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Q. A goalkeeper in a game of football pulls his hands backwards after
holding the ball shot at the goal. This enables the goalkeeper to:

(a) Exert large force on the ball

—

(b) Increases the force exerted by the ball on hands

(c) Increase the rate of change of momentum

———

(d) Decrease the rate of change of momentum

v
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Q. An object of mass 2 kg Is sliding with a constant velocity of 4 m/s on a
friction less horizontal table. The Torce required to keep the object moving
with the same velocity Is:

2 X9

um| ¢
(@) 32 N & -
(b) ONv/

(c) 2N

(d) 8 N
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* (a)32 ToA
* (b) 0 ToT
(c) 2 TA

(d) 8 TaT



Q. In a rocket, a large volume of gases produced by the combustion of fuel
IS allowed to escape through its tail nozzle in the downward direction with
the tremendous speed and makes the rocket to move upward.

Which principle is followed in this take off of the rocket?

—

(a) Moment of inertia
(b) Conservation of momentum
(c) Newton’s third law of motiorl//

(d) Newton’s law of gravitation
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Q, When a balloon held between the hands is pressed, its shape changes.
This happens because:

(a) Balanced f(ﬁes act on the balloor\\ly
(b) Unbalanced forces act on the balloon

(¢) Frictional forces act on the balloon

(d) Gravitational force acts on the balloon
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Q. The speed of a car weighing 1500 kg increases from 36 km/h to 72 km/h
uniformly. What will be the change in momentum of the car?

= 36 knlk
(a) 15000 kg km/h Cafy 5
_ ¥
(b) 15000 kg m/s, Gl ils?
V4 _
F = ma
(c) 54000 kg m/s = |500 x\0
= | 5000 Kg -t[s2
R

(d) 54000 g m/s
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» (a) 15000 Terell TohAT / EreT
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* (d) 54000 TH m /s



Pushing
force




* | can explain what causes friction and how It
affects the motion of an object.

* | can identify and describe the four types of
friction.

* | can give examples of the four types of friction.
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Forces: Friction

Friction is a force that opposes motion
between two surfaces.
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Forces: Friction

Friction occurs because the surface of any
object is rough. Even surfaces that feel
smooth areIcover'ed with microscopic hills

géi\ and valleys.

e Direction of motion

or attempted motion
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When two surfaces are in contact, the
hills and valleys of one surface stick to
the hills_and valleys of the other surface.
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The amount of friction depends on these 2 factors:

1. Roughness of the surfaces

2. The force pushing the surfaces together.
Motion

—

Friction
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Wil the tube roll less over a smoother surface or a

rougher surface

?

Why

?

The rougher surface because there are more hills

and valleys and the valleys are deeper.
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Smooth Surface A/
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Which has more friction and why?

The 100 pound box because the
force pushing together is higher so
the hills and valleys are in closer
contact.

100 pounds

40 pounds




1. Roughness — The rougher the surface, the
more hills and valleys there are and the greater the

friction.

2. Force pushing together/weight — Force Is
iIncreased, the hills and valleys will be Iin closer

contact and friction will increase.



Amount of Surface Area in fluids

27de & BHATha

 The amount of surface area affects the friction between
objects in liquids and gases. Example: Swimming
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YHTTad HIdl g1 3STEIoT: dvelT



* The amount of surface area affects the friction on a
moving object under the following circumstances:
- air resistance (such as the size of a parachute)

* the resistance of an object as it glides through water (such as
a boat).
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Surface area between Solids

 The amount of surface area in
contact usually does not affect
friction between two solids.

- Reason larger surface areas have
more contact but the pressure
between the 2 is less. The increase
in friction area is offset by the
reduction in pressure







Frictional force refers to the force generated by two surfaces that contacts and shide
against each other.
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4. It an object 1s pushed against the surface, then the frictional force will be
increased and becomes more than the weight of the object.

gfe fhell a&d &l Tdg & fa%ey Uohell SATCT &, d GYOT dof HI ST e 3R
IE] & AR T 3Tk g S

 Calculating the Force of Friction :

Ffrict ol Fnorm



«TYUT df T fAATATY - Features of frictional force
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* A few factors affecting the frictional force:

