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Note that the acceleration component a, is independent of the mass of the

car! It depends only on the angle of inclination and on g.

(B) Suppose the car is released from rest at the top of the incline and
the distance from the car’s front bumper to the bottom of the
incline is d. How long does it take the front bumper to reach the
bottom of the hill, and what is the car’s speed as it arrives there?

Solution:
Apply equation: X =X; tUyt + % a.t’

1
xp=d , x;,=0 and v,; =0 then dzzaxtz

Solve for ¢: - #@ [ 2a
V a, Y gsinf
Use equation: Vyr? = Uy *H2a, (X - X;)
with v,i = 0 ,to find the final velocity of the car:
vxfz =2 a, d

= V2a,d= V2gdsinf

Example (5.3):

When two objects of unequal mass are .
hung vertically over a frictionless pulley of negligible ‘ VR | \
mass as in the figure a, the arrangement is called an
Atwood machine.
The device is sometimes used in the lab. to determine the value of g.
Determine the magnitude of the acceleration of the two objects and the

tension in the lightweight cord.
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Solution:
The objects in the Atwood machine are subject to the gravitational force

as well as to the forces exerted by the strings connected to them.

Two forces act on each object: the upward force T (tension) exerted by

the string and the downward gravitational force.

Apply Newton’s second law to object 1: TA
.'l'!J
> FE=T—mg=mg, i St
Apply Newton’s second law to object 2: mE ¥
> F,=mg— T=ma,
— mg+ myg = mya, + m,a,
. Mo — Wiy
Solve for the acceleration: 4, = (mu TR
. . 2 a9
To find the tension 7 of the string: T=mig+a)= [m = nﬂ'f )g
SRR F

Example (5.4):

A ball of mass m; and a block of mass m, are attached by a
lightweight cord that passes over a frictionless pulley of negligible mass
as in the figure a. The block lies on a frictionless incline of angle 6.

Find the magnitude of the acceleration of the two objects and the tension
in the cord.

Solution: : ::
If m, moves down the incline, then m; moves .1' my ks -
upward. Because the objects are connected by a

cord (which we assume does not stretch), their
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accelerations have the same magnitude.
Apply Newton’s second law in component form to the ball,

choosing the upward direction as positive: )

W X E=0
2) D F,=T—mg=ma,=ma

For the ball to accelerate upward, it is necessary that 7> m,g.

Apply Newton’s second law in component form to

the block:

r'; :
m.prcost P
28 £

(3) > Fr = mogsin 8 — T= moay = mya 3

4) > F,=n—mgcosf=0

We replaced (a, ) with (a ) because the two objects have accelerations of

equal magnitude (a).

Solve equation (2) for T': (6) T=my(g+ a)

Substitute this expression for 7" into equation (3):
mygsin f — my(g + a) = m,a

Solve for (a):

Mo sin @ — my
(6) a= (—Jg

m; + M

Substitute this expression for (a) into equation (5) to find 7':

‘mymalsingd + 1)

m, + ms
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5.5 Forces of Friction

When an object is in motion either on a surface or in a viscous
medium such as air or water, there is resistance to the motion because the
object interacts with its surroundings. We call such resistance
a force of friction.

e [f we apply an external horizontal force F to a block for example,

acting to the right, the block can remains stationary when F is

small. The force on the block that counteracts F and keeps it from

moving acts toward the left and is called the force of static

friction _ﬂ . As long as the block is not moving, f; = F. Therefore, if

Fis increased, ?S also increases. Likewise, if F decreases, ?S also

decreases.

e We call the friction force for an object in motion the force of
kinetic friction _fk .

e The magnitude of the force of static friction between any two
surfaces in contact can have the values:

fs = psn (5.5)

Where the dimensionless constant () is called the coefficient of
static friction and (n) is the magnitude of the normal force exerted by
one surface on the other.

e The equality in equation (5.5) holds when the surfaces are on the
verge of slipping, that is, when f; = £ n.x = W#. This situation is
called impending motion.

e The inequality holds when the surfaces are not on the verge of
slipping.

e The magnitude of the force of kinetic friction acting between two

surfaces is:
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S = Mgm (5.6)
Where () is the coefficient of kinetic friction.

e The values of p; and p; depend on the nature of the surfaces.

e, is generally less than p;.

Typical values range from around (0.03 to 1).

e The direction of the friction force on an object is parallel to the
surface with which the object is in contact and opposite to the
actual motion (kinetic friction) or the impending motion (static
friction) of the object relative to the surface.

Example (5.5):

A block is placed on a rough surface inclined relative to the
horizontal as shown in the figure. The incline angle is increased until the
block starts to move. Show that you can obtain p; by measuring the
critical angle 8 at which this slipping just
occurs?

