
Chapter S : Circ. MotiCircular Motion 1B: Gavity
SA

Concest Qvestion: Topview
swing a ballond string

? The string
Breaks

Q: what path
does the a

mass travel?

Q: a, b,c, ord?
tangent to the

circle

A n s :
class

-- C "poll: 1 1111 1 i the comect path:
? There ? no longe 2 fore altering the patte

of the object i it travels in a shaight line

? Washing Machine
Top. view

7 9 %



BIa Newton asked : Why "Is the earth going
around the suN insteadof in artaightlike
past the sun? He concerted that

thire must be an hrizible force betwee
the tro. ? Law of Gravity (4H Lan)

Circular motion
? v = IT ll butther

* V, point in different
? directions.

? Assume const. spred,
? assume circular moti

-? = -At I we need not only chang
the magnituale, out me

can' also change my the
directio

* We get accha die to the change f'directi

let AS = length between t, t tz
use similar A's:

Vi 1 Vill is to HVz-Vill as
r  i  t o  1 s

As use similar triangles Cont ?



? proportional triangles:
A s  i  D o  r

A s

AS Av isto v

=  A t
V

A s

v A t V )  Solve f ier

=  v . As
A tA t

b u t

+

?
V

2 accla due to uni farm

r ci teuler motion
centripetal force

? The direction is to wards the center of
the circle

V z

, a . c

VI



* Frequency and Period (4)
time for

T = to be the peribd = one complete
revolutin abont the cirde

f = the frequency of the mothe
is the number of complete circuits

in a fix time, 1 sec.
? Dumensions:

LT] = Seycyde 1 Ef] = eyele/sec

f = 1T =f or

? circumsence C = 2Tir

? speed
object

V = Circumference
period

V 2TIr Is sped of object with
perisd'T "in radin
of circk 'r"

-012 - V = 2Trf



EXIa) you swing a Baseball in a cirdle by
-Ha chùng a string to it - F Keep the bock motines

Q: F in t  Hu ve loc i ty
r

(i 1 (??) FT Fr

Block IT

s i d e
v i e n

T o

v i e w

(ici) egns for circular motio
A c=

radial: E Fradie = mac r
[centripetal accla

? radial: FT.= m (F)

? vertical : Fr - FuFO
(no vertical

mo tron of thu
hanging block

r MBlock g = MBaseball ? V<
If hanging mass is

rg MBlockV = mot moving the
MBaseball V is given here



Ex(blue time 10 complete circuits to take 2556

(10 revolutions in 25 seconds))
Find the centripetal acc'l

(ici) egus:Ac = V.

V = 2Tr

Concept:

f  =10 cycles25 sec = 0.4 c

T  =  Lf 0 ? 4H? = 2.5s

ac = 4? = (0.2 m )
(2.55) 2

ac = 1.26 m/s=

towards the centr

= F, = M Baseball

let r = 20cm

B T W

cycle/sec

= Hertz

[ f ]  =  Hz

FF= MBacebale A



Find the moon's centipetal acila

CiT diagram N

R moor

Earth

(ic) free body

T = 27.3 day s
R = 384,000 km

m o o r

a c

( i )  e  q n s  : V  =  2 T r J a .  =
R

,  f =
T

(iv) Do the math:
moon = 2TT TT (354,000,000 m), T=27. 30(241)60.

V = 2TT (3.84x10+S) : = 2,358,720 s
2358720 sec

5 6  A c  =

= 1022.9 m/s

- 1022.9 ~/)
R 3.84 x108

= 2, mi mi/m = mach 3

0. 0027 m/s = towards
the earth



Vertical Circles: Ferris Wheel, pilot in a jet, ete. (

* Fems Wheel FN
G-  F r  =  m V-

r

1FN

= F
=  F

G

(+)
F

FN
F

( c )

?  [ F r a d i a l  =  m a c

Fu -  Fa =  m
r

BOT
How much does a bathroom scale read out when

sat upon by a Toks person at the botton .f
the swing of a swing with radius 3m? Assume
the speed is 2.2 m/s horizontally

( i c )
FN

(i:)
FN - Fa =mv2

- (iv) FN = Fa + mve

F, = mg + m = m (g +v°)

Soe flective mass (weight ) Fi = 70kg 9.89 + 3. 2-/1)
F%" = mg Like
m= 7958N = 815kg 2 = 70 kgF= 70kg (1414 5) = 798.9 N

14% heavier 74.8 =11.2 y



EXI Swing set: How much does a 70kg person
"weigh"at the bottom of at swing if the swing

has a radius of 3.0m and your speed is
2.2 m/s at the botton

EF = ma
N - Fa = m va

FNi

EN = Fa + mV:

= mg + mve
effective weight

ir

m = F = 798.9N
? 9.8

= 81. 5 kg

8 1 , 5 - 7 0
=  0 . 1 6

7 0

ó r 16% heavier

= 70 kg [9.85 + (2.211)

= 70k [11.41m/s ]

= 798.9N1 /

11.41mls

9 . 8

you feel 1.2'"
1. 2 g's but

weigh one f



EX we are on- a Fems wheel that
2.2 mr o ta tes  qu i ck l y .  R=  3m.  I f  we  we igh  T0kg

pram, what force is our seat feel ing
VF

G
(Bathroom scale readout))

2.20l1

?  B o t  F u  F a  =  m v ° feelless

? Top Fu = Fa- mv = mg - my =m (9 - 7])
? Bot FM = mx'+ Fo = mg + my = m (7t*)