1. These forces are mainly aftected by the surface texture and amount of force
impelling them together.
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2. The angle and position of the object attect the amount of frictional force.
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3. It an object 1s placed flat against an object, then the frictional force will be

equal to the weight of the object.
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Different Types of Frictional Force
* Dry Friction

 Static Friction

* Kinetic Friction

* Rolling Friction
e Sliding Friction

e Fluid Friction



*HYUT g & ThI - Types of frictional force

- T4fas gyurT §o (Static friction forc;lzr ~ 3 [RAT 9Fd I @R & T T I
STl § & 39 T o @8 o 98 3R 39 ddg & HALF oHe drel T H
Afas gjnﬁ%rw =GRl IRHATIT SRNT T §of & aXeX JUT f&2m go v farr &

- Ul gYuT §of (Slldmg frlctlonal force) — aﬂé ER—T:DF fhdr Idg 9 hd) %’ ar ER—T:DT
3 39 Gdg & g 9 dTell Jd Hfﬁ gYUT S hgolldl g

. diclaer gyuT g (Rolllng frlctlonal force) —old aﬁé g¥d dT 9dg W} oic‘ochcll % ar
S 3R 38 FAF & T @ dTell dof ellicioleh TYOT el Hgelldl &




» Examples of Fluid Friction :

To avoid creaking sounds from doors, we lubricate the door hinges which leads to
the smooth functioning of door hinges.

When you drop the ball in a full bucket of water, water splashes out of the bucket
and is all because of buoyancy of fluid.



Types of Friction
ShL

P

1. Sliding
2. Fluid
3. Rolling
4. Static



* Sliding friction is a friction force
that opposes the direction of
motion of an object that occurs
when solid surfaces slide over one
another.

* Examples:

* Writing — pencil point and paper

* Combing your hair — surface of comb
and strands of hair




* The force that tries to slow objects down when they -
move through a liquid or a gas. It's also known as "drag",
or "air resistance". gar #1 sWE

e

 All gases and liquids are fluids.

* Fluid Friction increases as the speed of the object
Increases.

* An airplane and a swimmer both experience fluid
friction.




Rolling Friction

* Rolling friction is friction that
occurs between surfaces in
motion that are rolling in
which one of the surfaces is a

wheel, roller, or ball.

* Examples:
* Riding a bike —tires and ground
* Bowling — ball and lane




e Static friction is friction that
occurs when the surfaces in
contact are at rest (not in
motion).

* Examples:
* A book resting on a desk.

* A potted plant sittingon a
sidewalk. //



.4 Ways to Reduce Friction

7
* Smooth the surface —less hills and valleys and there are not as deep.
 Replace sliding with rolling (Use Wheels)
* Add a lubricant like oil, wax, or grease — Fills in the hills and valleys.

* Less force pushing together — The hills and valleys are not pushed
together as hard so they contact.



* Rough the surface — more hills and valleys and there are not are
deeper.

* Replace rolling with sliding

* More force pushing together — The hills and valleys are pushed
together harder so the hills and valleys are in closer contact.



* What is friction?

e Friction Video



http://www.youtube.com/watch?v=TkXAJHitPAY&feature=related

Friction is both harmful and helpful.
Turn to an elbow partner and identify
some examples of friction being harmful
and friction being helpful.




(a}) Provents us from slipping when walking or

-

scie of 2 shoe and the surface
of the ground prevents us frcm shpping.

(D] Scops & rmoaving wehicle
-~

A morving wehicle will stop when the bBrake =
pressed Lessuse there m friction Between the
Cyres and the raoad surface.

<) Keeps the position of an objoct om a surface

COur furninusre does not mowe because thore is
fricoion botweon the base and the floor surfoe.

(d) Produces fire

. Friction between a match and the box can

produce fire,

(=) Holds ar grips things

Fricticon beips os 2 hold a glass or grip a poencil
2t werite.

() Sharpeons a knife

Fricoon causcs an object o wear ouc. This emables
ws o sharpen a knife or pencil.




% Is it beneficial to

e A )
(’@ reduce or increase
°J friction? Why or

......
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Which of the following would NOT help
you move a heavy object across a
concrete floor?

