavelength range is 380 nm to 770 nm. The corresponding frequencies are

¢ 3.00x10%m/s

€ ¢ 3.00x10%m/s
=N T 7010 9m

=3.89 x 1014 Hz V380:X_m:7.89 X 1014HZ

The wavelength of the radio waves is A = ¢/v = (3.00 x 108 m/s) /(100 x 10° Hz) = 3 m. The length of the
half-wave antenna is then A/2=1.5m.

The wavelength is A =¢/v = (3.0 x 108m/s) /(90 x 10°Hz) = 3.33 m. The length of each of the rods is then
A/4=0.83m.

a) t=Dy/c=(90x 10? /3.0x 108 ) s=3.0 x 10 *s. b) Dy=v,¢=(340) (3.0x 104 ) m =0.10m

. 500W ~ P 500W g
= Ao Arer =39.8W/sr b) M.= —————=10°W/m

A 5x10~%m?
7%7 @e o 500W . 2 - - 2 2
) Bem S = o3 = Ty~ W/ o O, =E, A= (9.95W/m2) 7 (0.025m)*=.0195 W

a) I,

a) The half-angle divergence 6;/, can be found from the relation

Tspot _ 0.0025m
Lioom 15m

tan(ﬁl/g)mﬁl/gz =1.67 x 10~ *rad = .0096°

Aot T30t (0.0025m)>

Lioon  Lioow  (15m)°

¢) The irradiance on the wall is F, = T _ (1)28 __0.005W 5 ="76.4W/m?
Aspot T1Z,0r  m(0.0025m)

d) The radiance is (approximating differentials as increments)

b) The solid angle is Aw = =8.73 x 10~ 8sr.

o, 0.0015W =8.75 x 1010 w

Lo~ =
Aw Adjaser cost (8.73 x 10~8sr) (7 (0.00025 m)?) cos(0) m? - st




