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Derived from Newton's second Law : F = ma
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o HEEIRHER (torsional oscillator)
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o ERIERASFN (simple pendulum)
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0 = sinf , RIERIIFRTHN © = LY, HEMEA F = mgh = x
. T = 27r\/%
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T=27r\/§<1+1—16.sin207m+ml)%sinll%’"—i—...)
o 32 (physical pendulum)
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1.2 fERE#15=18¥Rz5) (Damped Harmonic Motion and Forced
Oscillations)

FHFEHREN
—MRIEBERSIERRARAN RS, ERGBIRBRIBIR T, FRfe/ISIRERLIEL :
d*z dz
mﬁ + b% + kx = (6)
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z(t) = zge ™ cos(wt + @) (7)

Heh, fRaRIFRERZIEERNG:

k b \?
“= \/ m (%) ®)
[ERSEBURMMNEIZEK, FERNVAERLISHSRMERERMN: (7 2IRIESRE - A A9RTE

/2N 1 1..2_—2% /0N


af://n296

\t) = EKILL'OG 7 \Y)

BRIz
HNERIESRIZ BRI TR F, FAEZEIRe), SERHINIRE, RIBEUR FINIERSIRTFBAIERIXR.
SERIERNAIS SR EE R IE R/ N R EHA M S EFRRT SR
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2(t) = %cos(w't _ B (11)
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1.3 NS FEIREN (2 Body Oscillations)
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2. HEEH
B FIg—4ER, KEN 4R, SaErTERN=4ER,
3. AR
ExfEERAYRIEIK (Harmonic Waves),
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2.2 17iR (Traveling Waves)
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RREEREHE BT, (BEEAARTHERTENEE.
1TIRASRAZ AT LA — MNBBRT I 2L AORREY f () HiiR, FERTIEE=EHIEIE,

y(@,t) = f(o - vt)

y(z,t) BEEEAE ¢ FUE ¢ BRI, f(r — vt) TREF. BE v RETENERERE. BERE

dz /dt SR T RAGBRIABEEE.

(16)

ERER c AEBE), BEERARA: y(z,t) = f(z + ot) EXFERT, 8EE de/dt = —v, T EEA

£ = R EE.
IE3%iR
IRAIRIGRRAR :
y(x,0) = yp sin(kz)
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y(z,t) = ym sin[k(z — ut)]
Lead or Lag
DHTRIFBIN x Z[AIRIARNK R,
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ya(za,t) = ymsin(kzy — wt — @) ya(@a,t) = ymsin[k(zs — §) — wi]

yp(€p,t) = ymsin(kzp — wt)
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EER—NMITE, B
#eE: dK = dmu? = § (udz)[—ymw cos(kz — wt)]?
AR R dK/dt = %ucﬁy?nv cos?(kx — wt)
e dU = F [\/m - d:c]
XEA dy/de = —ymk cos(kx — wt), AFLA
BEET R dU/dt = 1 Fuy? k? cos?(kx — wt)

BAE: F=v"u=(w/k)’u

B
dK =dU (26)
IhE=FiEE
SyThER:
P,, = (Z—f) = pw’y2,v[cos® (kz — wt)] (27)

BT cos? BETE— N eREHINMTEIIER 1/2, BATRILUEE):

1
P,, = E,uw2y72nv (28)

XEREHINREFRETE. AMERTS. RIBIFSKERIR—F.
RERE : BRUER CIRENE R TER

P av
I=— (29)
BENBMERSFEESHK (Wm?2) , ESEIREESBEX.
SIFRF IR, RIBEEEESMAMNE, FRLERESEEIREAIE AR :
1
2.5 iBAYENN
ENNEE: YINEER—=EER, FARZIR ARSI R ER NMABIEF.
BRI ERENRPEBRIWIRE, RERENSMBMELXER, SINREMIL.
y(z,t) = yi(z,t) + y2(z, t) (31)
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y(z,t) = y1(x,1) + ya2(z,t) = ymlsin(kz — wt — ¢1) + sin(kz — wt — ¢»)] (32)
ERfAAT:
y(z,t) = [2y;, cos(A¢/2)| sin(kz — wt — ¢') (33)

Hep, ¢ BRNRBMOFSE, A¢ BIBZE. HBRUEES), XNMERRIRIE/ LTS TR RINRIRIE
HHfE. 5 Ad AT, WNRTEES.

2.7 3ig

HR MREIKIER, BEERRTEBHRKEE SR,
LR NREERN RPEBE, BT LRAEER:
(z,t) = ym sin(kz — wt) + Yy, sin(kz + wt) (34)
MERAT:
y(z,t) = [2yy, sin kz] cos wt (35)

AR T —MESEARIEAT (FF) | MESEIRIERA (K8 MK, b ke = (n+ 3)7
((n) 28%) K, RIEN&EAE.

