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E? =36+64+2(6)(8)cos 7/2 =100, E, =10; tancx = 8/6, &z = 53.1° = 0.93 rad.
E =10 sin(1207z¢ +0.93).

E, =E, cos(wt); E,=E,cos(wt+ca,).
E=E +E,=E,coswt+E, cos(wt+,)

=E, (2cos$(wt +wt +a,)cos 1 (ot —wt — a,))

=2E cos(wt +a, [2) cos(—a, [2).
Recall cos(—6) =cos8, so,
E =(2E, cos(,/2))(cos(wt + &, /2)) = E,, cos(wt + ).
To show that this follows from (7.9) and (7.10), recall that cos& =sin(@+ z/2) so that
o, - o +r/2=7/2, o, > a, +7/2.

In phase: ¢, = &, cos(ex, — ;) = cos(0) = 1.
(19) Ej =Ej;, +Ej, +2E, E,, cos(a, — &)

=Eg +E;, +2E,E, =(Ey, +Ey,)".
Out of phase, &, —«, =7, cos(ar, — ;) =cosw = —1.
(19) E; =E}, +E;, -2E,E,, =(E,, - E,)".

OPL =%.nx, = X(c/v,)x, = X,ct;, wheret, is the time spent in medium i. But ct, is also the distance the

[ At A it

light would travel, in vacuum.
1 m/500 nm = 0.2 x10” =2,000,000 waves. In the glass
0.05/4,/n =0.05(1.5)/500 nm =1.5%x10’;
in air
0.95/4, =0.19x107;
total 2,050,000 waves.

OPD =[(1.5)(0.05) + (1)(0.95)] — (1)(1),
OPD =1.025 -1.000 = 0.025 m,
A/2, =0.025/500 nm = 5x 10" waves.

OPL, = nx =(1.00)(100 cm) =100 cm =1.00 m.
OPL, =Z%.n,x, = (1.00)(89 cm) +2(1.52)(0.5 cm)
+ (1.33)(10 cm) = 103.82 cm = 1.0382 m.

A =O0PL, -OPL, =1.0382—1.00 = .00382 m.

(7.16) & = k,A =27 | A)A =27(3.82x107°m)/5.00 x 10" m
=1.28x%x10%z.

An integer multiple of 27, so waves are in phase.
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E =E, sinfwt —k(x+Ax)], so ¢, =—k(x+Ax). E, = E sin[wt —kx],
So «a, = —kx.
(7.9) E; =E}, +E}, +2E,E,, cos(a, - ;)
= Ejl + Ejl + 2E§1 cos(—kx — (—k(x + Ax))) = 2E§l (1+coskAx)
= 2E; (cos(0) + cos(kAx)) = 4E;, cos’ (kAx/2),
(see Problem 7.2),
E, =2E, cos(kAx/2).

E, sing, + E,sinc,

(7.10) tanx =
E, cosa, +Ey, cosa,

E,, sin(—k(x + Ax) + E,, sin(—kx))

" E, cos(—k(x + Av)) + E,, cos(—kx)
2sin L (—k(x + Av) — kx) cos L (—k(x + Ax) +kx)

" 2cos ! (—k(x+ Ax) — kx) cos ! (—k(x+ Ax) + kx)

= tan(—kx — (kAx/2)), @ =—k(x+(Ax/2).

E=E +E, =E,{sin[wt —k(x+ Ax)]+sin(wt — kx)}. Since

sin B+ siny = 2sin(1/2)(S + y)cos(1/2)(L—7),
E =2E,, cos(kAx/2)sin[wt —k(x + Ax/2)].
E=E,Re [e”““’” - e““”"”} =E, Re[eﬂ“Zi sin a)t]
= E, Re[2icos kxsin wt — 2 sin kxsin @wt] = =2 E sin kx sin @t.
Standing wave with node at x = 0.
E, =3coswt =320, (o, =0). E, =4sinwt, butsin@ = cos(d - 7/2), so
E, =4cos(wt-7n/2)=4L~-7/2. E,=E +E,.
E; =E, +E, +2E,E, cos(a, — ;)
=9+16+2(3)(4) cos(-7/2), E, = 5.
(7.10) tancx = (E, sine, + Ey, sina, )/ (E,, cosa, + Ey, cosar,)
=(3(0)+4(-1))/B(1) +4(0)) = -4/3; ar=-53°

so @ =53°=0.93 rad. Note that &, <@, so E, leads E,.