? Top Fri = 70kg (9.8 - (2017)) = 70.(8.18 )
feel
more

? Bot Fu = 204g (98 + 3) = 70(1413 6)

? TopFN = 5 73. IN ? onground 70(9.8) = G86N

? Bot F = 798.7 N

? Top 573-1/9.8 = 58.5 kg
effective "werght"

? Bot 798.9/9.8 = 8 1. 5 kg
vS 70.0 kg



EX A fighter flys in a vertical circle. What weight
does the pilot feel in thank at the top and
the bottom of the circle. mpilot = 70.kg
Speed of jet = 50m/s, R = 275 m

Top : Fu + Fa = mv

(+)
275 m

+

FN

Bot: Fv - Fa = mv'

Tep: EN - m mg = m (* -7) = 70kg (505 - 98017)
Bot : Fr = mY + mg = m (**+g) = 10kg (s0m/s

275 m+ 9.80/32
Top: FM = 70kg - 0.71 /3) = - 6.96N

Bot : FN = 70 kg (18.89"/3) = 1322.36N

Top: - 6.96 N/9. 8m/52 = 1-0.71 1 kg* "Okg"
falling At the seat

Bot: 1322.36 N/9.84/3 = 135.96, Kg E Feel 2 times your
normal weight

2g's "



EX In the last example, at what speed
should the aircraft hove so as to fed
perfect weightless ness?

FN = m (V} - g)

0 = m (X] -g)

? 0=42 - 9 ? v3 = g ?|/v = vrg

V = 1(275 m) 9.8m/s2

V = 51.9 m/s) 5o 1.9 m/s faster and
the pilot floats at the top of thi

curve.
??????masy: 1t the top to the cites but tease o

buckles catch then
@ 51.9 m/s the pilot feels weightless.

@ 55m/s the pilot is pastel into th
seat and feels a few leg of wright"



Conical Pendulum

(1) ( i l )

Ea formot Horiz. motia 3
(+) (??)

Fr ? radial:

1 2

?  ( + )
F

? verticle:
{ F  =  m a y

Ff sint - Fa = 0
?  S i n c e  4 = 9 0 - 0

s in  (4 )  =  s in  (92 -0 )  =  coO
G0S (e) = sos (90-0) = sinO

? Newtons Law: r

conical pend
Fy sinO = mV

Fy Cos 0 = mg
(v) Some math

Math Trick :
divide one egn
by  the  o t ra

Fr SinO = mv%

F -  c o O  =  m g
?

t a n  O V

g r

comical
pendulum

e g n

You play tether ball and keep it marig at 0 = 309
If r = 1m ant m = 2kgFind V

2.38m/s



B a n k e d  C u m e

A 0 -

( i )

(Velodrome )

(ici)
?radial EF= mve
? vertical IF = 0

(??) F.N

o rF
f s

, Ff.

drone
Car on

t e t h e r ?

r Esind = my
Y: F, COsO - Fa = m?ty

r: FN SI: O = mv%/
equivalent divide

4: FN Cos0 = mg

tan0 = V Ideal spud to maintain a
radius of r if surfac
is at an angle O wit. Vectica

We do not need fiction if V= Irgtand,
the design" angle.

" Faster than this ? slip up Hu rampand
over the top, unless friction is present.

? Lone than thìs then ship dou the ray
O This is thesame tammula for the conical pendul

motin at thisspeed is the same wether supported by the
ramp of a velodrome on tethered by a rose above thecyclist.



EX
banked

A 1000kg car rounds a, cure on a 14

road having a radius of 40m. whatis
the design speed if the bank is 20° wit.
the ground.? 20

v= irg tand
= (40 m)(9.8m/s<) tan 20°

= 11. 94m/5 ~ 25 mph



*  Banked  cupe w i t h  f r i c t i o n a
( i ) JFs, resits the fall ( ic) Too slow

into the center F$

? falls into
Too stow cente of

curre

y (14

? F+ Too FarT

(iii) egns F
G

radial: Fr SinO $ Ff CoO = mv2

vertical: - Fa+F, cos 7 Fg sinO = 0

(+)  tor tas t
(-) too show

If we are not
"skidding side way)

Ff = Estatic
but fristonis
afplied sidenas



* Flat Cume

( c)

Vecter  in  3  D im

FN

I ?  F S

FGZ o o m
i n
t i r e s

Front view

o u t o l page
R e a r  v i e r

into page

E+ (static )

? (??
([i) FN

?  F g ? r (+)
V

(???)
r  : F+ = mac

FN - FG = 0

+  : - Ff = M,FN
Tstatic

V
Ac = -

R

F = mg

1, FG = m (*)
V = VRg 4,

us mg = mvº
vº

? R = Msg

* Design radius for desind sped i frictin



A 1000 kg Car r o u n d s  a  c u r e  o n

a road having a rach of 50m. The car is
moving at a spud of 54 km/hr
Q: If the wad is drywill the car slip of
the cure if M, = 0.6 Erubber on Cement]

Lets compare the speed to the desizu speed:

Wder = VRgus

1 km

= 17.15 m/s 1000m V36005

= 61. 7 km/hr
design ...

? Since 54 < 61.7 we do NoT slide off te
(6) If there is an icy (black ice) regin on the

cure with us = 0.25 frubber onice will the
Car stay on the cume?

Vice = 50 m)(9.84/3*)(0.25)

= 39. 8 km/hr max before slidding.

" Car will slide off road!!!