Water, ball bearings, oil, liquid soap,
steel rods, foam rubber

Name three common items you might
use to increase friction.
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Uniform Circular Motion (TehHHTA Elc?ﬂzl' afq):
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* The movement of a body following a circular path is called a circular motion.

JATeh T T HTEIOT el dTel U5 &7 a1fd &Y el a1fa gl Sirer g

* Now, the motion of a body moving with constant speed along a circular path is
called Uniform Circular Motion.

%%h%w$mﬁw¢?rﬁrasmamﬁmﬁ?aﬁr?ﬁaﬁwwmaghwnﬁrav—gr
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* Here, the speed is constant but the velocity changes.
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e if a particle is moving in a uniform circular motion:

'k SQLCA{ /
g a = =
* 1) Its speed is constant/ ‘y\\y/

U 20&(\\

 2) Velocity is changing at every instant 0=

e
—C

§7/

A“‘*-,,‘\ V(t + AY)

* 3) There is no tangential acceleration

Ve + Ay \ A0 / @)

* 4) Radial (centripetal) acceleration = w2r

* 5) v=wr a =T\ v g ®
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e Uniform Circular Motion Examples

* Motion of artificial satellites around the earth is an example of uniform circular
motion. The gravitational force from the earth makes the satellites stay in the
circular orbit around the earth.

* The motion of electrons around its nucleus.

* The motion of blades of the windmills.

* The tip of second’s hand of a watch with circular dial shows uniform circular
motion.
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Ce ntr_ipetal Force : Centripetal force is the component of force acting on an
object in curvilinear motion which is directed toward the axis of rotation or center of
curvature.

o
4
oA (2

HAFIT o v AT 9 7 S TR oft g F gAT 9U (circular path) #
mﬁ#mm%mmﬁéﬁﬁ%’#m%aﬁ?mm
fEux Tgar ¥ Ig R s W & doldl (weight) T WTHfEH(mass) R AR
HIAT ¢ 30 & JAPRIT I (Centrlpetalforce)%ﬁ %
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¢ Centrifugal Force : centrifugal force is a force that arises from the body’s
inertia and appears to act on a body that is moving in a circular path which is
directed away from the centre around which the body is moving.

A Vgeudo, Troglnasy
s,

—7

* Weight of an object at tmand on the equator Oh@
FC = feent Fompd

* A bike making a turn.

* Vehicle driving around a curve

* Equatorial railway
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Circular Reasoning
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SECOND...
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“What I1s uniform circular motion?




> The speed Is constant, ‘v’
"he velocity is not!

"here 1s an acceleration
"here Is a net force

B3]



http://www.colorado.edu/physics/phet/simulations-base.html

Circuaméniarﬁr;ce of d 2 72- r
Diameter x 3.14 (] ) V (Speed ) — — —
Gresmereng, L T

/ Diameter \ 272' r

2
v (?) Azt

a =— =
C 2
r r T
1 T = Period (time per revolution)
T — f = frequency (revolutions per unit time)
f Vv = speed
r = radius




2
To the centerz E_ Lm,/ . kg '(W /S)

S kg -m/s?
L 11 |
=
2y o
2
Vv (m/s) )
To the center | = — =m/s
I m




If string released when ball
here, ball goes straight
toward A not toward B

!

4]
-

Side view Top view




Constant Speed not \Velocity:
The direction of v changes continually!

The velocity i1s always tangent to the path



There must be a force and therefore an acceleration:
Directed to the center




When the string is cut it Heég——;;21\<§

Tangent







V L | .
/ ARJUN flies his model plane, the radius of the orbit is50 m
and the 2 kg plane is flying at 20 m/s.
1. What is the tension he feels in his hand?
2. What was the centripetal acceleration of the plane?
3. At the position shown draw in vectors showing the direction
of the force, acceleration, and velocity.




Ry
O
% 900-kg car moving at 10 m/s takes a turn around
a circle with a radius of 25.0 m. Determine the
acceleration and the net force acting upon the car.

v ' @

2. F=ma = (900 kg) x (4 m/s?) — =

F=3600 N
D

1. a=(vd)/R
a = (10.0 m/s)?/(25.0 m)
a = (100 m?/s?)/(25.0 m)
a =4 m/s?
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Not enough friction to turn the tape!




