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Deﬁn (}\Wparaﬂel forces. Explain w1th an example. ~ 09104001

Ans. lel Forces:

If the parallel forces are actmg in the same direction, then they are called like parallel

forces.

Unlike Parallel Forces: |

If the parallel forces are actmg in. the opposﬂe

direction, then they are called like parallel forces.

Example: :

‘Consider three forces F1, F2, and F3 acting on a

rigid body at different points, as shown in Fig. 4.1.

Here, the forces Fi and F» aré like parallel forces
because they act in the same direction. In contrast,

F» and F; are unlike parallel forces because they Qﬂa G, '
~ act in opposite directions. %ﬂ ol 3
Q.2. Defme‘Result %&% antzf/orc‘e is found out by heat-to-

09104002

tail rule with exam

Ans: . resultant force is a single force that has the same effect as the
combined effect of all the forees to be added ]
Head to tail rule:

The head-to-tail rule is a method used to add two or more Vectors, like forces To
apply this rule, place the tail of the second vector at the head of the first vector. If there are
more than two vectors, continue placing the tail of each next vector at the head of the
previous vector. After arranging all the vectors in this way, the resultant vector is drawn;
from the tail of the first vector to the head of the last vector. This: resultant represents the ]
total effect of all the vectors that are added.

»_ Example 4.1

Let us add three -fotce vectors Fy, F, and F; having |
magnitudes of 200 N, 300 N and 250 N acting at
- angles. of 30°,45°60° with x — axg

Fig.) By selecting a su' able sca @
in Fig.(a).

we can draw the force Ve ‘m
To add thes ﬁ apply head-to-tail rule as |:

shown in

=¢ 88 =



Measured length of resultant force is 7.1 cm. according to selected ai:@@@de of the
resultant force F is 710 N and direction is at an angle ﬁ{’ﬁl&\g ' own in Fig.)

WWWOQ
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Q3. What is meant by rlgld body and axis of rotatxon" , | 09104003
Ans: Rigi body: Axis of rotation
© the distance between two pomts of the body y 4

~=mains the same under the action of a force, it is
-zlled a rigid body. A rigid body is the one that has no
Z=formation by apply_ing force.” '
Axis of rotation:
During rotation, all the pamcles of the ngld body
-ouate along fixed circles. The straight line joining the o ' yi
-=ntets of these circles is called the axis of rotation in SR
s case, it is OZ.
0.4.  What is meant by line of action of force

S22 (VL b
and @Obu 09104004 ;
ins: Line of action of fo éu : o

e line along which the fo@e ine of action of the force. i

\ioment Arm: \'\] o

The perpendl distance from the axis of rotation to the line of action of the force is ko
2= the moment arm. A larger moment arm results in a greater turmng effect.
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Q.5. Define moment of force. Prove its mathematica o@@m 09104005
Ans: Moment of Force (Torque): @ @ E |
2 quantity’ known as moment of force or

The turning effect of a force i
torque. Moment of a fi or{ toryt

ined as the product of the force and the moment

"arm. o

- Calcula of Forque:
. The magnitude of torque is given by the formula:

T=F x| S
Where T (tau) is the torque, F is the force, and [ |
is the moment arm. In the case where the line of
action of a force F is perpendicular to r, the
‘moment arm  is equal to r. (Shown in Fig.)

- Zero Torque Condition: S
The torque of a force is zero when the line of action of a force passes through the axis of

rotation, because its moment arm becomes zero. @m : :
- ki 2\ O .a
‘ - t=Fxr5s FYQs O ' | i
Direction of Torque: i

ds to

The torque is positive produce an anticlockwise rotation about the:1

 axis, an(}%ﬁw n if the force tends to produce a clockwise rotation.
- Unit of - : ‘ _ '

The SI unit of torque is newton meter (N'm).-

Handling Non-Perpendicular Forces:

