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Inertial and Non-Inertial Reference
Frames

m Recall: Newton'’s first law of motion (law of
inertia):
An object at rest stays at rest and an object in
motion stays in motion with the same speed

and in the same direction ynless acted upon by
an unbalanced force.

p T

Inertial and Non-Inertial Reference
Frames

= We've already talked about frames of reference
in this course when we talked about relative
velocity. You know that a person sitting on a bus
watching a ball roll across the ground will have a
very different measurement of the ball’s velocity

than a person standing outside the bus would
measure the ball's velocity.
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Inertial and Non-Inertial Reference
Frames

= The person inside the bus and the person
outside the bus are measuring from different

frames of reference.

Inertial and Non-Inertial Reference
Frames

m The laws of physics seem to momentarily break
down for you sitting on the bus. In reality, what
has happened is that your frame of reference

has been compromised.

All VU books are available in hard copy and delivered all over Pakistan. Order now!
Website: vubookshoppk.com | WhatsApp: 0326-0775533

VU


https://vubookshoppk.com
https://wa.me/923260775533

MTH304

Inertial and N i
on-Inertial Ref
Ereibe erence

m An inertial frame of refe ce i
: _ rence is a frame of
referfance In which the law of inertia and other
physics laws are valid. Any frame moving at a
oor!stan_t velocity relative to another frame is also
an inertial frame of reference.

.M
Inertial and Non-Inertial Reference
Frames

= When the breaks are applied to the bus, the bus
undergoes a negative acceleration. At this
moment, it becomes a non-inertial frame of
reference.

= A non-inertial frame of reference is a reference

frame in which the law of inertia does not
hold. b
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Inertial and Non-Inertial Reference
Frames

= An Inertla! frame of reference is a frame of
refergnce In which the law of inertia and other
physics laws are valid. Any frame moving at a

constant velocity relative to another frame is also
an inertial frame of reference.

Inertial and Non-Inertial Reference
Frames

m Although the ball accelerates toward the front of
the bus, there is no net force causing the
acceleration.

= But if you are sitting on the bus, you observe the
ball accelerating forward. That would imply to
you as you sit on the bus that there is a net
force forward on the ball.

m The reason there appears to be a net force on
the ball is that you are observing the motion of
the ball in the non-inertial reference frame.

All VU books are available in hard copy and delivered all over Pakistan. Order now!
Website: vubookshoppk.com | WhatsApp: 0326-0775533

VU


https://vubookshoppk.com
https://wa.me/923260775533

MTH304

Inertial and Non-Inertial Reference
Frames

= If you were observing the motion from the road
(which is an inertial frame of réference) the ball
just continues to move forward at the speed it
was already going, and it's motion is easily
explained by the law of inertia.

= To an observer in the inertial frame of reference
(the ground) the bus experiences a net force
causing it to decelerate. The ball just continues
it's forward velocity with no net force.

What is a Force?

A force is a push or pull acting on an
object that changes the motion of the
object.

All VU books are available in hard copy and delivered all over Pakistan. Order now!
Website: vubookshoppk.com | WhatsApp: 0326-0775533

VU


https://vubookshoppk.com
https://wa.me/923260775533

MTH304 VU

Types of Forces

= Contact Force — Forces that act through
direct contact between two objects

= Applied Forces, Friction

= Long Range Forces — Forces that can
act over distances

= Gravity, Electromagnetic Force (EMF)

Newton’s Second Law of Motion

= Newton discovered the idea of a Force

= He found the Force is proportional to
the Acceleration of an object (more
Force = more Acceleration)

m He found the Force is proportional to
the mass of the object (more mass =
more force needed).
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Newton’s Second Law of Motion

= Moving objects accelerate when an
unbalanced force (F) acts on them. The
stronger the force, the greater the
acceleration (a). Also, the greater the
mass (m) the greater the force required
to change the motion.

m Force = mass x acceleration
s F =ma

Newton’s Second Law of Motion

m Force is a Vector Quantity and
therefore has magnitude and
direction.

m The direction of the force is the same
as the direction of the acceleration.
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S.l. Unit For Force

m [he Unit for Force is a Newton (N)
= 1N = 1kg m/s?
= A Newton (N) is defined as the
amount of force required to

accelerate 1 kg of mass at a rate of
1 m/s?.

Net Force

= When Multiple forces are acting on an
object. The Net Force is the amount of
force that is left after adding all the forces
on the object.

= Net force (Fygr) = Resultant Force (Fg)
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Balanced Forces

Balanced Forces are forces that are
equal and opposite so that they
cancel out.

