PH1140 D09 Homework 2 Solution

1. [20] Y&F Exercise 13.25.

13.25.

IDENTIFY: Use the results of Example 13.15 and also that E =1kA’.

SETUp: Inthe example, A, = A #Mﬂ-{m and now we want A,l =14. Théreforé,' é: .‘/MA-J!«m ,or m=3M. For

the energy, E, =LkA?, butsince A,=L1A, E,=1F  and 2E, is lost to heat.
EVALUATE: .The putty and the moving block undergo a totally inelastic collision and the mechanical energy of the
system decreases.

2. [20] For Y&F Exercise 13.56, let the oscillator be at maximum amplitude Ag = 1.44 cm attime t = 0.
a) Find the energy E(t) of the damped oscillator.

The initial energy is determined by the initial amplitude

k 250 N/m
Fo=gdi=—7 —

> (1.44 x 1072 m)? = 0.0259J.

The energy E(t) is given by (from lecture)

where

E(t) = Ege "/

b 133 kg/s _ 5rad

We have

Ve T 22k
b) At what point in time does E fall to half its initial value?
E(t) = Ege "/2 = % - e 12 = %
Taking the natural log and solving for t gives
1
t= ——ln(—) =0.229s
Y 2

3. [20] Y&F Exercise 13.60.

13.60. -

IDENTIFY: Apply Eq.(13.46). : L ‘
SErUr: @, = Jkim corresponds to resonance, and in this case Eq.(13.46) reduces to A=F,_/bw, .

EXECUTE: (a) 4/3

(b) 24, , o

EVALUATE: Note that the resonance frequency is independent of the value of b. (See Figure 13.28 in the textbook).



4, [30] Y&F Exercise 13.61.

13.61

F
IDENTIFY and SET UP:  Apply Eq.(13.46): 4= e
Jk—maf) + ba}

EXECUTE: (a) Consider the special case where k—maf =0, so A=F_ /bo; end b=F, /Aw,. .
. o _ ¢

kg-mfs®
)
(b) Units of Jlm : [(N/m)kg]'/ ? = (N kg/m)"? = [(kg-m/s?)(kgl/m]"? = (kg?/s?)"* kg/s, the same as the units for b,
(¢) For @, =/k/m (at resonance) A =(F,, /b)}Nmik.

(i) b=0.2vkm

m 1 F F
A=F = mw 5 e
: “‘“\/;c‘o.lem 0.2k k
(i) &=0.4km
" 1 F E
A=F_ = —max =9 5 mex
(04\/”“ 0.4k k

EVALUATE: Both these results agree with what is shown in Flgure 13.28 in the textbook. As b increases the
maximum amplitude decreases.

=kg/s. For units consistency the units of b must be kg/s.

5. [30] Y&F Exercise 13.34.

13.34.

IDENTIFY: The torsion constant x is defined by 7, =—x¢. f = %@ and T=1/f. 68()=Ocos(a¥ +¢) .
T

SETUP: Forthe disk, /=1 MR*. 7,=-FR . At t=0, §=0=334°=0.0583 rad, s0 $=0.

EXECUTE: (a) k= —1 IR GBNOI20m) g0 N rad
0.0583 rad 0.0383 rad
| 2(8.71 N-m/rad)
—— = =2.17Hz. T=1/f=0.461s.
®) 7= \E 27:\/M_Rz 27 {(6.50 kg)(0.120 m)? 4 s

(©) w=2zf=13.6r1adls. 8(1)=(3.34%)cos([13.6 rad/s}) .

EVALUATE: The frequency and period are independent of the initial angular displacement, so long as this
displacement is small.

6. [20] Y&F Exercise 13.36.

13.36.

IDENTIFY: Eq.(13.24)and T =1/ f says T=2n'\]z .
K

SETUP: {=1mR*.
EXECUTE: Solving Eq. (13.24) for « in terms of the penod,

2 2
x:(ggj I=[1 (2);’ J ((1/2)(2.00%10° kg)(2.20x10°* m)*) =1.91x10 N m/rad.
. 8

EVALUATE: The longer the period, the smaller the torsion constant.



7.[30] Y&F Exercise 30.38.

13.38,

IDENTIFY: (1) is gwen by 6’(1‘) Gcos{ax +¢) . Evaluate the derivatives specified in the problem '

SETUP:  d(cosax)/dt =—wsinax . d{sin ax)/dt =@cosax . sin” 0+ cos =1
In this problem, p=0.

EXECUTE: (a) % =— @sin(ew ¢) and &= ‘;"—i‘? =—a® Ocos(w ).

(b) When the angular displacement is © , ©=©cos(ar) . This occurs at £=0,s0 ©=0. &=-2'0. When the

0 -wesi . B

angular dlsplacement is @/ 2, o G)cos(ax), or ;=cos(ax) —= 2 since sm(m‘)=7. ==

gince
dt ’

cos{ar)=1/2.
EVALUATE: cos(a¥)=1 when @ =7z/3 rad =60°. At this £, cos(ax)is decreasmg and 91s decreasmg, as
required, There are other, larger values of ax for which §=©/2, but @ is increasing.

8. [20] Y&F Exercise 30. 41

13.41.

IDENTIFY: T= 2f£ L1 g is the time for one complete swing.

SETUP: The motion from the maximum d1splacement on either side of the vert1ca1 to the vemcal posmon is one-
fourth of a complete swmg :
EXECUTE: (a) To the given precision, the small-angle approx1mat10n is valid. The hlghest

speed is at the bottom of the arc, which occurs after a quarter period, % > \/E 0.25s.

(b) The same as calculated in (a), 0.25 s. The period is independent of amplitude,
EVALUATE: For small amplitudes of swing, the peried depends on L and g.



