Vertical Circular
Motion

IB PHYSICS | CIRCULAR MOTION




IB Physics Data Booklet

A.2 Forces and momentum F, < uF,
F = usFy
F, =—kx
F, =6nnrv
F, =pVg
. . F,=mg
v — linear velocity (m s)
p=mv
w — angular velocity (rad s) S FAt
F=ma=%
T — period (s) 2 .
. . =V_= 2 — T
a — centripetal acceleration (ms?) |77 ="~
F — centripetal force (N) 2 _




Top View ~ . If you swing a ball on a string
| \ above your head, and the
\ J string breaks, what happens?

\\\ ///
B ————————___ Travels in a straight line
S e T > tangent to the circle

An inward facing force is
required for circular motion




Think about It...

If you swing a ball on a string in a vertical
circle, where is the string most likely to
break? Why?

A
Because gravity Is

pulling against the
o string at this point




Net Force in a Circle

Remember, for an object to follow a curved path, there
must be an inward pointing net force

This is not really a force that

e ——— - shows up on a free body
.f' f ‘h" “‘\.. . .

el N diagram like F , Fy, F¢, and F;
c \

\ / ! Rather, it is more like the net

moNS — ___y force that is required to
create that circular motion
. .o . . Fnet — ma 2 A7r2
If an object is in circular motion: g=2 — 2=

r T?




Vertical Circle

When you make a constant speed vertical circle, the net
force at all points must point to the middle

This is the case for horizontal
circles too! The main difference is
that now the weight is a factor...

Again, this isn't some magical new force but
rather a combination of all forces resulting in...

Fnet = ma




Let's focus on the top and bottom...

At the Top:

@1Fnet Fnet‘ FT@
Fg = mg

At the Bottom:
F, = mg

@TFnet Fnet1

Fr




Now with numbers!

Fnet required iS 20 N At the TOpI *F; is determined by comparing the

known forces (Fg) to the net force (F,.,)

Fg Of ObjeCt iS 5N and finding the difference

®laon ZONL FTfFZSN F- = 15N

g

At the Bottom:

Fr

25 N

oM 2 NT Fr




What Is the tension?

Top Bottom - TOp Bottom

i T - 2 kg - 5 k
l FT@FQ F et 5 m/s . mS/JS
o

g 0om 0.5 m

net 100 N 'IOO N
M 196N 19.6 N
adl 804N 119.6 N
a4 = 2 _ (5)? Fp.. = ma = (2)(50) F, =mg
i 05 Foet = 100N — (2)(9.8) = 19.6 N




What Is the tension?

What is the angular velocity in rad s™' at the bottom of a
vertical circle created when a 0.2-kg phone charger is swung
with a 0.8 m cord and a tension of 6 N at the lowest point?

Fret = ma= mw?r Fret = mw?r
2 4.04 = (0.2)w%(0.8)
a=—=wr
r w? = 25.25

w=>502rads™?

F;=6N

@ TFnet Fne’1
F.= mg= (0.2)(9.8) = 1.96 N

Fi=6-196=404N °




Remember Normal Force?

*Always perpendicular to the
surface applying the force




.
Roller Coaster | Bottom

v? 102
Foos = ma = m " = 200( (- ) =250 200 kg

F, =mg = (200)(9.8) = 1960 N 1 O m 5-1

Fpet = Fy — Fg
‘ 1FN Fy = 2500 + 1960 ' 8 m
Fret ‘Fg Fy :/4i60\N\ 2500 N
\\ }‘ ) 1960 N
, 4460 N



N
Roller Coaster | Top

v? 52
Fpet =m—=200|—)=625N
net —m - <8>

1
E, = mg = (200)(9.8) = 1960 N 5ms

ﬁ

m 200 kg

l fN m V, 5m s’
BT '\ r 8 m
1] B
{1

N 1335 N

:
o




Perceived Weight

. 1335 N
The normal reaction force represents - Nl i
a rider’s “perceived weight”

& J ¥1960 N

Fn > Fy | “Squished into seat”

Fny < Fy | “Weightless”




The ultimate "weightless” experience

Fy=0F
ALTITUDE {THOUSANDS OF FEET) net
34 = -

A2

30

28

26

24

L) 20 45 65 F

MANEUVER TIME: SECONDS




Loop the Loop!

What is the force diagram for a
roller coaster car at the highest
point on the loop with plenty of
velocity to make it around?




Loop the Loop!

The velocity needs to be fast enough
that the F is greater than O N
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