In many cases, the line joining the axis of rotation and peint P where the force F acts, is
not perpendicular to the force F. Therefore, OP will not be the moment arm for F. In such
cases, we have to find a component of force F that is perpendicular to OP=[ (Fig.4.2), or
- we can find r, the component of 1 that is perpendicular to the line of action of force F
(Fig.4.3). To resolve this, we need to know how to find the rectangular components of a
force or any vector, a process known as the resolution of forces. -




Q.6. Define and explain couple. 104006

Ans: Couple: When two equal and oppos1t%>par| iel iW@b@Qem points of

‘he same body, they form a couple.
Explanation: o,

The two forces are e i but opposﬂ:e in dlrectlon Because they are applied
at different poi roduce a turning effect (torque) on the object. -

Fig. 4.3(a)

Examples from Daily Life:
« Opening or closing a water tap
o Turning a key in a lock

« Opening the lid of a jar @@m@

v Turmng the steering \@1

Q.7. Explam th olution of vectors/ forces. How can a force be
resolved into cular/ rectangular components? 09104007

£
RESOLUTION OF FORCE D Yougiil:

+ Definition of Resolution of Vectors.
+ Rectangular Components by

Resolution Method. ‘ - Online Lecture

ins: Resolution of Vectors/ forces:
v the head-to-tail rule, two or more vectors can be added to give a resultant vector. The
-=verse process is also possible: a gzven vector can be dzvzded into two or more parts

ca . e original
-ctor. Dividing a force into its components 6kn 0 @W
Perpendicular/ Rectangular Co : é ‘
Usually, a force is resolve ndlcular components, known as rectangular .
represent the force's effective values in the horizontal (x-

-omponents. W@ :
»xis) and vertical (y-axis) directions.




Process of Resolution: L - @ 3
Let us resolve a force F into its perpend1 1lar com@@ ting on a body a

a beam of light is placed abo

F ontow_ % js shadow the x-component of vector F. _ :
Compo e | " Beam of light

A component of a vector is 1ts effective value in

a given direction. » l l l l l l l l
Determining Components: :
The x and y components can be practlcally n

~ drawn by dropping perpendiculars from the tip B . s

of vector F onto the x and y axes, respectively.
~ The x-component of force F is denoted as Fx and
the y-component as Fy. The magnitudes of the
~ perpendicular components can be found from the F
nght-angled tnangle OAC in Fig. 4. 4b:

X-Component (Fx) ’ “@@ ; | :
In the given AOAC: “ K s O F A
s P e
- cosO T o e Gl
yponenuse ‘ y

0A ‘ : A o
5 cost_ 5 Bt : 1‘
N .

Y

I; =cost
or  Fx=Fcosh ......... U
Fyis called horizontal component. : | o
Y—Component (Fy) ' ' | #

In the given AOAC: 5 \

4

Perpendwular

-Hyponenuse

' ' e
g @ €O
oc s;n . ‘
; i smﬂ _
E is,ch\g&ma component
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: ‘ s e For Your Information! - ‘ a @@‘\3\3‘“ -
Trigonometric Ratios @ (ﬁw Sae |
Trigonometric is a b @c 5
deals with the propertles of mﬂ i Ie. Aright . 1‘;’,
angled triangle he flgure Angle A is g
denoted by Ied the angle of the right angled &
triangle. The side AB s cal|ed the base, thesideBCiscalled | £ e I—B
the perpendicular and the side ACis calledas hypotenuse SRS TR P
The ratio of any two sides is given the names as below i : o o
Perpendicular 2 BC _ SHaD : L FReE ot
Hypotenuse AC : : : 30° R P 3
2 = = s 18 o 7
Biak AB R A 0.5 0.866 0.577
— = cosine® ‘ S by e
Hypotenu;e AC R 450 | 2 FEledBn
Perpendicular BC Banaebt D : = 3‘107 - 0'1707
= = 3 5 ] o
Base AB: | A ey Stk v
For simplicity, sine 6, cosine 6 and tangent 6 are B R
written as sin 0, cos 0 and tan @ respectively. Values of || . : WB .
these ratios for some frequently used angles ven i \@7@0@9© Unlimited
thetablilice it o 0 24 Sk '