Solution:

(1) D F,= mgsinf — f,=0 ¥ ngsin 0

(2) 2 F,=n—mgcosf =0 of

Substitute ( mg = n/cos 8) from equation (2) into

equation (1):

n
3) = mgsin = - |sinf! = ntan #
©) J; & (r:ﬂs ﬁ‘)

When the incline angle is increased until the block is on the verge of
slipping, the force of static friction has reached its maximum value p, 7.
U, n=ntan 6

U, =tan 6
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Example (5.6):

A block of mass m, on a rough, horizontal surface is connected to a
ball of mass m, by a lightweight cord over a lightweight, frictionless
pulley as shown in the figure a. A force of magnitude F at an angle 6
with the horizontal is applied to the block as shown, and the block slides
to the right. The coefficient of kinetic friction between the block and
surface is L.

Determine the magnitude of the acceleration of the two objects.

Solution:
_,,,"/( F

(1) 2 F .= Fcosl — f, — T= mya,= mya " &
(2) 2 F,=n+ Fsin@ — myg=0

(3) 2 F=T—-mg=ma, = ma 1T

Solve equation (2) for n: my
n= meg — Fsin # ‘m]g'

Substitute ( z ) into f; = W :
(4) fi = py(mog — Fsin 6)

Substitute equation (4) and the value of (7") from equation (3) into
equation (1):

Fcos @ — p(meg — Fsin 8) — m(a + g) = msa

Solve for a:

Flcos 6 + JLg SIn #) — (m, + M;—_.m-_,Jg

- e
(5 a=
m; + ms
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Chapter 6

(Uniform Circular Motion)

6.1 Particle in Uniform Circular Motion

If a car is moving on a circular path with constant speed v, we call it
uniform circular motion. Even though an object moves at a constant
speed in a circular path, it still has acceleration. To see why, consider the

defining equation for acceleration,

<!

a’:

JE

Notice that the acceleration depends on the change in the velocity.
Because velocity is a vector quantity, acceleration can occur in two ways:
1- By a change in the magnitude of the velocity.

2- By a change in the direction of the velocity.

The constant-magnitude velocity vector is always tangent to the
path of the object and perpendicular to the radius of the circular path.
For uniform circular motion, the acceleration vector can only have a
component perpendicular to the path, which is toward the center of the

circle.

e Let us now find the magnitude of the acceleration of the particle.

The angle A@ between the two position vectors in the figure (b) is the

same as the angle between the velocities vectors in figure (¢) because the
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velocity vector V is always perpendicular to the position vector T .
Therefore, the two triangles are similar; (Two triangles are similar if the
angle between any two sides is the same for both triangles and if the ratio
of the lengths of these sides is the same). We can now write a relationship

between the lengths of the sides for the two triangles.

AV _ |A¥

v r
Where v,=v,=vandr =r,=r;

The magnitude of the average acceleration over the time interval for the

particle to move from A to B:
.jl;{rl . ';_r!.-':'l.l:l

el = Taq =7 2
As A and B approach each other, Az approaches zero, |AT| approaches

the distance traveled by the particle along the circular path, and the ratio
4T

A .. :
A—;l approaches the speed v. In addition, the average acceleration

becomes the instantaneous acceleration at point A. Hence, in the limit
At — 0, the magnitude of the acceleration is:

a Centripetal acceleration (6.1)
g
: =

This acceleration is called a centripetal acceleration (centripetal means
center-seeking) because a. is directed toward the center of the circle.
Furthermore, @, is always perpendicular to v.

In many situations, it is convenient to describe the motion of a particle
moving with constant speed in a circle of radius » in terms of the period
T, which is defined as (the time interval required for one complete
revolution of the particle). In the time interval 7, the particle moves a
distance of 2mr, which is equal to the circumference of the particle’s
circular path. Therefore, because its speed is equal to the circumference

of the circular path divided by the period or v = 2n7/T, it follows that:

43



2ar
=== Period of circular motion (6.2)

Example (6.1):

What is the centripetal acceleration of the Earth as it moves in its orbit
around the Sun?

Solution:

Combine equations (6.1) and (6.2):

(Eﬂry
o \T/) %

r r y &

The period of the Earth’s orbit, which we know is one year, and the
radius of the Earth’s orbit around the Sun, which is (1.496 x 10" m).

B 47 °(1.496 % 10" m}( | yr )
3.1

. - = 503 % 10 ¥ m/s
(Lyr)* 56 X 107 s, £

a,

e Let us now consider a ball of mass m that is tied to a string of
length » and moves at constant speed in a horizontal circular path:

According to Newton’s first law, the ball would move in a straight line if

there were no force on it; the string, however, prevents motion along a

straight line by exerting on the ball a radial force F, that makes it follow

the circular path. This force is directed along the string toward the center

of the circle. If Newton’s second law is applied along the radial direction,

the net force causing the centripetal acceleration can be related to the
acceleration as follows:

sz
> F=ma, = e Centripetal force  (6.3)
This force causing a centripetal acceleration acts toward the center of the

circular path and causes a change in the direction of the velocity vector. If
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