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Solutions for Homework set 1 — chapters 1—5 in Kinsler

1. (a) AB = ABexp[j2wt+0+¢) and RelAB} = ABcos2wt+0+¢)
(b) A/B = (4/B) exp[je ) and  RelA/B} = (A/B)cos(6- )
(¢) RelAlRe{B} = AB cos(wt + 0) cos(wt + @)
(d) From (a), phase = 2uwt+0+¢
(e) From (b), phase = g-¢
2. m=05kg m' =02kg t=1s g=98ms?> Ax=004m
AF = s'Ax = m'g
s = 02:9.8/0.04 = 49 N/m
= ys/m = /49/0.5 = 9.90 rad/s
B=1/t=1s"
R, =2mpB =10kg/s or 1.0 N-s/m
W = Jwo-p? = /981 = 9.85 rad/s or, alternatively,
w; = Wyl -(B/wf = w, [1-%(/3/«;)2] ~ 9.90[1-1/(2:9.8)]
~ 9.90(1-0.05) ~ 9.85 rad/s
x = Ae Pcos(w,t + @)
i = ~Awze Psinfw,r+ @) - APe P cos(w b+ @)
x0) = Acos¢ = 0.04
%0) = ~Aw,sing - BAcos¢ = 0
. tang = —ﬁ/wd = -0.1015
¢ =
A= 04/c08¢ 0.0402 m




f=Fsin90t t>20 and B < o,
f=-jFe

In this approximation w,; = W, 1 _(p/wo)Z 2 Wy - %p2/w0

The steady state (homogeneous) solution is u, = f/Zm = jweX,

1 -jF Jwgt ,
x, = —Jre ” _ __F e py Z, =R, for
Jjo, Z, WL,
F
X, = - cos Wt

o R,
Substituting into (1.8.1) yields the complete solution

X = Ae"’”cos(wdt+¢) -

m
Applying the initial conditions x©) =0 and | =0
dt -0
Acos¢g - o = 0
WoR,
-PAcosp - wAsing = 0
From the second equation sing _ —ﬂ but B < 1 so that
cos ¢ W, W,
F F

and then the first gives A = ~
o @R, cos(B/wy) R,
Substitution into the complete solution gives

F -ﬁt
X = e Pcos(w,t - B/w,) - cos wyt
o e oo~ b0y -cos
- £ e'p'[coswdﬁisinwdt]—coswot
wORm @y
Now for wgt < 1 with p/wo <« 1 this becomes
x = —E (e -1)cos Wyt
WoR,,

gives

¢ = -
w

COS Wt with constants to be determined

B
d

and for wg = 1 the exp(-f) makes the first term in the complete solution

negligibly small, so the above approximation is valid for all 1.



- m‘s..(w“") mt gy = F jar
U f., Zow) Fe™ dw e

445'4‘ f = mg-1(1)

; g Z(w) = j(wm - wls)
= @, = (s/m)"?
1 With the help of Table 1.15.1, we have
[ b
Gw) = 78 L
2n jw

Then, again usingTable 1.15.1

” Jjwt _ T m
U(,)=fm_1__e~_d,= mgf e

27 jw jwm - s/w) 27m ww2_w(2)
R I O U PO
=8| ———eMdt = =sinwy 1)
_w27[ wg_WZ W,

and integration over time yields the displacement

t
= g 1 - cos w,t
. S of)

X(@) = f U@dr - 8L COS Wt
0

W, Wy




8.y =dcos(3t-2x) p, = 0.1 glem
(@ A=4cm c=whk=3/2=15cm f=w/R2r=23/2n =048 Hz

A=2m/k=mn=31lcm k=2cm’!
() u =3y/at = -12sin(3t-2x) so (0,0) = O m/s

9 m, =02kg, m = 005kg, L =1.0m, sothat p, =005 kg/m
(@ ¢*=T/p, =02-98/005 =392 so ¢ =626 ms

(b)  cothl = Lkl = 92 kI - 4kL
m 0.05-1

By trial and error, or tables, kL = 048 so f = (048c/2nL = 048 Hz
The first overtone has kL = 3219 so f =321 Hz

A _ 1
ly(@)|  |sin3219]

(¢) 'y = AsinkL e/* from which we obtain

= 129

10. y = 2sin(x/5)cos3t with all units in cgs
(@) ¢ = w/k=3/1/5) =15 cm/s
f=3/2m) = 048 Hz

k=1/5=02cm™"
(®) x =172 =314/2 =5n

y = 2sinmcoswt = 0
amplitude = 0 cm  speed = O cm/s
x = L/4 = 314/4 = 51/2
y = 2cos3t = 0
amplitude = 2 cm  speed = 6 cm/s