B

This is a 3 — 4 — 5 right triangle, thus A =5, =153°.
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7.12

12

A=+12>+6" =134
o =tan™' 5 =27°
12
7.13 By Faraday’s law, JE/0x = —0B/ox. Integrate to get
B(x, 1) = —j (OE/ox) dt = —2E k cos kxj coswt dt
=-2E,(k/w)coskxsinwt.
But Ejk/w=E,/c = B,; thus B(x, t) = =2B, cos kx sin wt.
7.14  Fringes are spaces A/2 vertically.
sin &= (fringes/cm) vertical/(fringes/cm) on film;
(fringes/cm) on film = (1/(1/2))/sin &
=(1/5.50 x 107" cm)/ sin(1°) = 1.04 x 10* cm™.
7.15 Nodes are spaced at A/2 apart.
c=vid, A=c/v=03x10°m/s)/(10" Hz)=0.03 m.
Node spacing is .015 m.
7.16 (7.30) E (standing wave) = 2E,, sin kx cos @t from two wave,
E, =E,sin(kx +wt); E, =E, sin(kx—wt),
S0,

E, =50sin(3 7zx +57t); E, =50sin(37x —57t1).
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717 E, = E,sin(kx F wt)
E, = pE, sin(kx * cr)

E=F, +E, = E;sin(fkx F wt) + pE, sin(kx £ @r)
= E,[sin kx cos @t F cos kx sin @t + psin kx cos wt + p cos kx sin wt ]
=E,[(1+ p)sinkxcoswt F (1 - p)cos kxsin wt]
= E [(1+ p)sinkxcoswt + (1 - p)(sin(kx F wt) —sin kx cos wr)]
= E [(++ p)sin kx cos wt — sindexeeset+ psin kx cos wt = (1— p)sin(kx F wr)]
=2FE,psinkxcoswt +(1— p)E, sin(kx F wt)

7.18 Hear beat frequency = v, —v, =2 Hz.

7.19 One can see that the relative phase of the two waves varies, and that a maximum occurs
(positive or negative), and that a zero occurs when the relative phase is £ns (n odd).
Also at the maxima, the relative phase between one wave and the net wave is zero.
At those zeroes where the relative phase between one wave and the net wave is
/2, the “faster” wave “laps” the slower one, and the relative phase changes abruptly.

720 E =E, cos[(k, +Ak)x—(w, +Aw)t];
E, = E, cos[(k, — Ak)x —(w, — Aw)t];
E=E +E,=2E, cos%[(k(, +Ak)x — (@, + Aw)t + (k, — Ak)x — (0, — Aw)t] X

cos%[(k( +Ak)x — (0, + Aw)t —(k, — Ak)x + (0w, — Aw)t]

=2E, [cos(k x — . t)cos(Akx — Awt)]
sothat k, =k, w, =@, Ak =k, , Aw = w,. Wavelength of envelope A, =27/k, =27/Ak.
Period of envelope T, =27/w, =27/Aw. Speed of envelope A, /T, = 27/Ak) | Cr/Aw).

m

721 E=E cosw.t+Excosa,tcosw.t
=E,cosw.t+(E a/2)[cos(w, —w, )t +cos(w, +w, )t].

Audible range v, =20 Hz to 20x 10’ Hz. Maximum modulation
frequency v, (max) =20x10’Hz. v, -v, (max)<v <v_+v, (max),
Av =2v, (max)=40x10’ Hz.