T

Q.8. Explain how to d \nflde and dlrectlon of a force from its

perpendicular cor | : . _ 09104008
Ans: The md direction of a force can|  y i
be found if its perpendicular components are known. | L C :
Consider a right-angled triangle OAC (Fig. 4.4b),| B : A
where Fyx and Fy are the perpendicular. components
of the force F. | ' ' Fiop £
Magnitude of the Force: , - : Y
Applying the Pythagorean theorem to the nght- i :
angled triangle: kN 0 . -.
(hyp)’ = (Base)’ + (Prep)’ e e %
(OCY=(0AYHACY o . Fig.44(b)
In terms of the components of force:

v FLFx2+F 2 ' @ @.m
Therefore the magnitude F of the formmfé ‘ég % gg ; }
Direction of the Force: :

The direction 0 S glven by the relationship between its components Fx and
Fy: : ‘ ¢

=4 93-%



T Perpendwular ‘ @ @©m
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Q.9.

S o = tan

ain the principle of moments and explain it with an example

Ans: Principle of Moments:
The principle of moments states that when a body is in balanced position, the sum of
clockwise moments about any point equals the sum of anticlockwise moments about that

point.
Example: -

09104009

Balance a metre rule on a wedge at its center of gravity (CG) such that the meter rule stays
horizontal. Then suspend two weights, wi and w2, on one side of the metre rule at
distances I, and [, from the center of gravity. Place a third weight, w3, on the other side
at a distance [; from the center. The welghts wi and w2 will tend to rotate the metre rule

anticlockwise about the center of gravity (CG).The welght w3 wi

~ clockwise.

) mr&\w

md to rotate it

AHV\W

>

=lw

Dl
W - ACG
ot &

1 W?_

Fig. 4.5

Moment Calculation:

The values of the moments of the weights are:
Moment of wi=w;x [,

Moment of wao= w>x [,

Moment of wi= w3x [3

~ When the metre rule is balanced:

Total anticlockwise moments = Total clockwise a @@m

wi1X [+ wax [h= wsX [3
Q.10. Explain the concept of
: find the center of grav1

Ans: Centre
- appears t
without rotating.

T

-shaped plane lamina.

of an object and describe how to

09104010

entre of gravity is that point where total weight of the body
ng’ If a body is supported at its center of gravity, it remains balanced

Lok
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all partlcles e partlcles

An object is composed of a large number of sm g@s
experiences a gravitational force d1rected s t ince the object
is small compared to the Earth, i al acceleratlon ‘g’ can be
considered uniform for %‘i m

result, each particle experiences the same
force mg, -where ( e particle.

Gravit_ational force acting

. . v
on various particles - A ' Resultant gravitational force

Fig. 4.6(a) : sah Fig. 4.6(b)

This sum of grav1tat10na1 - $ \equal-to' the total welght of the ob_]ect W“ng, where
M=Ym is the t | |
Center of of an Irregular-Shaped Plane Lamina:

For an 1rregular—shaped plane lamina, the
center of gravity can be found by suspending
it freely from different points. Every time -
the lamina is suspended, its center of gravity
lies along the vertical line drawn from the
suspension point, which is located using a
plumb line. The exact position of the center
of gravity is at the point where the two
vertical lines, drawn from different N Fig. 47(b)
suspension points, intersect. The center of

Points of

suspension

; e ; Irregular shaped @Rﬁ\!amlna
gravity can exist either inside or outside the 9 pee B

\ IR :
body. For instance, the center of gravity ofa ¢ @Wﬁ @UU
Q.11. Explam the con of th @ does it relate to the center of
gravity? O“@ 09104011
Ans: Center f B |

mass of a boaﬁz is that point where the whole mass of the body is

Jssumed to be concenfrated

95}
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Relaﬁon with Center of Gravity: ; T |
" On the surface of the Earth where v1t@j10 | -accele %@@@aﬂy uniform, the »
' e s the point at which all the

center of mass coincides W,
of mass) is also the point where the total

mass is assumed to be co
gravitational

| e |
Centre of gravity (CG)

| F|g48 @@@Ki@

. : ‘ o)
Q.12. What is equilibrium? Expla @% le examples. 09104012

Ans: Equilibrium: - Q
We know that if a r t on a body such that thelr resultant is zero, the body

remains at ntinues to move with uniform velocity if already in motion. This state

of the body is known as equilibrium. It can be stated as: .
"A body is said to be in equilibrium if it has no acceleration."

