
Chapter S Circularmo to r

Concest drestion:
swing a ball on a string

? The string
Breaks!!!

Q: what path
does the

mass travella

Topview

a,b,c, and?

I s  tangen t  to  the
cinde

A n s :
-

1

d
-

1111 1
11 the correct path:

" There longer a face altering the patte
of the object f it travels in a shaght line

Washing Machine
Top.view



Balewton asked: tely is the earth going
around the sun instead of in artaightline
past the sun? He concerted that

thre mast be an risible force between
the two. ID Law of Gravity (414 Law)

Circula motor
HIll= ell butthey

point in different
directions.

? Assume const. speed,
?assume circular moti

à At, we need not ond change
the magno tual, out me

can also change my the
directio

o We get accle die to the change of tureethi

let AS = arc length between t, tEz
V2-V. use s im i la r  d 's :

VI 1Vil is to I Vz-Vill as
r i t o  A s

use similar@triangles Cont ?



? proportional triangles: 3
AS A r i s t o  t

As
r

= = A t
V

AS

r A t ) solve for st

Ar = v. (
As.
At

but and 1 8 = Y

accla due to uniform
= circuler motion

centipetal force

? The director- is to wards the center of

t h e  c i r c l e

+



o Preguency and Period.

T= to be the period = armcomplete
revolutin about the cirde

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

in a fix trime, 1 sec.

? Dimensions:

or f = T
? circumsence C= 2Tr

speed

object
V =

Circumference

period

2 T rV  =
sped  o f  ob j ec t  w i t h
p e r i o d T . i n  r ad i s
o f  c i r c k ' r "

FOR- V = 2TirJ



EX(a) you swing a Baseball in a circle by

attaching a sting to it. - Keep thhe block motionless

Q: Fint the velocity

B l o c k  c
VFG

side
view

T o p
view

fü) egns for circular motion 2
aF.

radial: E Fradise =mac r
Lientipetal accla

? radial: F

o v e r t i e d :  F

= m (*)

- Fa =0 no vertical
motion of the

hanging block

r MBlock 9 = MBaseball: V2
If hanging mass its

rg MBlockV = not moving the
Mausball V is given here



tEx olde time 10 complete circuits to take 2516
(10 revolutions in 25 seconds))

Find the centripetal acc'l

(ic) esus: dc = V2 =  2 T

V =2Ir

Concept:

T 2

f  = 10 cycles25 sec =0.4%5

= 2 . 5 5
0 . 9 4 2

?  a c  =  4 5 °  ( 0 . 2 m  )
( 2 . 5 5 )

a c  = 1 . 2 6 m / s =

towards the cente

= FF=MBaseball 9

l e t  r = 2 0 c m

B T W

cycle/sec

= Hertz

IFT=HE

FI=M Bacchale Ac



Find the moon's centipetal accla

CiT diagram
R moon

Ear th

( ic)

T = 27.3days
R = 384,000 km

m o o

centér

(ii) egns:

a c

V  =  2 a i r s

(ir) Do the math:
Ymoon=2TT (384,000,000 m

V =  2TT  (3 ,84X10*8 )
2358720 sec

= 1 0 2 2 . 9 m / s

V.. (1022.9 m/s)

R: 384*108m

a .  =
2

V

R
,  f =

= T=27.31 244) 36003

=2,358,720s

2, 300 mr /br = mach 3

0.0027m/s= towards
the  ea r th



@ Vertical Circles: Ferris Wheel, pilot in a jet, et. 8

+ Fern's Wheel - Far = m
r

= EN = Fa
G (+)

F
G

E X

( 6 )

-  E  F r a d i a l  =  m a c

- F G  = m
r

BOT
How muck does a bathroom scale read out when

sat upon by a 70kg person at the botton of
the swing of a swing with radius 3m? Assume
the speed is 2.2 mls horizontally

(ii) (ic)
FN amy?

(iv) FN = F6

Fy mg + my" =m (2+1)
? effective mass (weight)

F% "= mg L i k e
m= 798.8N

9.8
=81.5kg Tn= 70kg (1445)

14% heavier 19.8

7 9 8 . 9 N



EXISwing set: How muchdoes a 70kg person
weigh" at the bottom of it swing if the swing
has a radius of 3.01 and your speed is
2.2 mls at the bottom

EF = ma
Fu- Fa=m VI

LIEn
FN = Fa+m

= mg + mr
effective weight

m=E =798.9N
9.8

= 81.512g

81.5-70 = 0.16
7 0

or 16% heavier

=70k 29850+8-246)23

=70k /11.41m/s]

= 7 9 8 . 9 1 1  /

1.41m/s

9 . 8

you feel 1.2'g
1.2 g's but

weigh one f



@ Inverted verticle circular motion

E F = m a .

