SAMPLE TEST 6
PHYs 111, FaLL 2011, SECTION 1

Name:

By writing my name above, I affirm that this test represents my work only, without aid
from outside sources. In all aspects of this course I perform with honor and integrity.

SHOW YOUR WORK ON ALL OF THE PROBLEMS. YOUR APPROACH TO THE PROBLEM IS AS IMPORTANT

AS, IF NOT MORE IMPORTANT THAN, YOUR ANSWER. DRAW CLEAR AND NEAT PICTURES
SHOWING COORDINATE SYSTEMS AND ALL OF THE RELEVANT PROBLEM VARIABLES. ALSO,
EXPLICITLY SHOW THE BASIC EQUATIONS YOU ARE USING. BE NEAT AND THOROUGH. THE EASIER
IT IS FOR ME TO UNDERSTAND WHAT YOU ARE DOING, THE BETTER YOUR GRADE WILL BE.

A few potentially useful equations

Moment of Inertia, discrete definition = Z m, rf
Moment of Inertia, integral definition I= J' 2 dm
Parallel Axis Theorem =1, +tMd :
Superposition L= Z I,

TABLE18.2 Rotational Inertas

Solid sphere about dismeter Flat plare about perpendivular axis
: b r MRS jm f-;..zz (0 + b3

-
o

o
Thin rod about ceater Fhin ring or hollow eylinder
I = %ii" M aboul 1y axis
D= MR

Hollow spherical shell about diameter
P & MR

fat plate about central axis

F
= 5k M

o L Thin rod about end

P hpL?

Dhsk or solid evlinde
about ws axds
Pk MR
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1) Derivations

. . : : d’xlt . :
a) (1ops) Given a differential equation of the form d;( ] =—w’x|t] , write the general solution for x (£) ,

vit],and alf] in terms of the angular frequency . the amplitude A, and the phase angle §.
%({) = Acos (/&L/c' Jﬁﬁ;}
() = ~w A sz A€ 4]
all) = i pcoS(Otid)

b) (10pts) Given the boundary conditions ¥ (f 0) =Xy and V (f 0] =V, , derive an expression for the phase angle @
and the amplitude A in terms of xy, vo, and w.

~ ,‘/]d _E{ - D s l\z7/€ % / /CO AK&J&WJ& )

_, Jf 2/“ -"‘{\f)/d ot /’/ {L;- &\
=> v -w)% g (et 1) - -
x, | ><§-\/’Q ;’5,??43‘/; |

=) ;/ - tan (vt <6) “;’ fﬂ” (“’ -wt |
E_Wf ,’3 ~ Squbre b,tl ef. Aivile v by ot aid Ll

N ocos'(vire) Uy = 4570 (we 14)

(4(”2 + /V;) A (( o5 '(wtrg) + gwi(wt W}))

:‘7 {//j,: (?(j4~§§

% |
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2) Multiple Choice

2.1) A mass attached to a spring oscillates with a period 7. If the amplitude of the oscillation is doubled,
the period will be:

— — I S/l o SR
W | NE [ Ay “7/ 0T/ % |

B) 157 ‘ | f ;

2.2) An object of mass m, oscillating on the end of a spring with spring constant k has amplitude A. Its
maximum speed is:

e

3 | ~
| M | Ve -whsid(wt 1 b)

2k ‘
- R, /e
Q) AV% nGr 2 / w:{ %
o 2%

2.3) In simple harmonic motion, the magnitude of the acceleration is greatest when:

A) the displacement is zero £ s o ~ - i
L}})—‘tbidlsnlacement is male@ 'f:""'“’—““—"“""——q fy’o?ff [ est fev fcyfyf; Z )

C) the speed is maximum ! :

D) the force is zero

E) the speed is between zero and its maximum
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2.4) The displacement of an object oscillating on a spring is given by |7/ =Acos i+ @]