Types of Equilibrium: hna : ; F_
Equilibrium is of two types: ’ 5
‘1. Static Equilibrium:
A body at rest is in static equ1hbnum In this state,
the sum of all the forces acting on the body is
- Z€ro.

- Example:
A book lying on a table is an example of static}

equilibrium. Only two forces act on it:

Weight (W=mg) acting downward. :

Normal force (Fa) acting upwa:%&

Since the book is at 1€
ity

an electric bulb harging from the ceiling, a2 man holdmg a box,

 FaW=0_ ‘ ?
Other exw
and a beam held horizontally against a wall with the help of a rope.

-
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NamHowr
L Dynamic Equilibrium |

A body moving W1th umf vel W
equilibrium. In this ¢ ody balance
each other, and there 1

Examp

A paratrooper descending with a uniform velocity after the
parachute opens. In this state, the downward force of gravity
acting on the paratrooper is balanced by the upward air
re31stance

v Fgrawty = Fair resistance.

Q.13. What are the conditions of equilibrium? Explain the first and second
conditions with mathematical expressions and examples 09104013
Ans: Conditions of Equilibrium: ‘

relates to translational motion, and the second condrtlon relat tion.

First Condition of Equilibrium:
According to Newton's second law of{ ‘
[fa body is in translationa% _ a—O therefore the net force F acting on the

body must also be
Mathematieg] ession:

For a body to be in equilibrium, two main conditions must be satrsﬁed the fiést condition

Statement: :
‘A body is said to be in translational equilibrium only if the vector sum of all the external
‘orces acting on it is equal to zero."

Resolvmg Forces into Components: , -

n the case of coplanar forces (Fi, F 2, F3 voete) thlS condmon can be broken into ,

. ctangular components:F;, F,, F5

Along the x-axis: : :

FixtFoxtFaxte =0 Or 2Fx=0

UOng the y-axis: :
FiytFoytFspt=0  Or 2F y—O

"'he sum of all the components of forces 6lon a2 iﬁj Q Zero, and the sum of
zll the components of forces along th ‘ ould alse e ero." In other words we can
s;}' that sum of all the forc%@ ody 1s equal to zero. ie. L F=0

T:is conditi plies to rotational equlllbrlum Wthh means that the body should not
rotate under the action of the forces

=4 97 p=



Statement: | ‘ : »
"The vector sum of all the torques acting %9 a bad "“4 '
Mathematical Expressm&l) % u

=

WS

(@) ~ Fig.4.9 - (b)

Explanation:
Consider the example of a rigid body 'in, (Fig.4,3). Two forces F1 and F2 of equal 4
magnitude are acting on it. In case (a), both the forces act along the same line of action. In
case (b), the lines of action of the two forces are dlfferent Since magm@of Frand F2
are equal, so the resultant force is zero i both 2 condition of

equilibrium is satisfied. But you ,, e e forces are forming a
couple which can apply @ out pomt O. Therefore, for a body to

be completely in e d condition is also required. That is, no net torque
should be S ‘
Complete I qullibrlum :

For a body to be in complete equlhbnum both conditions must be satisfied:

1. ZF=0 - '

2. ZFy=0

3. Zt=0 :
Q.14. Explain the steps involved in solving problems by applying condmons of
equlllbnum S : 09104014 ‘t
Ans: To solve problems by applying conditions of equilibrium, the following steps will
help ; ‘
1. Select the Objects: First of all, select the Ob]eCtS to which ZFx=0 and ZFy=0 is*to

" be apphed Each obJect should ‘be treated separately '

Only the forces actmg on
“objects exert on ¢h

3. Choose a Setq0 :
B pw&ﬂy along the x-axis or -y-ax1s. It will minimize the number of
~ forces to be resolved into components. ey e o .