EMImEEAYSA LRI LA A BRIERIRT, SN AYRISFISERAIR RN T :
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o FERRIRIKEMA:

N\, — 2L
n = n
o XINAYSIEREM

fn - 'I’L%
Heh n TREE, v 2KE, L 2K,
2.8 FEiff
Good, almost the same as 2.1-2.7
ZEENR
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YMBREERRESE: = f (L) URERERR: = f(5)
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3. &
3.1 #z5h

1.1n a damped oscillator, let m = 250g, k = 85N /m, and b = 0.070kg/s. In how many periods of
oscillation will the mechanical energy of the oscillator drop to one-half of its initial value?
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Solution For small damping, w’ ~ w and the period is

mo_ 0.25kg
T = 2713/7 =27 85N/r€1 = 0.34s.

At t = 0, the initial mechanical energy is %kwfn According to Eq.8, the energy will have half this value
at a time ¢ determined from

1(17..2Y _ 17,2 —24¢
1 (5ka?) = skale 2

Solving for t and using 7 = 2™

o

_ 1 _ mlIn2 __ 0.25kgln2
t = 27‘1112— b = 0.070kg/s = 2.5s.

we obtain

The time ¢ is about 7.47T'; thus about 7.4 cycles of the oscillation are required for the mechanical
energy to drop by half.

. A uniform disk is pivoted at its rim. It is timed for small oscillations and the length of the equivalent
simple pendulum.

* Y
I;;

°0 Q

Solution The rotational inertia of a disk about an axis through its center is %MR% where R is the
radius and M is the mass of the disk. The rotational inertia about the pivot at the rim is, using the
parallel axis theorem,

I=1MR?+ MR? = 3 MR
The period of this physical pendulum, found from Eq.5 with d = R, is then
_ I _ 3 MR* _ 3R
T =2m\/ 3z = 2™\ 53158 = 2™/ 3¢
independent of the mass of the disk.
The simple pendulum having the same period has a length
_ I _ 3
L=qgr=3R
or three-fourths the diameter of the disk. The center of oscillation of the disk pivoted at P is therefore

at O, a distance %R below the point of support. Is any particular mass required of the equivalent
simple pendulum?

If we pivot the disk at a point midway between the rim and the center, at O, we find that
I= %MR2 + M(%R)2 = %MR2 andd = %R. The period T'is

— /I 3 _MR> __ 3 R
T =27 M—gd—27r ZMg(%R) =27 5?,
just as before. This illustrates the equality of the periods of the physical pendulum when pivoted about
(O) and (P).




3. Naturally occurring chlorine consists of two isotopes: 3*Cl, of relative abundance 76% and atomic
mass 34.96853 u, and 3" Cl, of relative abundance 24% and atomic mass 36.965903 u. (a) What is the
reduced mass of a molecule of HCl when it contains 3°CI and when it contains 37 CI? (b) The
vibrational frequency of a molecule of HCl is 8.5 x 10'3 Hz. Assuming HCl to behave like a simple two-
body oscillator, find the effective force constant k.

Solution (a) The reduced mass for is found from Eq.15, using the H mass of 1.007825 u:

 myme  (1.007825u)(34.96853u) 37 .
m= o = &'88?2%2“)*(32%'32?,33’5 )— 0.979593u. For H>"Cl we have similarly
_— _mame __ -~ U\ 90 u)
m= s = Lo07sZu+360650030  — 0-981077u.

(b) For the force constant, we obtain

k= 4n?fm? = 47%(8.5 x 1013 H2)(0.98u)(1.66 x 10 2"kg/u) = 460N /m.
3.2

1. Length = 0.4m, u = 0.02K g/m, F=200N,what is the f?

Solution u = w/% =4/ 22 =100(m/s)

fo=4 =1 = J000 — 125p

A 2x0.4
f1=125Hz
fo = 250H 2
fs = 375Hz

2.In the geometry, a listener is seated at a point a distance of 1.2 m directly in front of one speaker. The
two speakers, which are separated by a distance D of 2.3 m, emit pure tones of wavelength A. The
waves are in phase when they leave the speakers. For what wavelengths will the listener hear a

minimum in the sound intensity?

Solution The minimum sound intensity occurs when the waves from the two speakers interfere
destructively. If the listener is seated in front of speaker 2, then ro = 1.2 m, and r; can be found from
the Pythagorean formula,

ri=4/r3+D?=/(12m)? + (23 m)? = 2.6 m.

Thusry —r9 = 2.6 m — 1.2m = 1.4 m, and

we have 1.4 m = A\/2,3)X/2,5\/2,. .., correspondingto A = 2.8 m,0.93 m,0.56 m, . ..

Complete destructive interference will not occur at this location, because the two waves arriving at the
observation point have different amplitudes, if they leave the speakers with equal amplitudes.
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