Department of Physics
University of Maryland

Physics 273 Fall 2003
Homework Assignment # 1

Due Sep. 8
1.1, 1.2, 1.3(1.6), 2.1, 2.2

Problem Solutions

1.1

In Fig 1.1 (a), the restoring force in the pendulum is
F = mi = —mgsin(d) & —mg7
mi + mg% =0

ii—l—%x:O

therefore, w? = % and the stiffness, s = % = %
Check the dimension! w? = [ML_2] = [T
For a small angle 6, T = sinf> 6
= L0 and i = LO
mLO + mgh = 0 é—l—%@zo

so, we have the same result. w? = %

In Fig 1.1 (b), mass is replaced by the moment of inertia, I and the stiffness

replaced by the restoring couple of the wire, C rad—".

m — I and s— C

mi + sz =0 = 16 +CO =0
é—l—%GzO w® =

Check the dimension! w? = [% = [%%—L] = [T72]



In Fig 1.1 (d), ignoring the force by the gravity, consider tensions of wires.

mi = — (T sin(f) — sin(—60)) = — 27T sin(0)
For a small angle, sin(f) ~ 6 ~ tan(f) ~ %
mi+2TT =0
i+ 2Le =0 W = 2
Check the dimension! w? = [%] = [MJ@TLPQ] = [T77

In Fig 1.1 (e), the restoring force is difference of mass in the cylinder,
F=-m,g9g=—pAxg
So, the stiffness, s = % = 2Apg
F=mi=—pAzxg
ALpZ + 2pgAx =0

where L is the total length of the fluid

Check the dimension! w? = [279] =

In Fig 1.1 (f),

PV7 = C = constant
dPVY + yPV7lqV = 0 P 1 4V g

dP = —yPY = —yp42

.. A
F=mi=dP-A= —fvaxA

pALT+ vP%xA =0

. PA
2

Check the dimension! w



In Fig 1.1 (g), the restoring force is due to the mass of the volume displaced
in the neck F=—pAxg
F=mz = —pAxyg

Apgi + pAgz

= PAg 2 _ pAg
. wo =
2 -3 -2
Check the dimension! w? = [An'zg] = [& 'MLMMLT ] = [T7

1.2 From the equation (1.2) z = Acos(wt) + Bsin(wt)

we can use these relations,

sin(A + B) = sin Acos B + cos Asin B
sin(A — B) = sinAcos B — cos Asin B
= cos Acos B —sin Asin B

( )
cos(A — B) = cos Acos B+ sin Asin B

(a) When A =acos(¢) and B = —asin(¢)

r = Acos(wt) + Bsin(wt) = acos(¢) cos(wt) — asin(¢) sin(wt)
= acos(wt + @),
and verify ¥ + w?r = 0
i = — wlacos(wt + ¢)
2

i+ wlrt = — wacos(wt + @) +w’acos(wt + ¢) = 0,

(b) When A = —asin(¢) and B = acos(¢)

x = Acos(wt) + Bsin(wt) = — asin(¢) cos(wt) + acos(¢) sin(wt)

= a[sin(wt) cos(¢) — cos(wt) sin(¢)] = asin(wt — @),

and verify & + w?z = 0
i = — wrasin(wt — ¢)
i+ W't = — Wwasin(wt — @) +wiasin(wt — ¢) = 0,
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(¢) When A =acos(¢) and B = asin(¢)

x = Acos(wt) + Bsin(wt) = acos(¢) cos(wt) + asin(¢) sin(wt)

= acos(wt — ¢)
and verify & + w?r = 0

i = — wlacos(wt — @)

2 — w?acos(wt — ¢) +w?acos(wt — @) = 0,

T+ wr =
13 (a) Att =0,z =a
1) z = asin(wt + ¢) — a = asin(¢) sin(¢) = 1

¢ = 5+ 2nt  where n = 0,£1,+2...