10 N East 10 N West
-> <
Net Force=+10N+-10N=0

Unbalanced Forces

Unbalanced Forces are forces that when
added do not cancel out and cause a
change in the motion of the object.

30 N East 10 N West

> &
Foet = +30 N +-10 N = +20 N East
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Inertia

Inertia measures the tendency of an object
to resist changes in motion.
= Galileo came up with the idea of inertia
= Objects do not want their motion to
change

= Mass measures how much inertia an
object has (More mass = More inertia)

Newton’s First Law of Motion
(Law of Inertia)

m If no unbalanced forces act on a moving
object, then the object will continue to
move with a constant velocity (constant
speed in a straight line). If an object is
at rest it will stay at rest.

= Newton took his concept of forces and
combined it with Galileo’s idea of inertia
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Equilibrium

= First Condition for Equilibrium
= [f the Net Force acting on the object is
zero
Fner=0 a=0
= The object is either stationary (v = 0) or

traveling with a constant velocity
(v = constant)

Mass and Weight

Mass is amount of matter that an object
possess. Mass does not change with
location.

Weight is the gravitational force that a large
body (such as a planet) exerts on another
object.
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Weight

m Weight is a Force! It is measured in
Newtons.

= Weight = Mass x Acceleration due to
Gravity (Newton’s 2" [aw)

= W=mg

= Weight does change with location!
(“g” will change with location)

Point of Application of a Force
The point of the body where the force acts is called the point of application.

Line of action of a Force ;
The line passing through the point of application in the direction of
the force is called its line of action,

Force System

A set of forces acting on a particle or rigid body is called a force
system or system of forces.

Equivalent force system

Two force system are said to be equivalent if one sysem can
be replaced by the other without disturbing the instataneous
state of rest or motion of a body.
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REPRESENTING A VECTOR
A vector is often represented by

an arrow or a directed line segment.
[

» The length of the arrow represents the magnitude
of the vector.

» The arrow points in the direction of the vector.

DENOTING A VECTOR
We denote a vector by either:

* Printing a letter in boldfacg (v)

» Putting an arrow above the letter (y7)
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VECTORS

For instance, suppose a particle
moves along a line segment from
point A to point B.

VECTORS
The corresponding displacement vector v
has initial point A (the tail) and terminal point
B (the tip).

* We indicate this by
writing v = 4. B |
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VECTORS
Notice that the vector u = ¢p has the same
length and the same direction as v even
though it is in a different position.

» We say u and v are equivalent (or equal)
and write

u=y D
3 u
%
C
A

ZERO VECTOR
The zero vector, denoted by 0, has
length 0.

® |t is the only vector with no specific direction.
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COMBINING VECTORS
Suppose a particle moves from A to B.

So, its displacement vector is AR.

COMBINING VECTORS
Then, the particle changes direction,

I
and moves from B to C—with displacement

vector B(".
#
)B
A ‘
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COMBINING VECTORS
The resulting displacement vector 4¢
s called the sum of 4B and BC .

I
We write:

AC=AB+BC g

ADDING VECTORS
In general, if we start with vectors u and v,
we first move v so that its tail coincides with
the tip of u and define the sum of u and v
as follows.
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VECTOR ADDITION—DEFINITION
If u and v are vectors positioned so the initial
point of v is at the terminal point of u, then
the sum u + v is the vector from the initial
point of u to the terminal point of v.

VECTOR ADDITION
The definition of vector addition is

llustrated here.
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TRIANGLE LAW
You can see why this definition is
sometimes called the Triangle Law.

utv

VECTOR ADDITION
Here, we start with the same vectors u and v
as earlier and draw another copy of v with
the same initial point as u. |
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VECTOR ADDITION
Completing the parallelogram,
we see that:

utv=v+u

VECTOR ADDITION
This also gives another way to construct

the sum:

* |f we place u and v so
they start at the same
point, then u + v lies
along the diagonal of
the parallelogram with
u and v as sides.
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PARALLELOGRAM LAW
This is called the Parallelogram

Law.

VECTOR ADDITION Example 1
Draw the sum of the vectors a and b
shown here.
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VECTOR ADDITION Example 1
First, we translate b and place its tail at the tip

of a—being careful to draw a copy of b that
has the same length and direction.

VECTOR ADDITION Example 1
Then, we draw the vector a + b starting at

the initial point of a and ending at the terminal
point of the copy of b.
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VECTOR ADDITION Example 1
Alternatively, we could place b so it starts
where a starts and construct a + b by

the Parallelogram Law.

