PHY 101

Applications of Newton’s Lgy

Outline

Particles in Equilibrium
Dynamics of particles
Frictional forces

Dynamics of circular motion



Introduction

gemidation of classical mechanics and
y manner. But applying these laws to real
situations N as a toboggan sliding down a hill, or an airplane making a
steep turn requires analytical skills and problem-solving technique.

o We'll begin with equilibrium problems, in which we analyze the forces
that act on a body at rest or moving with constant velocity (Particles in
Equilibrium);

e We'll then consider bodies that are not in equilibrium, for which we’ll

have to deal with the relationship between forces and motion (Dynamics
of particles);

o We'll learn how to describe and analyze the contact force that acts on a
body when it rests on or slides over a surface (Frictional forces); and

o We'll also analyze the forces that act on a body that moves in a circle
with constant speed. We shall close the lecture with a brief look at the
fundamental nature of force and the classes of forces found in our
physical universe (Dynamics of circular motion).



Particles in Equilibrium

orces is called a particle.
It is sai™O De at equmbrlum when it is at rest or
moving with constant velocity in an inertial frame of
reference.

Examples: A hanging lamp, a kitchen table, an airplane
flying straight and level at a constant speed.

The essential physical principle is Newton’s first law:
When a particle is in equilibrium, the net force acting on
it—that is, the vector sum of all the forces acting on it—

must be zero:

EFL =0  (paricle in equhibnum, vector form)

EF_I =] E,F" = (particle in egmlibnuom, component form)



Particles in Equilibrium

Opposite ends of a rope

which rictionless pulley is atteched to a
chain whiCh goes to the ceiling. Determine the tension in the
chain.

: Tc
Solution:
Let Tw be the tension cause by each weight and the Tc is
the tension on the chain by the ceilingon the pulley. Twl Tw2
The net force on the pulley is:

250N | | 250N

—— Tc— (Twl+Tw2) =0
Tc = Twl + Tw2 = 250 +250

Tc=500 N
11 A wieght of 250 Kkg is suspended vertically

from two strings as shown below at point O. If
the tension in the right string is 183 kg.
Determine the tension T. 30°

Solution

The forces acting on the wight are shown in the
second figure, For Equilibrium, vetical
resolution of forces gives:
183C0s60°+TCo0s(90-0)-250=0; TSin6=158.5
Horizontal resolution gives
183Sin60°+TSin(90-0)-250=0; TCos6=158.5
T2 (Sin0+Cos%0)=158.5% + 158.52

T=224.1 kg; 6=tan"1(158.8/158.5)=45°,



Dynamics of particles

A boc
when t OT
equal t zero. This s
applicaton of Newton’s second
law in which the velocity of
bodies In motion is not

ou have to use
Newton’s second
law for any problem
that involves forces

constant. These bodies are not acting on an
In equilibrium and hence are -
accelerating. The net force on aCCEIeratmg
the body is equal to the mass  body.
of the body times its
acceleration:

E. (Mewbon's secand law, veclor orm)

2 Ml

> F > F = ma

(Mewlon's second law,
* ¥ component fomm)



Impulse and Momentum

c In which the force acts
of the mass and the velocity of the

e A body that increases its velocity from ¢ to v within an interval of time ¢
acquires an acceleration: a=v-u

> t
»and the force acting on the body is: F=m(v-u)
> t

»Therefore, Ft=mv-mu

»The above equation states that the impulse on a body is equal to the change
in momentum of the body.

»Considering a body A of mass m, with initial velocity u, and collides with a
second body B of mass mg and initial velocity ug. if the velocities of A and B
after collision are v, and vg respectively,



Solved problems

Initial qual to final momemtum of
Aand B MAUL+MgUG= MAVA+MGVg

This i1s the principle of concervation of momentum which
states that, the total momentum of a system remein constant if
no external force act on the system.

Example 1. An upward force of 1.2x10*N acts on an elevator
of mass 2.0x103 kg. Calculate the elevator’s accelation.
Solution

The forces acting on the elevator are its weight, mg, downwards
T " Ta and upward force F. The net force Is

F-mg=ma
1.2x104-(2.0x10° x 9.8) =( 2.0x10%)a
lmg a= -3.8m/s?




Frictional forces

(touchi
Interactio
normal force
in this section we’ll look in detail at another
contact force, the force of friction.

Friction IS Important in many aspects of
everyday life. The oil in a car engine
minimizes friction between moving parts, but
without friction between the tires

and the road we couldn’t drive or turn the car.
Alr drag—the frictional force

exerted by the air on a body moving through
It—decreases automotive fuel economy but
makes parachutes work.