2) x = acos(wt + ¢) — a = acos(¢) cos(¢) =
¢ = 2nm where n = 0,£1,£2...

3) v = asin(wt — ¢) — a = asin(—¢) —sin(¢p) = 1

¢ = 37” + 2nm where n = 0,+1,+£2...

4) z = acos(wt — ¢) — a = acos(—¢p) cos(p) = 1

¢ = 2nm where n = 0,%+1,£2...

(b) Att =0, 2= —a

1) = asin(wt + ¢) —  —a = asin(¢) sin(¢) =-1

O = STW—I—?TMT where n = 0,+1,4+2...

2) © = acos(wt +¢) — —a = acos(p) cos(¢) =—1

¢ = 7+ 2nmt where n = 0,£1,+£2...
—a = asin(—¢) — sin(¢p) =—1

3) x = asin(wt — ¢) —

¢ = &+ 2nm  where n = 0,+1,£2...

4) xr = acos(wt — ¢) — a = acos(— )

¢ = 7+ 2nm  where n = 0,£1,£2...

For each ¢, find values of wt at (c) x = 75,
From the result of (a),
1) * = asin(wt + 5) = acos (wt)
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2) v = acos(wt + 0) = acos(wt)

3) v = asin(wt — 3777) = acos (wt)
4) © = acos(wt — 0) = acos(wt)

so, these four have same wt at each position,

(c) x:7a§ — V%Zacos(wt) wt = £7+2nt n = 0,£1,+2,...

cos (wt) wt = £5+2n7 n = 0,£1,42,...

d z=§ — G=a
0 — 0=a

cos (wt) wt = +5+nr n=0,+1,42, ...

Similarly, from the result of (b),

1) z = asin(wt + 377) = — acos (wt)
2) © = acos(wt + ™) = — acos(wt)
3) © = asin(wt — 5) = — acos(wt)
4) x = acos(wt — ) = — acos(wt)

so, these four have same wt at each position,

(C)xzv% — %:—acos(wt) wt=m+tF4+2nm n=0+1,+£2,...

d z=5 — §=-acos(wt) wt=mrEtg+2nr n=0=%1,+2, ...
0 — 0= —acos(wt) wt = +5+nr n=0,+1,42,...

1.6 (273H) r = asin(wt + ¢)
At time ¢t = 0, from a position z, with a velocityz = v,

Show that tan(¢) = ™ and a = /22 + (2)2

r = asin(wt + ¢), T = awcos(wt + @)
z(0) = z, = asin(¢) —  sin(g) =
i(0) = v, = awcos(¢p) —  cos(d) = 22

L= sin?(0) + cop = (%) 4 (L2)?




2.1
r = e P'(Fcoshqt+ Gsinhqt)

From the initial conditions, at t = 0, x(0) = F and & =0

i = —pe P(F coshqt + Gsinhqt) + e P (Fsinhqt + G cosh qt)

£(0) = —pF4+q¢qG=0
S0,
G_v»r w1 r
F q - r2_ 1 — 47f;” V1?2 —4dms
2.2 »
r = (A+ Bt)e 2m
i = BeFn 4 (A+Bt)(—%)e‘%
f = - pie b Blog e d b (A4 B e
T = — —— € 2m — ) e 2m _ e 2m
2m 2m 2m
B’l“ rt rt T rt
= — e Tme om A+ BH(—)2 e 2m
L ed e 4 (A4 BY)(;) e
Then,
mx +rz+sr = 0
Br ot 7”2 ot
m[—ﬁe 2m 4 <A+Bt)477”n26 2”1]
+ r[Be i o+ (A+Bt)(—2L)e’%] + s (A+ Bt)e on
m
rt T2 rt
—Bre am A+ Bt)—e 2m
re + (A+ )4m6
2
+ Bre w4 (A+Bt)(—2L)e—% + s (A+Bt)e i =
m
T2 rt
When 25 = it

4m

© = (A+ Bt)e =n satisfies the equation, mi + ri + sz = 0
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