
Chapter 1 Nature of Light

1 -1 . a) λ =
h

p
=

h

m v
=

6. 63 × 1 0− 34 J · s
( 0. 05 kg) ( 20 m/s)

= 6. 63 × 1 0− 34 m

b) λ =
h

p
=

h

2 mE
√ =

6. 63 × 1 0− 3 4 J · s
[ ( 2 · 9. 1 1 × 1 0− 3 1 kg) ( 1 0 · 1 . 602 × 1 0− 1 9 J ) ] 1 / 2

= 3. 88 × 1 0− 1 0 m

1 -2 . P =
Energy
time

=
n h ν

t
=
n h c

tλ
=

1 00
(
6. 63 × 1 0− 3 4 J · s

) (
3 × 1 08m/s

)

( 1 s) ( 550 × 1 0− 9m)
= 3. 62 × 1 0− 1 7 W

1 -3. The energy of a photon is given by E = h ν = h c/λ

At λ = 380 nm : E =

(
6. 63 × 1 0− 3 4 J · s

) (
3 × 1 08m/s

)

380 × 1 0− 9 m
=
(
5. 23 × 1 0− 1 9J

) 1 eV
1 . 60 × 1 0− 1 9J

= 3. 27 eV

At λ = 770 nm : E =

(
6. 63 × 1 0− 3 4 J · s

) (
3 × 1 08m/s

)

770 × 1 0− 9 m
=
(
2 . 58 × 1 0− 1 9J

) 1 eV
1 . 60 × 1 0− 1 9J

= 1 . 61 eV

1 -4. p= E/ c = m c2/ c = m c = 2 . 73 × 1 0− 2 2 kg · m/s, λ =
h

p
=
h c

E
=

h c

m c2
=

h

m c
= 2 . 43 × 1 0− 1 2 m

1 -5 . Ev= 0 = m c2 =
(
9. 1 09 × 1 0− 3 1 kg

) (
2 . 998 × 1 08 m/s

) 2
=
(
8. 1 87 × 1 0− 1 4 J

) 1 MeV
1 . 602 × 1 0− 1 9 J

= . 51 1 MeV

1 -6. c p= E2 − m2 c4
√

, whereE = EK + m c2 = ( 1 + 0. 51 1 ) )MeV. So c p= 1 . 51 1 2 − 0. 51 1 2
√

MeV

That is, c p= 1 . 422 MeV and p= 1 . 422 MeV/ c.

1 -7. λ =
h c

E
=

(
6. 626 × 1 0− 34 J · s

) (
2 . 998 × 1 08 m/s

)

E

(
1 eV

1 . 602 × 1 0− 1 9 J

) (
1 Å

1 0− 1 0 m

)
=

1 2 , 400
E

(
Å · eV

)

1 -8. EK = m c2

(
1

1 − v2/ c2
√ − 1

)
= m c2

[ (
1 − v2/ c2

) − 1 / 2 − 1
]
' m c2

[ (
1 − ( − 1 / 2 ) v2/c2

)
− 1

]
=

1

2
m v2

1



1 -9. The total energy of the proton is,

E = EK + mp c
2 = 2 × 1 09

(
1 . 60 × 1 0− 1 9 J

1 eV

)
+
(
1 . 67 × 1 0− 2 7 kg

) (
3. 00 × 1 08 m/s

) 2
= 4. 71 × 1 0− 1 0 J

a) p=
E2 − mp

2 c4
√

c
=

[ (
4. 71 × 1 0− 1 0 J

) 2 −
(
1 . 67 × 1 0− 2 7 kg

) 2 ( 3. 00 × 1 08 m
) 2
] − 1 / 2

3. 00 × 1 08 m/s

p= 1 . 49 × 1 0− 1 8 kg · m/s

b) λ = h/p=
(
6. 63 × 1 0− 34 J · s

)
/
(
1 . 49 × 1 0− 1 8 kg · m/s

)
= 4. 45 × 1 0− 1 6 m

c) λphoton = h c/E =
(
6. 63 × 1 0− 34 J · s

) (
3. 00 × 1 08 m/s

)
/
(
4. 71 × 1 0− 1 0

)
= 4. 22 × 1 0− 1 6 m

1 -1 0. nphotons =
Energy
h ν

=
Energy
h c/λ

=

(
1 000 W/m2

) (
1 0− 4 m2

)

( 6. 63 × 1 0− 34 J ) ( 3. 00 × 1 08 m/s) / ( 550 × 1 0− 9 m)
= 2 . 77 × 1 01 7

1 -1 1 . n1

n2
=
Ee/h ν1

Ee/h ν2
=
Ee λ 1 /h c

Ee λ2/h c
=
λ 1

λ 2

1 -1 2 . The wavelength range is 380 nm to 770 nm. The corresponding frequencies are

ν77 0 =
c

λ
=

3. 00 × 1 08 m/s
770 × 1 0− 9 m

= 3. 89 × 1 01 4 Hz ν38 0 =
c

λ
=

3. 00 × 1 08 m/s
380 × 1 0− 9 m

= 7. 89 × 1 0 1 4Hz

1 -1 3. The wavelength of the radio waves is λ = c/ν =
(
3. 00 × 1 08 m/s

)
/
(
1 00 × 1 06 Hz

)
= 3 m. The length of the

half-wave antenna is then λ/2 = 1 . 5 m.

1 -1 4. The wavelength is λ = c/ν =
(
3. 0 × 1 08 m/s

)
/
(
90 × 1 06 Hz

)
= 3. 33 m. The length of each of the rods is then

λ/4 = 0. 83 m.

1 -1 5 . a) t = D l/ c = ( 90 × 1 03 /3. 0 × 1 08
)
s = 3. 0 × 1 0− 4 s. b) Ds = vs t = ( 340 )

(
3. 0 × 1 0− 4

)
m = 0. 1 0 m

1 -1 6. a) Ie =
Φ e
∆ω

=
500 W
4 π sr

= 39. 8 W/sr b) Me =
Φ e

A
=

500 W
5 × 1 0− 4 m2

= 1 06 W/m2

c) Ee =
Φ e
A

=
Φ e

4 π r2
=

500 W
4 π( 2 m) 2 = 9. 95 W/m2 e) Φ e = Ee A =

(
9. 95 W/m2

)
π ( 0. 025 m)

2 = . 01 95 W

1 -1 7. a) The half-angle divergence θ1 / 2 can be found from the relation

tan( θ1 / 2 ) ≈ θ1 / 2 =
rspot
Lroom

=
0. 0025 m
1 5 m

= 1 . 67 × 1 0− 4 rad = . 0096◦

b) The solid angle is ∆ω =
Aspot

Lroom
2 =

π rspot
2

Lroom
2 =

π ( 0. 0025 m)
2

( 1 5 m) 2 = 8. 73 × 1 0− 8 sr.

c) The irradiance on the wall is Ee =
Φ e
Aspot

=
Φ e

π rspot
2 =

0. 001 5 W
π ( 0. 0025 m) 2 = 76. 4 W/m2 .

d) The radiance is ( approximating differentials as increments)

Le ≈ Φ e
∆ω ∆A laser cosθ

=
0. 001 5 W

( 8. 73 × 1 0− 8 sr)
(
π ( 0. 00025 m) 2

)
cos( 0)

= 8. 75 × 1 01 0
W

m2 · sr

2