(b)
MULTIPLYING VECTORS

It is possible to multiply a vector
by a real number c.
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SCALAR
In this context, we call the real

number ¢ a scalar—to distinguish
it from a vector.

MULTIPLYING SCALARS
For instance, we want 2v to be the same
vector as v + v, which has the same direction
as v but is twice as long.

In general, we multiply a vector by a scalar
as follows.

!
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If ¢ is a scalar and v is a vector, the scalar
multiple cv is:

The vector whose length is |c| times the length
of v and whose direction is the same as v if
¢>0and is opposite to vif ¢ < 0.

T

slfc=00rv=0,thencv=0.

SCALAR MULTIPLICATION
The definition is illustrated here.

» We see that real
numbers work like

scaling factors here.
/ 2" lv
2
* That's why we call .

them scalars.
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SCALAR MULTIPLICATION
Notice that two nonzero vectors are
parallel if they are scalar multiples of

one another.
/ -] ﬁ\/
SCALAR MULTIPLICATION

In particular, the vector -v = (-1)v has the
same length as v but points in the opposite
direction.

| —
-|'_'

» We call it the negative
of v.
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SUBTRACTING VECTORS
By the difference u - v of two vectors,
we mean:

Uu-v=u+(-v)

SUBTRACTING VECTORS
So, we can construct u - v by first drawing
the negative of v, -v, and then adding it to
u by the Parallelogram Law.

(a) i
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SUBTRACTING VECTORS

Alternatively, since v+ (u-v) = u,
the vector u - v, when added to v,
gives u.

SUBTRACTING VECTORS
So, we could construct u by means of

the Triangle Law.

(h)
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: Example
Two forces of magnitude 8N and 10 N are acting on a particle as shown in the
figure. Find the resultant of these forces by applying parallelogram law. (3 J 5N
Find also the angle made by the resultnat with 10N force, e
s st -
Y]
—_— & OAC f"J'Dﬂ

i
LD‘*'“"—‘r(-@"llm o low A

R~ g°
= & +tlo_ X Srla Gy

= Bl 4l - [66 cos 16"

= 64~ 21.¥7
=~ L5(.37 |

R — 1~
Low o Sine,

B8
Sivlye ™ 5ThB
4 e
Clnlye® '3':”9
Sing = %\,{Sihma'
= 0%

8~ Slh'-.{‘ifﬂ-g]
8 = hgo
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Example
Two forces of magnitude 10N and 15N are the resolved parts of force of
magnitude FN as shown in the figure. Find the magnitude of Force F.

O

e |

*  Using law of sines
(LT
Sin3o° Lind
Snl't-\d - lo o . =l
= FySmad” = A = L
i " i ﬁ_bd‘%$f3)

P=18°_3¢°_ g4
= I?,E‘,I.g"

Mow using law of cosines

— %
F = lo® Lic—ovioxiclnllme?

= 130.5°

Now using law of cosines
1 2
F= 10" 41s=2X oxIs (g1’
-~ 335 - 300 wo |%0.5

T AT 4 [9Y.83
= S|7.5%
~= Nsnig

= e bogN
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Example

Two forces of magnitude 100N and 80N are acting on a particle
as shown in the fig.

(i} Find the magnitude of the resultant by applying parallelogram
law.

(ii) Find the angle that the resultant makes with vertical.

B
_L”E'T Loy -J( CoAonso
e ml"f%"z—k‘mraﬂmw

R: \ lélﬁﬁﬂ — \Greegy 70

_ Iul'-i.jl_l
LMM{] Lo @ Sinas
G £+ = a

(ii) Find the angle that the resultant makes with vertical.
sl
__L”'a Lw-u -—’i Cedonsoa
e T
hﬁ] _f'%d "—)—}qm}.au XCATS
R: \J “'J'L'f“c’--'uﬁmttn‘fdu
Lu’”‘ﬁ Lo ‘£5m&ﬂ
..S_'I_\r_‘n(: i Sin7d’
loh Y

@0 ~

Stn f:'L:—- limjin?ub
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- I'ULI_IL| N
u'b""a Low ‘EE S wad
51’"‘4 = SRt

i
l.““a - FE?"I-H‘I_
Snd=_ | ouSinzet
lal 54
A= 44y*
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Resolution of Forces

Resolution of forces
|
| |
2-D 3-D (Space)
|
| 1
X, ¥ axis (Horizontal & Vertical) Oblique Resolution
| 1
F,, F, (Slope or angle} Triangle Force (Sine Law]
Cosine Law
Coordinates: 2-D or 3-D
¥ " F4
l-’ lllllll F g
x . (]
A ke o e :
| o ; F :
] : : . : LS
| B "_..
| gty -
O X —— X
F -
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Resolution of Forces
<+ The process of replacing a force system by its components 1s called Resolufion.
L
%+ To resolve a force into x-y components means to express the force as the sum of two
forces, one in the x-direction (the x-component) and one in the y-direction (the y-

component), When resolving a force into x-y componenis, we must have information on the
direction of the force and the magnitude of the force.