Without friction, nails would pull out and light
bulbs would unscrew effortlessly.

e

example of a con.tact force; (On,]ﬁeﬁllb

e
"' :

,,,,,
Whiezev,

> "

Kinetic and Static Friction

When you try to slide a heavy box of
books across the floor, the box doesn’t
move at all unless you push with a
certain minimum force. Then the box

starts

moving, and you can usually keep it
moving with less force than you needed
to



e When you slide a heavy box across the
floor

e You have to push with a strong enough
force to get it moving.

e Once it is moving, you can keep it moving
with less force than it took to get it started.

e If you make the box lighter, you need less
force than before to start it and to keep it
moving.



Forces from a surface

e \When an objects rests or slides on a
surface,

e The surface exerts a normal force
perpendicular to the surface

e And a frictional force parallel to the
surface.

e The direction of the frictional force is such
that it always opposes the relative motion
of the two surfaces.



's when a

e The frictional force that ac
body slides over a surface
kinetic friction.

e [ts magnitude is given by:

- Magnitude of

fk = 1 Fy

Is called

normal force

Coefficient of kinetic friction



e The frictional force that acts on a body that is
resting on a surface is called static Friction.

e Static friction is what resists the beginning of
motion and makes it hard to get a box
started sliding across the floor.

e The magnitude of static friction force is:
-~ Magnitude of normal force

1:s — :us |:N

Coefficient of static friction



Frictional forces

2.18 (a), (b). (& When there is no relative motion, the magnitude of the static friction force f; is less than or equal to gpn.
{d) When there is relative motion, the magnitude of the kinetic friction force fi equals ggn. (&) A graph of the friction force
magnitude f as a function of the magnitude T of the applied force. The kinetic friction force varies somewhat as intermolecular

bomeds form and break.

(@ = (B) = () HT (d) "1
T . r r
5 T 4 —& & —
—— Kl = efj— p = —— y=
w W wl wl
Mo applied force, Weak applied force, Stronger appliad force, Box sliding at
box af rest box remains at rest. box just about to slide. constant speed.
Static friction: Einetic friction

Mo frickion Satic fricton

Example 1: A box of books of mass 2.0 kg is sliding across a level floor and its retardation is

measured to be 4.0 m/s2. Calculate the cosfficient of kinetic friction.

Solution AN Resolving verically gives N=mg
a The only horizontal force on the book is —u,N=ma,

a=4.0m/s?; Dividing equation 1 by 2
u,—a/g=4.0/9.8=0.408

U N

<

y MJ



namics of circular motion and gravitations

revo
revo

dCCe

pPodles move in a
Al negogiating a bend; the
of the satellites around the earth and the
ution of the planets around the sun. The
eration of the circular moving body is directed

radially towards the center of the circle and its
magnitude is «, =— ; where r is the radius of the

path.

I’I/ZV

From Newton’ s 20d law, F.=ma,=—

Periodicity of the uniform acceleration: Th|s is the

time

(T) taken for the particle to complete one

revolution around the circular path of radius r. This is
equal to the arcumference of the circle divided by the
speed. 2pr 2 anR

v “IEIj_R= TE



e of the distance separating

Gmlnfz2

their centers. F =

Gravitational Potentlal Energy Vg This is the work
done in moving a body initially separated from the
center of the earth by distance r is moved further

distance dr. 777 — Eg dr

_ GMm
grav_ c\)rzf Cl’l’— NGmM Edl” :> I/(E)

r
Thus a body on the surface of the Earth has a

distance from the earth zero grawtatronal potential
energy



e The cog s of friction must be less than 1.
» When the net force on a particle is zero

e The particle is in equilibrium.

e [t has a constant velocity.

e [t has zero acceleration.

» When the net force on a particle is not zero

e The particle is dynamic

e The velocity is not constant

e The particle possesses acceleration

» In uniform circular motion,

e the acceleration vector is directed toward the center of the
circle. The motion is governed by Newton’s second |

L
% = o

Inetic, have no




Assignment

. What is the
coefficie N between the sidewalk and the metal

runners of the sled?

2. The sled from the example is now on packed snow. The
coefficient of friction is 0.12. If a person weighing 650 N sits on
the sled, what force is needed to slide the sled across the snow
at a constant speed?

3. A 100-N body is shown suspended from a system of cords.
What is the tension in the horizontal cord?

4, A skier of mass 65.0 kg is pulled up a snow-
covered slope at constant speed by a tow rope
that is parallel to the ground. The ground slopes
upward at a constant angle of 26° above the
horizontal and you can ignore friction. Calculate
the tension in the tow rope.




angle of 30.0° with
the ram IS required in order for the
componen™ parallel to the ramp to be 28.0 N? How large will
the component F, then be?

6. A 20-kg box rests on a frictionless ramp with a 15° slope. A
mover pulls up on a rope attached to the box to pull it up the
Incline. If the rope makes an angle of 40° with the horizontal,
what Is the force the mover must exert on the box to give it an
acceleration of 1m/s??

/. A 5-kg block is held at rest against a vertical wall by a
horizontal force. What is the minimum horizontal force needed to
prevent the block from falling if the coefficient of friction between
the wall and the block is pu,=0.407