Fu+ Fa =m V2

( + )

center

AFr [F= mac

verticalEXI(a)A  f i g h t e r  d o e s  a n  r u s t e d , t u r n @ 5 0 m l s
I f  t h e  r a d i n s  i s  2 7 5 m .  w h a t  d o e s  t h e

p i l o t  f e e l ?  l e t  t h e  p i l o t  w e i g h

F
G. Fr = mv? - 56

(+)

-  5 1 . 7 6 N

weightless
9-52N

pilot fall,
off of seatFr = 73 kg

50m/s)
275m ?-9.81

FM = 73kg {9.09-9.813
Fu =731g {-0.717



b) at what speed will the pilot
just barely stay in his seat?

( i n )  F r =  m .  I T - g ]

=gr '

V=19-8445)(215m)

v=51.9m/s

") Next attapt the pilot speeds up
to 65 mls. Now what does he feel

Fu =7348 (65-1 -9.53

Fu =73kg/15:36-9.87

Fr =73128(5.56725

Fr= 406.1 N)I Pathoom scale

? effective weight"
"1

m = EN = 41.4 kg

¡lot feels 41.4-734=73=0. his weisht (43% less weight)



@ Conical Pendulum

(ci)

Laformot Horiz. motion 3

(+) (ic)
FT/ ? radial:

IF  =mY

12)

F
?  ( + )

? ver t ic le :

§ F = m a y

?  S i n c e  4 = 9 0 - 0

s in  (4 ) -  515(94 -0 )  =coso
G0S (2) =505 (90-0) = 5140

?  N e w t o n s .  L a w : r

conical pend

r

:  F 7 6 5 5 0  =  m g

fv) Some math

M a t h  T r i c k ?
divide one een

by the othe

Fy sind = mu%

F r C o 0  =

t a n d  =

conical
pendulum

e g ng r

you play tether ball and keep it marig at O=30
If r= 1m an* m=2kg Find V

119501m(tan309)V =NgrtanO 2.381/



The Banked Cure (Velodrone) (3)

s i d e  v i e w  o f  c a r  o n  b a n k e d  c u r e .

> (+)

( i i )
FM

O  f a r

n o w
F

G

(iü)radial director

I F = m V

r

? vertically:

( i r )  Some math :

t a n  0 =

? ?
I  m o t i o n

o f f
t h e
c i r c u l a r
p l a n e

Banked
c u r e

En CosO=mgk r g
ideal banke cure speed.

Comments: I f  we-  l e t  F f = 0  t h e n  i f  t h e
Car goes at any speed but if # rogtand

the car will slip into the center arena, or,
it the car slip up our the edge cepending on

it its speedis too slow or too tast respectiveh



A 1000 kg Car rounds a cure on (6)
a road having a radhe uf 50m. The car is
moving at a speed of 54 ken/hr

Q: If the road isdry will the car slip off
the curve if 1, =0.6 Erubber on Cement)

Lets compare the speed to the design speed;

Ides: URgus

= (50m/957-40.6)
1km

=17.15m/s 1000m 1 36005)

=61.7 km/hr design...

Since 54 < 61.7 ve do NoT Slide off the
road.

66) If there is an ity (black ice regina on the
cure with 1s = 0.25 Grubber onice'S will the
Can stay on the cur

Vice =50)(9-8415)(0.25)
=39.8 km/hr max before slidding.

@Car will slide off road*



B a n k e d  c u r e  w i t h  f r i c t i o n

( i )
( i c )

Too slow

Too s low
F

Too FasT

( i r i )  e g u s
G

(+) tootast
(-) too slow

If we are not
"skidding side ways

Ff = Estatic
but tristonis
applied si



* Flat Cume

N

(5)

F r o n t  v i e w

R e a r  v i e r
?  F

FG

5 (static)

( i )

F f ? r ( + )

(???)

VFa

r : Ff= mac

y  : EN- FG =0

Astatic

F6=mg

V= VRgus
us Fa = m (VE)

Ms ig = mv° R =R Msg

* Design radius for desired speed I friction