Comin.  Fi=7x(® F,=7xc0s36.7
&% Fy=7x(2) F,=7xsin36.7
|

Resolution of Forces

¥# When the angle of the force relative to the x- or y-axes
is known, we can use trigonometry to find the components.
Let ( @ ) be the angle that the foree makes wilh the posilive
x-axis. Usmg trigonometry, we find the components ( F, and

F, ) as follows:
=> F, =F.sin6

cos@=— C—> F, =F.cos@

#* It is usuvally casiest to [ind the magniludes of the
components from the acute angle of the triangle defined by
the force and the axes. Note that the components may have
positive or negalive signs. You need lo recognize the signs ol
the components so they agree with their senses.

F
sing = = sin(180 - @) => F, =F.sina

F,

! f’i: g_= T cos(180 — @) = F, = —F.cosa
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Resolution of Forces

Oblique Components (Oblique Forces):

% If non-rectangular components of a force are needed,
several methods are available for determining them.

% The components of the force ( I ) shown as (QA) and
(OB) can be determined graphically by drawing the
parallelogram to any convenient scale. The magnitudes of
the components can be determined algebraically from the
law of sines & cosines [With reference to triangle (ABC)
with sides of { a, b, ¢ ), the sine rule states] which states:

Parallelogram Laws:

| Sine Law: L = b = .. ¢
sind sinB sinC b b
a’=b*+ c¢* — 2b.c cosA %
= =

P b*=a*+ c*—-— 2a.ccosB

- e2=ag’+ - 2a.bcosC
a R R W — .

Example 1

% Resolve the (10000 N) force acling on the pipe, inio
components in the (a) X and Y directions, and (b) X" and Y
directions,
Solution:
Pari (#): note thal the lenpth of the componenis is scaled ulong the X
and Y axes by first constructing lines from the tip of ( F = 1000 N )
parallel 1o the axes in gecordance with the parallelogram law.
F, = 1000 cos40® = Too N
F,=1000 sin#)" = G43IN &
Fart (b): note carefully how the parallelogram is
constructed. Applying the law of sines using dala menlioned
in figure, it will yield:

Fa 1000 sin 50"
|,I:|:| = sin = F,‘,-iﬂﬂﬂ.m—: =884.6 N

F 1000 &in 70°
- -+ F,=1000.—— =1085N

\
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Example 2

< The screw eye is subjected to two forces, F, and F,
determine the magnitude and direction of the resultant force.

Solution:

Parallelogram Law: The parallelogram law of addition is shown in
figure below. The two unknowns are the magnitude of ( Fj; ) and the
angle ( 0).

Trigonometry: from the figure, the vector triangle is constructed.
Fpis determined by using the law of cosines:

Fp = J100% + 150% — 2(100) + (150).cos 115

= /10000 + 22500 — 30000 (- 0.4226) = 212.6 N

The angle ( @) is determined by applying the law of
sines, using the computed value of ( Fjg ):

%- 222 - sino- 211%.(0.9063) . 150N
6 =398
5 direction ( §) of ( Fy ), measured from the - ‘
is: ﬁ 100N
T 0=39.8+15= 54.8° Lo i
oDt bttt W f

PHD O psrkiion ol B orpazbui, Worel Powe i o Fraee dotn o Faied
- HEAR | NERT  CESSY TRAMFITONT  ANMUTIONE  UEETHOW  EWAY  URW  MRTge AIC-PE  FesbeedT

Trot Detion ( NGOC g [ onea Mne
[£langn T AL DTN - [ -

G Ll Bicommorranta- [T AL 1 ATOR A o) e v
famt i Mwgrat Crnarg Fetng

Example 2

% The screw eye 1s subjected to two forces, F, and F,
determine the magmitude and direction of the resultant force.
Solufion.
Parallelogram Law: The parallelogram law of addition is shown in
figure below. The two mknowns are the magnitude of ( F,; ) and the
angle ( &).
| Trigomemelry: fom the figme, the vector triangle is constructed.
Fy is determined by using the law of cosines:

Fy = J100% + 1507 — 2(100) - (150).cos 115
= 10000 + 22500 — 30000 (- 0.4226) = 212.6 N

S—

The angle { @) is determined by applying the law of
sines, using the cowputed value of ( Fy ):

150 212.6 150
im0 smns 0= (09060

8=-39.8
muﬂmti)uﬂf,).mdﬁwm
is:
0=-398+15~- 54.8°

> el
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Example

A force of 20N is acting on a block as shown in fig. Find its resolved
parts along the coordinate axes.

-
\
LSEU;" '__ZF},_
F-x ] F l:q,d 9 FX

-1l L3
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Example
a force of 30N is acting on the particle at an angle of 30 degrees with y
y-axis. Find the resolved parts along x-axis and y-axis. @
o
Sl &
Avgfy ity Y _axiso 9o 1
_— 6&'“ F y
*
b = Flso
— %0 Lu‘}[j-u"
= %o C _\1')
Vo 1SN
r}; = Ylgpto
— %0 1".17')[:-.3”
=2 (y)
t’x =~ \lTny
F}' = FSind
— 205in 't
= o (\3)
pr
I'—\ — Sy N
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Example

A force of 25N is acting on the particle as shown in the fig.

Resolved part of force along x-axis is 15N, Find
(i) The angle that the force makes with x-axis.
(ii) Resolved part of the force along y-axis.

S,
F‘ﬁ:”‘-’\!
- 251y
\h & =7
U ) 1:»:?

Fe = E e
(e = =X
r_

o= s gr)

= U5 [006)
=53
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e
O = Lﬁ‘:.( l'gs;_)
< 45 (0:6)
= £3.)1¢
F = P\}l_-b..- F\f
a; — 15 — .'_\IE
61.5-: L:l'L_T_—-i- Fy
F\fﬂ_— Lll:[]
Fx‘n - 2o M
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Example

A particle of mass Skg is placed on an inclined plane as
shown in the fig. Find the resolved parts of the weight of the
particle in the direction parallel and perpendicular to the

plane.
Si'- .,"" 1'-\1
) " =F Ka \'k&
W tm% Sonu F,{
=5 19)
= San

5";"{}-'" Lo /ﬂ_’\?\'
:ruﬂ
W:Vh% R‘AF
=5(10) X
= JaN

Fx- S
~ IC1°) Stwe’

=50 (ne’

~ So(L)
5

= 1<
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Y RSOW "%'}ih"{, v
= 3([‘) th'}u'

= 5v Sflﬂ']u-

- 'a"a(l_\
3

=1 v

F o F Cnds = mﬂ‘-ﬁ'}-u#
~ So (@)
1N
= 1LS5Jyiw
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Example
A force of 15N and 20N are acting on the point as shown in
the fig. Find the resolved component of the foree of 15N in the

direction of parallel and perpendicular to the force of 20N,

—

‘F“: FCo-s.s}
:_J-rf,gﬁiu
= 5% V3

2
:ZT{-} N

F“: F(a-sg
:_]S-Cp‘.\?.u
= N3
:?Fﬁlw
L = FSid
= 1% Sin ()
=15 ()
= 1.
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Lecture No
07

Action - Reaction

- Newton’s first two laws of motion explain how
the motion of a single object changes.

« Newton’s third law describes something else
that happens when one object exerts a force
on another object. 3

» According to Newton’s third law of motion,
forces always act in equal but opposite pairs.

Action - Reaction

» The forces exerted by two objects on each
other are often called an action-reaction
force pair.

» Either force can be considered the action
force or the reaction force. ’

» Action and reaction force pairs don’t cancel
because they act on different objects.
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Newton’s Third Law

» Newton’s Third Law of Motion states: for
every action, there 1s an equal but opposite
reaction.

This means that when you push on a wall,
the wall pushes back on you with a force
equal in strength to the forte you exerted.

Action - Reaction

You constantly use action-
reaction force pairs as you
move about.

When you jump, you push
down on the ground.

The ground then pushes up
on you. It is this upward
force that pushes you into
the air.
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Action - Reaction

» When the rocket fuel is ignited, a hot gas
1s produced.

» As the gas
molecules eollide
with the mside , __
engine walls, the || SREES = o= LU gl
walls exert a force ||® ' .

' B Engine
that pushes them A compartment
out of the bottom
of the engine.