722 v=wlk=ak, v, = dw/dk = 2ak = 2.
723 o 4@ _(dw\(dv i
¢ dk dav )\ dA )\ dk

Use the fact that d_a) =2z, and ﬁ = _2—” :
dv i A7

2
v, = (27z)(ﬂj Al pdr
¢ dA)\ 2m dA
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724 _do_dQav) _ dv _ d (glj
) Codk dQ@n/A) dA/A)  dQ/A)\n A
b, = €4 C 40
$ n Ad/A)
-1
725 o =Spcddim_ cdn)
S n Ad/A) Ad(/A)
dn
=v+(-Dn )<
v, =v+(=D(n )ﬂd(l//i)
1 dn
v, =0|1-——
’ { ni d(lw}
1 dv dn
v,=0|1-——>7-—
¢ { nA d(1/2) dv}
dv
Insert v = :
¢ d(1/A)
-
v, =V|l-——
nA dv
U,V dn { v dn}
V=0, +—— 1+——
f nddv ¢ nA dv
v = 1
‘ [ vdn}
ndv
8
726 0=C=29210 M5 ) 635108 mys
n 1.449
8
=0 2O WA ) 045510 ms
n, 1.462
VD <DV

8

727 1/ v, = d(v/v)/dv and the rest follows.

7.28 From the previous problem 1/ v, = (nfc)—(vn® [cH)[d(c/n)]/dv and the rest follows.

729 v=|glk +y—k U, =V+kdv/dk, where
\/ Ve,

kE=
2 g/k+7/
8, vk
k p v
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We have A =2x/k, dA/dk = =27 [k* = —A/k so that the term
kdv/dk = k(dA/dk)(dv/dA) = k(-Alk)dv/dA = —-Adv/dA and the
expression for v, follows.

U, =V +kdv/dk and dv/dk = (dv/dw)(dw/dk) = v,dv/dw. Since v =c/n,

dv/dw = (dv/dn)(dn/dw) = —(c/n*)dn/dw,
v, == (V,ck/n’)dn/dw = v | [1+(ck/n* )(dn/dw))
=c/[n+ w(dn/dw)].

(7.40) n, =c/v,. From Problem 7.31 v, = ¢/(n+2(dn/dw)), so
n,=n+ a(dnldw) = n(v)+2zv(dn(v)/27zdv) = n(v) + V(dlzl(‘f)j

Starting with:

n, = n(v)+v dn(v)

dn dA
=n+v——

dA dv
da da 2r( 27 47
- U

__ck2

dv_(cjdk_ c
27

c
using: v=—-=%
g 27

Y
& k dA
n =n—/7,ﬁ
& dA

Using dimensional analysis:

Vi m/s

n: dimensionless
-1

k: m

then we have the following dimensional relationship which cannot be true:
1
mfs=m/s| 1+— |=m/s(1+m)
m

For v=a/A, v, =v-Adv/dA=alA + Aa/A* =2a/A =2v0.
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7.36 (7.38) v, =V+k(dv/dk) = c/n—(ke/n*)(dn/dk)
= c¢/n—(ke/n*)dn/dA)(dAldk)
=c/n—(ke/n*)dnldA) (=27 [k*)
=c/n+Qx/k)(c/n*)dnldA) = c/n+(Ac/n*)(dnldA)

731 o =Spdedn
f n o n*dA
_2.99x10" m/s  Ac An
¢ n n° AL
a="1""h 13301

y 2/11%12= 622.8 nm

= 299%10" m/s (6228 nm)(2.99x10° m/s)(  1.9x10”
* 1.3321 (1.3321)° 67x10” m

v =2.22x10% m/s

14

v=S=2225%10° m/s
n
V>0,
in(kl/2
738  v=w/k= @ sin(kl/2) _ @, sinc(kl/2);
(kl/2)

I
v, = dojdk = wT‘)sin(kl/Z).

