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PHYSICS 321 EXAMINATION October 2, 1981
C h p t 1 - 4 :

Closed book.  Please wr i te on one s ide of  paper only.  Show al l  work.

Find the components of veloci ty in spherical coordinates. Be
expl ic i t  in  your arguments.

Write down, explaining each term and pointing out use of Newton's
laws, the dif ferential equations of motion in component form
( i .e .  do not  leave as a  s ing le  vector  equat ion)  for  a  s ing le  par t ic le
moving in  the fo l lowing force f ie lds:

a .  U n i f o r m  g r a v i t a t i o n a l  f i e l d  w i t h  v i s c o u s  a i r  r e s i s t a n c e
propor t iona l  to  speed squared (3 -d imens iona l  mot ion) .

b .  S i m p l e  h a r m o n i c  o s c i l l a t i o n  w i t h  a  c o n s t a n t  d a m p i n g
fo rce  and  cos ine  d r i v i ng  f o r ce  (1 -d imens iona l  mo t i on ) .

c .  U n i f o r m  m a g n e t i c  f i e l d  B = B K  ( 3 - d i m e n s i o n a l  m o t i o n .  P a r t i c l e  h a s
c h a r g e  q . )

d .  U n i f o r m  g r a v i t a t i o n a l  f i e l d  w i t h  m o t i o n  c o n s t r a i n e d  t o  a
c i r c l e  ( s imp le  pendu lum) .

DO NOT SOLVE THESE DIFFERENTIAL  EQUATIONS

I f  F = - k v f o r  r e c t i l i n e a r  m o t i o n  o f  a  p a r t i c l e ,  f i n d  x t ) .  T h e
p a r t i c l e  i s  i n i t i a l l y  m o v i n g  w i t h  s p e e d  v o  a t  x = 0 .

The motion of the l-dimensional harmonic oscillator with damping
force -m x and driving force Fo cos wt is given by

x  ( t )  =

in stiady state.

a . What is the physical signif icance of the parameters

,  N

b. What is "resonance" physical ly? When does it  occur?

c. Is this a "conservat ive" system? Why or why not?

d .  T h e  s t e a d y  s t a t e  s o l u t i o n  i s  a  p a r t i c u l a r  s o l u t i o n  o f  t h e
d i f f e r e n t i a l  e q u a t i o n . W h a t  i s  t h e  p h y s i c a l  n a t u r e  o f  t h e
so lu t ion  to  the  homogeneous equat ion  and why can we o f ten  ignore  i t?

transient solution that decays over time.
POSSIBLY USEFUL INFORMATION:

In polar coordinates, ap =i - rê?

ag = re + 2ré



EXAM 1

1. 45=15%
r= rê, + diptyê

d i

dêr

= - r

NEW!
r=rês

dês=

last attant



L a

by Matt. ad the eq. a motion Fran = Finitene t Foreity

-=resAR Gig 5m Dredundent.

Figuring ing te which direction is ups?

by 2nd law: Fr= mi?

FF = FRtFy m o s t  m e t  u g l e

17 = v

comport form
S m i l A y m r i



2 smo

by Newtons

a Farming

To Tispay

n d .

, corst. damp, costhe drirgE,

sprint Fariwig

Fdamp = CX constant

Fspray =-kx-

Fdrivin= Focosat

so apply the 2nd set to the ift on,

mi=-cx-ky + Fscosut.

o r
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2.c/ B=Bk I ' s y

given

mit =p (7x13)

me = 8(B/57-15)

separating componeds

2 . d
1 4 2 2

m s  =  0

Sinale pendulin,
again by the 24 law

Fresult.

in polars condinates

FRIT composent of Tinte
Not true.

mlÖ+mg sind =0



3 F =  R V . ,  f u d  x I t )  v . @ x = 0

m du -RV=

t o

v =  v o  e

= t.=0.
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Iassume initially a t=0 X.=0



x ( t )  =

What is the physical significance it

anger treguery it undouged, underer
system.

2. 0: 15) K9(31 in
fis the chareterstic tie.

in mit tires, a non drien, damped syster decays
that time

e it the arignal value (depady on 8)

3. worst this is the resort fregray ton

which the aplitude is at the grackst ussile

value for gren 8, k, m's, it its diven at mr.



Hb? resonance: the value if the doning

Frequing which causes the emigy to

transfer from drivity mechanise to
sprig system at the greatest amonts,

nat tea,
55 I t  o c c u r s  a t  w o w  f e t

indanded nat, Frey
w= R/m

4.CI.C. This is not a constitive sister

due to the dampily effects. (energy is lost
ore a cent ion per iod. i t  go then

all e goes into spring and it 'blows

-Kx-bx+Fo c3(wttO,)

FAF(X)

but
F(x,x, t)



4. d

The of. becones hornogereons when their

is to driviny toe. It yields under dared
critical damped and andanted sons.

But When- the system is driven at

a cartion frequency all parts it that
syster are moving. (maybe out of phose)

at that frequeny So the particion part

If the soln? doesn't add now info. the hey.
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