Action - Reaction

This downward push is the action force.

The reaction force 1s the upward push on
the rocket engine by the gas molecules.

This 1s the thrust that propels the rocket
upward.
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& The force of gravity acts on
all objects all the time.

= [f an object is at rest, the law
of inertia says that the net
force is zero.

# There must be a force
opposite to gravity that
cancels it out.

Sl IS

H o e

& The force that opposes
gravity for objects on the
ground is called the normal
force.

@ |Itis perpendicular (normal)
to the plane of the ground.

= The force is a result of the
law of reaction.

All VU books are available in hard copy and delivered all over Pakistan. Order now!
Website: vubookshoppk.com | WhatsApp: 0326-0775533 51


https://vubookshoppk.com
https://wa.me/923260775533

MTH304

& The normal force pushing up
against gravity can be measured.

= We measure weight with a scale
that measures normal force.

« Weight is a force, not a mass.

# Pounds measure weight, so
farce (not mass) can be
measured in pounds.

pson 2 Slons

& Draw the forces acting on
the block.

+ The force of gravity points
down with magnitude
Fg=mg.

The normal force F,, points
away from the surface of the
inclined plane.

An applied force F,,, holds
the block in place.
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NetFo

& The block stays in place on

Fy = mgcosO the plane.
F_, =mgsinéd No net force along the
surface
sind No net force away from the
mg surface

& Find the components of

mgceosl ~~._ S s
gravity in those directions.

# Find the unknown forces

The diagram is the same
for constant velocity!

& A taut rope has a force
exerted on it.

= |f the rope is lightweight and
flexible the force is uniform
over the entire length.

# This force is called tension
and points along the rope.

& Tension acts on both ends.
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# Tension and normal forces are different.
= A pull on an object — tension
= A push fromi:a surface — normal force

& Either one or both may be present.

Normal force Tension force

& Two weights are hung
supported by strings.
= On the lower block the two
forces balance: Fr;, = myg I

On the upper block there
are three: Fry =myg + Fp

Fr = (my + my)g

& The upper string has more
tension than the lower string. magl

2 forces on the lower block
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Example
Calculate the normal contact force when a book of
mas 3kg is placed on a horizontal table.

Sel
Mz O |<5

\/\/:rha
= 3 (]O)
s 0N
[:N = k&l
= SO
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Example

Two smooth boxes A and B of masses 20kg and 30kg
respectively are placed as shown in the diagram. Find
the magnitude of the forces acting on each box.

Sd
Box 4

er: 18
= 206013) = 2oV
FNP\: \.v\l,l__T D_D'Df\}

Hor®

W\Af 20 |<a
d

"Mp = 2alcg

- Yv\@
=20019) = 2ov iV
FNP\? \.l\[,l__T 1‘313{\)

Ll

Wy

"Mp = 2aleg
\J\J\'g = ge(l\h)
= 3m N
FN& = 3o+ 203
= Sop N
Lecture No
08

VU

[
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Example
Three identical smooth balls each of mass mkg are
labelled as A, B and C and they rest in contact with
each other in a smooth cylinderical container. Write
down, in terms of m and g:
(1) The magnitude of the force exerted on ball A by
ball B
(i1) The magnitude of the force exerted on ball B by
ball C.
(ii1) The magnitude and direction of the resultant force A
exerted by ball A and C on ball B. A

B

60
NAWA

AW,

S~

(N

X2
r.’

€Xerted by ball A and LU on ball 15.

00}7[70

(N Q\:_ W‘%

J
Co

(ry Qq: m(j"l_R]

= W\Ca—rw\fil

= lwmg

M
$OG
o P

\\(l)

/AJ
P

Re Rimvng

= 3

—:W\% a\d( L,_hwa\\,oj\

=
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Example

A box of mass 5 kg is placed on a smooth table. A force of 20N is

acting on the box as shown in the figure. Find the contact force
acting on the box.

M M - Yléa
- (10)
= Sand

Example

A particle of mass 4kg is placed on an inclined plane whose
inclination with the horizontal is 60degrees. The plane is
smooth. Find the contact force acting on the particle.

S._ﬂ_‘ﬂ",-
FN—_ w\cﬂ Crid
= H () L
= ZaN

VU

W:mafrd\l

W% '
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Example

Two particles of mass 2kg each are connected by a light
mextensible string pasing over a smooth fixed pulley, which 1s
attached to a string C as shown in the fig. the particles are at
rest. Find the tension in the string C.