If the initial displacement is zero and the initial velocity is in the negative x direction, then the phase

constant @ is: il

A) 0 radians 0 -~ A{r)j(é} :/;/ j/’ i ‘/ /)‘2 ( 9%

B) /2 radians e

7 radians ’/ = W A J/-jﬂr/é/\l 7 7(

D) 37 /2 radians
E) 2 wradians

-
7

/ S/ 94

>

2.5) A simple pendulum of length L. and mass M has frequency f. To increase its frequency to 2f:

A) increase its length to 4L
B) increase its length to 2L
C) decrease its length to L/2
ﬁ) decrease its length to m_T' él)

E) decrease its mass to < M/4

[] To [2(’6’/”- HWineJ

[



Oscillation — Set 1 4

A block with a mass of m = 2.00 kg is attached to a spring with a spring constant k = 100 N/m. When t
= 1.00 s, the position and velocity of the block are x(1s) = 0.129 m and v(1s) = 3.415 m/s.

a) Find the angular frequency, w, of the oscillator.
b) Find the phase constant.
¢) Find the amplitude

d) What was the position of the block at t = 0.00 s?

Gtep () — Use MSL to Find the oscillator Frezg,f@mcy,

FBD NS

—————

(/m
\/
A
o
*®

:) ‘}@( = WIQ,—Z‘

T v ; (
::)Y/ % - b—})% x ,/lzp Has mennt ¢
|

Now, to get the oscill atar Frequency e can /9/14% our

genem/ Solution into the dbove equation.

Geneval solution: X@)=Acos(wt + dP)

: k
= @ [hcos(ot + §)] = - Acos(t +o)
= —whkcostotrg) = % ACoS < 0)

UST Physics, A. Green, M. Johnston and G. Ruch



Oscillat jon Set 1, P¥ continved

gﬁcp@ — Use Physics to Lind the initral cand ) ¢rous

In this case, tley're %/‘l/em ‘n the problem Jtatement

teyre glven i xhe prodlen
ae t=1.05, [Z201) = 004, [rl) =3.415 v/

S_fe__/’@. — Use +4he f#@%@nerzx/ cofution to solve ¢he
rest of t¢le problem

Geneval Solution :
x(t) = Acos(it + &)
) = -—L\)ASIA/(O,)(; +0)

Apely our initial conditions

xX() = Acos(w()+ ¢)
2(0) = - ASIn () + 0)

Now bWe can 61/‘0/'0/6, to e’//mihm‘e A am&/ fo/ya Kor ¢

20) ~eMszv(010) . ) e
x() ~ Xcos (‘\)7‘47)/ x() ) C(ﬂ(a)f(P)

(1)
= éan(w +$) - -&JZ(')

—

(= 3415 } ]
= 0= tan' (o) = 707 =&&i@f’f’;ﬁﬁz/




Oscillations Se¢ 1 , P¥ continued

Pluf our answer For @ back into the 7(1) €9 and
30/(/@ /COl’ /4 "

xX() = Acos(w+¢)
Xy
)&4’ cos(e> +4) /

)A O/Qﬂ “057‘4/

Finally | Put it all 140/@{40/ to Find x (o)
x(o) 0 5cos (w(o) g)gg)
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In the system shown below each of the three springs have a spring constant of 50 N/m and the bar is

mounted on a frictionless pivot at its midpoint. The period of small oscillations is found to be 2.0 s.

f 1 2 |
| [=—ml° |
The moment of inertia for the beam is ) _1_2 i
What is the mass of the bar? Givey  todqnt

j 1248
v From the ead

¥ /lssumﬂ% Lthat the /a.f‘yoﬁ B
ard 1te sprr'his are at t
II// use Qw:?ri)/ {o 366 i) 0?/ £ 4 T 5';7//@

%w m .

| har b 5/”!«/; '
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Sample  Jest @ continuod

Find o by {a/cf% i devivat e

M’Er 5{@3’ (/K
== ot TR

> =dws FhaV

Lets g0 yotatlion: ;(:5\’_(.9} //:;{4‘)

= 0<Tag 3/«5{95{&

3KkL” EY Y
st —_— - ey — — 6)
<> < = -7 g => L - 54'%;”/
1 A
> u--file = w-[%]
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