
Exam 3 Review ①

4 Types of Questions to expect :

① Derive J and a- in polar coordinates
②

"

Inverse Newton 's Laws
"

s From the motion
,

find the force (or torque, etc .)
③ work and potential energy for radial forces

,

④ Conservation of angular momentum

① J and a- in polar coordinates
can start by assuming only 3 things :
① F = ri r

② i
r
= cost Ext sint i y

③ to = -Sino i × t cost iy

Must derive dat Cir) = DIT ie and

dat Cio) = - ¥ or
using the derivative chain rule .



From those two relations , calculate ②

J = ddt = dat Cri r ) = . .. ..
and

as = date = It ( IF i r tr# ie) = . . .

using the derivative product rule .

④ Be sure not to skip steps !

②
"

Inverse Newton 's Laws
"

Ask yourself : " Am I given the motion ?
"

this means either E rct), Oct) } or

{ r Ct) , co Ct)} on
{ r Ct)

,
a Ct) } .

From any one of those combinations, you

can compute everything that enters into
the definitions of

J = drat i r tr dat ie and

as = ( dat - raid) i . t (rat2 coffee) to .



③
You might need to use

co# = fact)dt and

Oct) = farG) It .
Once 8 and £ are known , you can compute
many quantities :
E = moi
total

E = Fx E = Ex (mas)
= m (ri r) x (ar ir tafia) = mrao.fi rxio)
I = F xp = Tx (mi)
= m ( ri r) x (ur tr tvote) = mrvafirxiof
= Mr2W [irxio ]

④ In many cases , you will need to relate

the total force you get from Etta, =me
to an underlying fundamental force
(e.g. , gravity , friction , etc .)

.



④
( i) Friction is responsible for cars making

turns
, for boxes staying on conveyor belts

,

etc .

( ii) Tension in a string might be responsible for
the motion of a swinging object .

( iii) Gravity underlying cause of a satellite's
motion

,
moon 's orbit around Earth , etc .

Once you have identified physical force causing
an object 's motion, just equate it to

Eia, = moi -- m (TE - ray irtmfrat 2W to .

④ Important point : If you are given r Ct)

but nothing about coCt) , you might
need to use angular momentum
conservation (see below) to determine
w (t) .



③ work and potential energy
⑤

Compute work done by a force as
W =SE . dir = SE . (drirtrdoir )
If F Cr) = F Cr) i

r ,
then E. die = Fcr) dr

and
(since ir.io. =D

Likewise
,
the potential energy is

|U=-fFCr)dT
#

.

④ Conservation of angular momentum
Two types of angular momentum :

( i ) point particle : I = Fx pi
J t object 'sobject 's position momentum vector

vector



④Note that a freely -moving particle has
⑥

constant I
, so
calculate f xp any where it

is most convenient . ;

Vo q: Mt (bullet)Example : ai
•-518

I
,
= Exp just before impact is

I I
,
= s (myo) sin(go to) ④

⑤ into page

(ii) Rigid body angular momentum :

[ = I w (curl fingers in direction
of w , then thumb points in
direction of E)

Note that for a point mass , I=mr①
If you have multiple objects , the total
moment of inertia is just the sum

I = I, t Iz t - - -



Conservation of angular momentum is ⑦

often used to find co Ct) :

Iowo=ICt)wT
a

changing moment of inertia causes

changing angular *docity
(figure skater) .