Sel, T
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= L
szmga
:1[10)
= 2giN
YR : 20N
A T\ = Lo WN
& iz — Qg
M~Puﬂkgd g
=
:lﬂﬂm)
= 2NN
YR : 20N
') _\\ - 2o N
A Iz = 2o N

TatC
T T
T T~
A | =2

I’\[g”—lu'\l \/\fe;__ Jon

T¥iR vy
D g

I’\[ﬂ"—lu'\l \/\fe)__ Jon
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Lecture No 09

Concurrent Forces
Two or more forces whose line of action intersect atone point are called concurrent
forces. Such forces always have a resultant Through the point of concurrence.
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Lecture No 10
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Resultant of system of concurrent coplaner forces ) Y E‘l E»j
a_r Fy A,
Ry X TFl}\-f¥2>(—f----- * [y = K X
e _ o F
7’ = Ll\i T Wmlvj_f I_?V — -—-- +FN\]
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K [ e B
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SO\

Example

Two forces each of magnitude 8N act at a point in the direction OA and OB. The angle

between the forces is x. The resultant of the two forces has component SN in the

direction OA. Find % |
(i) the value of x

(i) The magnitude of resultant of the two forces.

& & -
R = &NV —+ % Loty o A

TN = 3w+ somp
Blod p = |

w= L
= B

Bl - |

*= L
e B

Y= ) F°
S (= —
l“l TEa +L|_l |_?/LLD')L

2
N \f ¥ 8 AOEY 528

Cyr)

te K1.F°

R =~ 2~ — -
"R LR w

Cyr)

21
= \/ P8 Aner os2g

= \J B4t 6Y + 1Y ipas
= 1N
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Example
Coplaner forces of magnitudes 15N, 25N and 30N act at a point B on the line ABC in the ~
direction shown in the diagram.

(i) find the magnitude and direction of the resultant force.

(ii)The force of magnitude 15N is now replaced by a force of magnitude FN acting in the
same direction. The new resultant force has zero component in the direction BC. Find the
value of F and also find the magnitude and direction of the new resultant force.

——]

Ky = el a5ts 36 \
= ,l@‘fé 30N

QV = :LSSIH%D_t_ IE_S_I\Y\HpargD

QY = 359n%° 41T Sinlp -3 O
= — 7653

JI L Ry

%—lu.(g)l__{_ (-7 %)
— .GV
=il I
g _ o ( 723{#\

oz (7854 __,—5—)_70 Wil 3A
L h]J[) J
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Example

Three coplaner forces act at a point. The magnitude of the forces are 20N, 25N and 30N and 30 I\r ﬂ'\\‘&
the direction in which forces act are shown in the diagram, where sinA=0.28 and cosA=0.96 .
and sinB=0.6 and cosB=0.8

(i) Show that the resultant of the three forces has a zero-component in the x-direction.

(i) Find the magnitude and direction of the resultant of the three forces.

(iii) The force of magnitude 20N is replaced by ancther force. The effect is that the resultant
force is unchanged in the magnitude but reverse in direction. State the magnitude and the
direction of the replacement force

S
QX: > [y
= S WA 20 (3R
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Lecture No 12

Example
Two forces each of magnitude 1N and 3N act on a particle in the direction
as shown in the diagram. Calculate the resultant force on the particle and / M

the angle between the resultant and 3N force.

g_w_ﬁ,, 5 4y
R = VP9 o e
= \/WH DD

T 3+ ¢ o760

VI 8 ¢ ohg

=V ius9fz

=~ DgLIN
LL;{mOﬂ Al o
S'M - Smgd 3N
| 3182
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Find the magnitude of two forces such that if they act at right angles,their
resultant is ...~ and when the act at an angle of 60 degrees, their resultant is
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Example

Two forces each of magnitude 2N and 4N act on a point on the particle in the

i
(. Uy /i
direction as shown in the diagram. Calculate the angle between the resultant and |
2N force.
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Lecture No 13
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ﬁ%ﬁg—[ight strings are attached to a block of mass 20kg. The block is in equilibrium on a horizontal
Surface AB with its strings taut. The strings make angle of 60 and 30 degrees with the horizontal
on either sides of the block and the tensions in the strings are TN and 75N respectively. Given that
the surface is smooth, find the value of T and the magnitude of the contact force acting on the
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Lecture No 14

Example
A Particle P is in equilibrium on a smooth horizontal table under the action of horizontal forces of
magnitude 6N, 5N, FN and FN acting in the direction shown. Find the value of a and F.
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Example

Four horizontal forces act a point O and are in equilibrium. the magnitude of the forces are FN, G N 15N, and
F N. and the forces act in the direction as shown in the diagram.