Centripetal Force depends on the mass:
Smaller mass — Smaller force

smaller mass




Centripetal Force depends on the velocity
Smaller velocity —» Smaller force

Smaller Delocity

FT

FT

| b



Centripetal Force depends on the radius
Smaller radius — Larger force

sSmaller radius

FT

FT




Not enough force to
meet the
requirement.

In thisanimation, the "'sticky"* or
adhesive forces fromthe tiretread
act as the centripetal force. It
large enoughto keep the mud in a
circularpath as the tire spins.

The tireis spinning faster here
which means a larger centripetal
force is needed to keep the mud in
the circular path. The adhesive
force is not large enough, it flies
off on a tangent and follows
Newton'sfirst law!




Hell Hole

The rotor is an amusement park ride where people stand against
the inside of a cylinder. Once the cylinder is spinning fast
enough, the floor drops out. What force keeps the people from
falling out the bottom of the cylinder?

a. Centripetal force

b. Friction <« correct
c. Normal force



At amusement parks there is a popular ride where the floor of a
rotating cylinder room falls away, leaving the backs of the riders
“plastered” against the wall. Suppose the radius of the room is

3.3 m and the speed of the wall is 10m/s when the floor falls away.

1. How much centripetal force acts on a 55 kg rider?

2.  What is the minimum coefficient of static friction that must exist between
the rider’s back and wall, if the rider is to remain in place when the wall

falls away?

mv?  (55kg)(10m/s)*

=1 667N
r 3.3m

F. =




Newton § Second Law
Applied to Circular Motion

> String provides the tension
(Fc)

> This force is directed
toward the center



Vertical Circle

2
mv
2F. =T+mg=
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Conical Pendulum




Conical Pendulum

!

/

Y No acceleration in the
Tcos / vertical direction
£a 9 f‘f
=~ 2. F, =Tcosf-mg=0
Tsme | The centripetal force is
provided by
mg 9

ZFcszinH:mTV

A componentof the tension provides
the centripetal Force
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Ferris Wheel




Ferris Wheel

e

Find an expression for the maximum speed at which the ferris wheel can
rotate before turning its passengersinto projectiles.

mv’
2.F. =mg —F =

Making the passengersairborne is the same as saying F\ = 0, therefore:

Note: It s independent of the mass of the riders



a0

> The normal forces between the roller coaster and tracks
»The normal forces between you and the roller coaster






Sign Convention:

>To the center is positive
»>Away from the center is negative




Geosynchronous Satellites

» Toserve as stationaryrelay stationthe
satellite must be placed at a certain height

above the earth surface

/ &]"Y.' ! "'Y
Gl e theyhave an orbital
S periodequal to the
e . Y rotational period of

e the earth, 24 hours.




Military

22,300 miles
36,000 kilometers

Communications




SUMMARY

Particle moving with uniform speed v in a circular path
with radius r has an acceleration a:

V >

- The acceleration points to N
the center of the circle!
- Centripetal acceleration




» The velocity of the particle is always
» The centripetal acceleration is towards the
» The centripetal force acting on the particle is towards the

 Centripetal force causes a
change in the
but no change In

» The magnitude of the centripetal
acceleration is: a =

* Newton’s law: The force on the
particle is (centripetal force)
F=ma =




Motion In a circular path at constant speed

* \klocity is changing, thus there is an acceleration!!

» Acceleration iIs perpendicular to velocity

 Centripetal acceleration is towards the center of the circle

« Magnitude of acceleration is 2
*The change in velocity is director to the center da ——

v ,!




Horizontal Circle
Lauren rotates a stone, m = .50 kg that Is attached to the end of

a 1.5 m cord above her head in a horizontal circle.
a. If the cord can hold 50 N of tension, at what maximum speed

will it rupture.
b. Which force “provides” the centripetal force?




centrifugal
force _ — =
-

\

path of centripetal b \
inertia 4 force
/ 7
4
|
\
\
b 7/
S e -

A particle is moving in a circular path. If the force on the
particle would suddenly vanish (string cut) in which direction
would the ball fly off?
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For every 8000 meters along the horzon,
the earth curves downward by 5 meters.
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