7.39  v=w/k therefore @’ =w. +c*(w/v)* and
v=c/[l-(@,/w)1"; v, =dw/dk=ck/o=c1-(0,/0)]".

740 For & >, n* =1-(Nq’ /@’ e;m,) 2, f =1-Nq’ /w*€,m,. Using the

1/2

binomial expansion, we have (1-x)"" =1-x/2 for x <1, so that

n=1-Nq. 20" em,  dnldw=-Nq.|e,m,w’.

v, = c/[n+w(dn/dw)] = c/[1+ qu /2£0mea)2]
and v, <c, V= cn=c/[1- qu /2€0m€a)2]. By binomial expansion,
(1-x)"=1+x for x<1, v=([1 +qu /2£0m€a)2]; Y, = .
1 .
741 E =2E, coswt; E, = EEO sin 2. E=FE +E,
1 . .
=2E, coswt +—E, sin2wt = E (2 +sin@t) cos wt.
2

Resultant is anharmonic, but periodic with period @.

7.42 (a) Both sine and cosine terms are required because the function is neither symmetric
nor anti-symmetric about the origin.

65
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(b) Odd and even multiples are required because the waveform does not have half-wave or
quarter-wave symmetry.

(c) 173
(d) DC Term = Ay/2, thus Ag=2/3
(e) T=27w

7.43 j: ake sin bkx dx = (1/2k)[ j:cos[(a —b)kxlk dx —j: cos[(a +b)kx] kdx} ~0

if a #b. Whereas if a = b,
j: sin® akx dx = (1/2K) j:a +cos2ako)k dx = A/2.

The other integrals are similar.

7.44  Even function, therefore B,, = 0.
A = (2//1)11;1“ dx =Q2/A)(2A/a) = 4/a,

A = (2/1)]1/: (1)cos mkx dx = (4/mk A)sin mk

=2/mrm)sin2mr/a.

8 X 1 3+7mx 1 Srmx
7.45 x)=1-— cos| — |+—cos| ——— |+—cos| — |+---
/e ,[( (2j32 (zjsz (zj )

746 Ay=0,A,=A, and all other A,, = 0 moreover B,, = 0 so f(x) = A cos(zzx/L).

7.47
AN fix)

2n T 0 T 27 kx

7’ cos(kx) cos(2kx) cos(3kx)

748 A, =4/m’,m=#0;A, =87"/3; B, =—4x/m.
749 A =-2(1+cosmr)/z(m’> —1) where m#1 and A, =0.

sinkL/2
—c

750 f(x) =1 [E,L oskx dk
V4 0

_E\L Ia sin(kL/2 + kx) dk+ E,L Ia sin(kL/2 — kx)

= dk.
27 90 kL/2 27 0 kL/2
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7.51

7.52

7.53

7.54

Let kL/2=w, (L/2)dk = dw, kx=wx’,

E . /7 E . _ ’
f(X)=—OIb sin(w+wx") dw+—°jb sin(w—wx") dw,
w V4

7 <0 0 w
where b=al/2. Let w+wx'=t, dwiw=dt/t, 0Sw<b and 0<t < (x'+1)b.
Let w—wx"=—t in the other integral, 0 <w<b and 0<t < (x"—1)b.

E, cw+npsint E, co-vosint
-0 2 g0 o
f= T .[0 ¢ dt T Io ¢ dt,

£ =22 sifb+ 1] - Lo sifb - 1),
T T
with x”=2x/L.

E(t)=E, (l+lcosa)t+i0052a)t—icos4a)t+mj
7T 2 3z 157

f(x)=l+%sinkx—£

T T

cos(2kx) + cos(4kx) + cos(6kx) .
1-3 3.5 5.7

N f(x)

(a) The envelopes of frequency spectra become more compressed as the wavelength increases.
This is because the angular spatial frequency, k, is inversely proportional to the wavelength.