(i) Show that F=41.0 correct to 3 significant figures.

(ii) Find the value of G.
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Example

a small block of weight 12 N is at rest on a smooth plane inclined at 40 degrees to the

horizonatal. The block is held in equilibrium by a force of magnitude PN. find the value of P when r ,
(i) the force is parallel to the plane as in fig 1 _‘%
(ii) The force is horizontal to the plane as in Fig 2.

Soll

—

/ pT__ 12§y

S TIOIN

/(\] I = I.A-JIV]V[D*
SVANAR N

Y 1] Sikye

P?_ 12 Sy 00
Gn®
D - SRV

Lecture No 15
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Example \2 N

Three coplaner forces of magnitudes F N, 12N and 15N are in equilibrium acting at a point P l‘:N
in the direction shown in the diagram. find aand F.

o, Dﬁ
N IS Smg - 2
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Example

A and B are fixed points of a vertical wall with A vertically above B. A particle P of mass 0.7 kg is
attached to A by a light inextensible string of length 3m. P is also attached to B by a light
inextensible string of length 2.5m. P is maintained in equilibrium at a distance of 2.4m from the
wall by a horizontal force of magnitude 10N acting at P. Both strings are taut and the 10N force
acts in the plane APB which is perpendicular to the wall. Find the tensions in the strings.
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Lecture No 16
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Lecture No 17
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Example

A particle P of mass 2.1kg is attached to one end of each of two light
inextensible strings. The other ends of the string are attached to points A and B
which are at some horizontal level. P hangs in equilibrium at a point 40m below
the level of A and B, and the strings PA and PB have lengths 50cm and 104cm
respectively as shown in the diagram. Show that the tension in the string PA is
20N, and find the tension in the string PB.
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Lecture No 18

Example
Three coplanarforcesP N, Q N and 12 N are acting on a particle and are in ’9 N
equilibrium as shown in the figure. Find the magniutdes of the forces P and Q.

S_Q:E - 61{\] Iso

=+ Q1" 1508 < 766 2N
D<~" 2ot g
o/~ S ho -2y p PN
= ILDD @{\{ DIUG
o
[N
o/~ 360‘—5;; PN
= ILDb |3’00
AR
SE - & 2 T Ny
1V1|2_U g\-hq &5 S"’"ISUO
G D Ko
S = thlad »1g
5"\'\[2_.0 Sfﬂlf‘uﬂ ) k g " L)—') ———> OTQ.OL% ’\j
1 v

All VU books are available in hard copy and delivered all over Pakistan. Order now!
Website: vubookshoppk.com | WhatsApp: 0326-0775533


https://vubookshoppk.com
https://wa.me/923260775533

MTH304

Example

Three coplanar forces are acting at a point O as shown in the fig. The magniutedes
of the forces are 6N, 8N and 10N respectively. The angle between the 6N force and
the 8N force is 90 degrees. The forces are in equilibrium. Find the other angles
between the forces.
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Lecture No 19

Example

The three concurrent coplanar forces shown in the diagram have
magnitudes 3N, 2N and PN. Given that the three forces are in
equilibrium, find the value of angle x and P.
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The three coplanar forces shown in the diagram are in equilibrium. Find
the values of angle x and force P.
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Lecture No 20

Proof of Lambda mu theorem
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Example
Force:P and Q act at a point and theire resultant is R. If any transversal >
cuts three lines of action in the points A,B,C resp. prove that LQ.
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Example
I'wo concurrent forces are represented by lambdaOA and muOB.Find vecior O where C divides AB so that AC:CB=1:2 and OA=i+)-2k
and OB=i+j+2k.
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MTH304
Lecture No 21
Example
Two concurrent forces are represented by lambdaOA and muOB. Find
vector OA where C divides AB so that AC:CB=3:1 and OB=2i+j-5k e
and OC=4i+2j+k. Also find the resultant of these forces. H 0 l
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Example

Two concurrent forces are represented by lambdaOAand muOB .Find
vector OB where C divides AB so that AC:CB=1:3 and OA=2i+3j+5k (3
and OC=3i+3j+k. Also find the resultant of these forces.
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Example
Two concurrent forces are represented by lambdaOAand muOB.Find the
magnitude of the resultant force where C divides AB so that AC:CB=2:3 and

OA=i+3j+5k and OC=4i-j+k. Also find the resultant of these forces.
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