2 2
E = lpL 02 ?2 + g
de 2 ox ot
1, (2254 (2% o053t + 36sin? ¥ sin?3t
27K 25 5 5

(¢)

= 1.8 (coszg cos?3t + sin2-J5E sin? 3t]

at x=1L/2 =571 %=;Lm2_3;
o dE . o .,
at x=L/4 =5mn/2 —d:—l,_&sm_az



10. cont’d (d) Since the total energy remains constant, we can choose any time for the

integration over x. For convenience, choose 31 = /2.
_ L.2£ - 18 IOn.z._x_dx
E 1.8fosm sdx 'fo sm5
107
=18-5 15_1' Zx_] =Ogx
25 5
= 28.3 ergs = 2.83x10° ]
11§ = 1x10* m? freeat x =0
L=025m loaded with 0.15 kg at L
m = 0.15 kg
m, = 7700%x1074-0.25 = 0.1925 kg
D ankL = - kL - -078kL so that KL = 212 = 2L
m, c
5050
=212——— =68 kHz
f 27-0.25
(b) E = 2Acoskxe/* and clamp the bar where coskx = 0
/1 7-0.25
= — X = = 522185 m
f 2 2-2.12
(c)
cosO _ 1 - 1901

coskL cos2.12

(d) tankL = -0.78kL kL = 4965  f = 680047'919; - 15.9 kHz

Alternate 11. A steel bar of cross section 0.0001m2 and 0.25m length is clamped at both endes.
a) what is its fundamental frequency for longitudinal vibrations? b) what is the
fundamental frequency for the same bar but free at both ends?

c=sqrt(y/rho); for common steel we can take Y=200 GPa = 2x10”11 Pa,
density=7900 kg/m"3, so ¢ = sqrt(2x10711/7900)=5030 m/s.

For longitudinal waves, cross-section does not matter as long as bar is
“slender” (L>>diameter) as in this case. For ends clamped,
f1=c/2L=5030m/s /0.5 m=10kHz

for ends free, result is same - difference is that clamped ends must be
nodes, free ends must be anti-nodes, but fundamental f has L = lambda/2.



12.

13.

14.

15.

wek = [rad/s][mys][m] = [m]*/[s] so ywcx has the dimensions of speed
v=ywck andif v =c then w =

A circular rod of radius ¢ has x = a/2 sothat f = c¢/mq and for this aluminum

xlo

rod £ - S15x10° _ 400 1y

n-0.005
2 2 2
Let L, = a and L, = 2a Then g =S |[B) (2} _ € |2, M
"™ 2\\a 2a 2a 4
c
= —/1.25
S 2a

fuffin = VI25/125 = 1.000  f,/f,, = V&25/125 - 1.844
Juffu = V2/125 = 1265 fu/fin = V57125 = 2.000
fisffin = 325/125 = 1612 f,,/f11 = /57125 = 2.000

a =20cm d=002cm  p = 7700 kg/m®
Y = 195 10°N/m> o = 028
@ d Y 2x107* 19.5 x 10
fi = 04712 = 0475 J o = 1230 kHz
a*\ p(1-d% 0.02% '\ 7700-(1 -0.28?)

(hy If d = 004 cm then f, = 2460 Hz

(¢) If a = 4cm then f, = 307 Hz
p = Acoskre’  andso @ - - coskre/®
r Jjwpyr
@ w=ve =2 A Gk Ok
or PoCr kr
(b) P _ . coskr
zZ =% =jp,c
u [ : coskr]
sinkr +
| kr_|
() A A1 [. . coskr].
It) = pu = —coskrcoswt————{smkr+ ]smwt
r T poc
2
= (é] Lcoskr[sinkr + coskr]cos wt sin wt
r) p.c

T
(d) Because %‘f cos wesinwt dt = Q we have )y =1=0
0



16.

17.

P =

(a)

(b)

(d)
(e)

(a)

(b)

2Pa  f = 100 Hz 1n air
2 2
=2 -2 48,107 Wm?
2p,c 2415

IL = 10log(4.8x1073/107"%) = 96.8 dB re 10™'> W/m?

U/w = P/(pcw) = 2/(415-27°100) = 7.7x10°° m
U = P/(p,c) = 2/415 = 4.82x107° m/s

P, = P/y2 = 141 Pa = 14.1 pbar

SPL = 2010g(14.1/0.0002) = 97 dB re 20 ubar

ME = -80 dB re 1 V/igbar = 20 log[.4 /(1 V/ubar)]

A = 10" V/ubar = 107 V/uPa

ME = 20 1og[10°/(1 V/uPa)] = -180 dB re 1 V/uPa
SPL = 80 dB re 1 ubar = 20 log(P/1 ubar)

P = 10" pbar

M = =80 = 20 log[(V/10M/(1 V/ubar)] = 20 log(¥/10%
Vv =

1