(b) The Fourier expansion of the square wave consists of only of odd harmonics of the fundamental
frequency. Thus if one considers the number of frequency terms present in a range defined by a
multiple of the square waves’ fundamental harmonic, then there will be the same number of terms
present.

(c) There are no even terms present because the expansion of a square wave consists only of odd
harmonic terms.

By analogy with Eq. (7.61), A(w) =(At/2)E, sinc(®, —w)At/2. From
Table 1, sinc(7z/2) = 63.7%. Not quite 50% actually, sinc(7/1.65) = 49.8%.

(@, —w)At/2| < 7|2 or —7m[At <@, — @ < 7r/At; thus appreciable values
of A(w) lie in arange Aw ~ 27z/At and AvAt ~ 1. Irradiance is
proportional to Az(a)), and [sinc (7z/2)*] = 40.6%.
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7.55

7.56

7.57

7.58

7.59

7.60

7.61

7.62

Ax, =cAt,, Ax, ~ c/Av. But Aw/Ak, = @[k, = c; thus
|AV/A/10| =V/A,, Ax, ~cA ALV, Ax, ~ A] [A4,. Or try using the
uncertainty principle: Ax ~h/Ap where p=h/A and A, < 4.

A4 =21x10" m
A, =446x10” m

¢ _ ¢ _ A _(446x10°m)’

, =2 = =9.26x10°m
A Ay A 21x107m

Ax, =cAt, =3%10°m/s 10°*s =3 m.

A4, ~ A2 IAx, = (500x 10 m)*/3 m,
AA, ~83%107* m=8.3x10" nm,
Ay 12y =AvIV =83x107°/500=1.6 x 107" ~1 part in 10’

Av=54x10"Hz; Av/v =(54x10%)(10,600x10~ m)/ (3 x10* m/s)
=1.91x10".  Ax, =cAr, ~c/Av, Ax, ~(3%10%)/(54%10%)
=5.55%x10°m.

Av/v =2/10"; c=vA, so

v=c/A=3%10° m/s/632.8x10° m =4.74 x 10" Hz.

(7.64) Al =cAt,.
Frequency range is £ 2(4.74 x 10" Hz) or 9.48 x 10" Hz, so

At=1.05%x10"s. AL =(3x10° m/s)(1.05x107° s) =3.15x 10’ m.

Ax, =cAt, =3x10°%x107"" =3x107 m, Av~1/At, =10" Hz,
AZ, ~ A} [Ax, (see Problem 7.35),

A, ~(632.8 nm)*/(3x107°m) =0.013 nm. Av =10" Hz,

Ax, =cx10™° =300 nm, AJ, ~ A’ /Ax, =133478 nm.

Av/]v =AA/A, (see Table 7.1)
=(1x10""m)/(600x 107 m) =1.67x10*.
c=vA, so v=c/A=Bx10* m/s)/(600x10~° m)
=5.00x10" Hz. Av=(1.67x107*)(5x10" Hz)
=8.35x10" Hz, so Ar=120x10"s.
(7.64) Al =cAt, =(3x10° m/s)(1.20x 107" §)=3.60x 10~ m.

Al =204,. (7.64) Al =cAt,, so
At, = Al Je =204, /c = 20(500 X 10~ m)/(3x 10° m/s) =3.33x 107" sec.
Av=1/At, =3x10" Hz.

Chapter 7 Solutions
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7.63

Av/v =AA/A, (see Table 7.1) = (1.2 x 10~ m)/(500 x 10~ m) = 0.0024.

c=VA, so v=c/A=3x10° m/s)/(500x 10~ m) = 6.00 x 10" Hz.

Av= Frequency Bandwidth = (0.0024)(6.00 x 10" Hz) = 1.44 x 10"* Hz.

At, =1/Av =6.94x10" s.

(7.64) Al = cAr, = (3x10° m/s)(6.94x 107" s) = 2.08x10™* m.

69