£ 98)=




4. Resolve Forces into Components: Resolve all the forcesgiic@@@arallem

5. Apply Equilibrium E uations? ; & to get two equations.

6. Apply Torque Eq »—If needed, apply ¥1=0 to get another
equation. @

T Solve ons: The equations can be solved smlultaneously to find out the

desired unknown quantities.

Q.15. Describe the three states of equilibrium with detailed explanations and
examples of each state. . 09104015

Ans: States of Equilibrium:

An ob]ect is balanced when its center of mass and its point of support lie on the same
vertical line. When forces on each side are balanced, the object is said to be in equilibrium.
There are three states of equilibrium related to the stability of balanced bodies.

1. Stable Equilibrium:

A body is said to be in a state of stable equilibrium if; after a sllght tilt, it comes back to its -
original position.

Explanation:

Stable equilibrium occurs ES n th ﬂotaﬂon (t11t) of the object
osYuo‘n

compel the body back towa

Example: W 52
The cone sho igure 4.10 (a) is in a state of stable equilibrium. Its we1ght w, acting

downward at the center of gravity G, and the reaction of the floor Fu, acting upward, lie on
the same vertical line. Since these forces are equal and in opposite directions, they balance
each other, satlsfymg both conditions of equilibrium.

When the cone is pushed slightly Figure 4.10(b), its center of gravity is ralsed but remains
above the base. The weight w and the normal force Fa act like two unlike parallel forces,
producing a clockwise torque that returns the cone to its original position.

\J ~
Key Point: My remains in equilibrium as long as its center of mass lies within the

base.
¢ 99 =



2. Unstable Equilibrium:

A body is in a state of unstable equrhb ao@g% to moves further‘
away from its original position.

Explanation: - Q E
In unstable equilibri A ody is shghtly disturbed, its center of mass no longer 3
remains a e, and the body topples over. The center of gravity lowers and '

continues to fall further preventmg the body from returnmg to its ongmal pOSIthl’l
Example ;

: Balancmg a cone on its tip (Figure 4. 11) is an
example of unstable equlhbrlum ‘The weight w and |
the normal force F, lie along the same line
momentarily. However, even a slight tilt shifts the
center of gravity outside the base, creatmg an
anticlockwise torque that causes the cone to fall.

3. Neutral Equilibrium:

A body is in neutral equilibrium if it comes to rest in 1ts new posmon disturbances
without any change 1n 1ts center mass. @ @ -

~ Explanation: ‘ Q ,
In neutral equilibrium, ti&_t)i g 0 &es not create any torque to return it
to its original position oﬂ% away. The center of mass remains at the same
height. | o — ' g
Example:

A cylinder resting on a horizontal surface (Figure
4.12) demonstrates neutral equﬂibrium. When the
cylinder is rotated, the height of its center of mass |
remains unchanged, and the weight w and the
ground’s reaction force remain in the same vertical
~ line. Other examples of neutral equilibrium are a ball
rolling on a horizontal surface or a cone resting on its , e . S
curved surface. (Figure 4.11). A e Fig. 4.12
Q.16. How stability of an object can improved? Give a few examples to support your
answer. | : ,
Ans: Improvement of Stablllty & O@@ © 09104016
Stability is an essential concept in e tion of the center of gravity
plays a crucial role in det ower center of gravity are generally
more stable, while those er of grav1ty are prone to instability. :
Importance of W e
The positio enter of gravity significantly affects an object's stability. A low center
- of gravity ensures that the object remains in stable equilibrium. For example, a low

100:




~armchair is more stable than a high chair because of i @f grav:ty If
disturbed slightly, the torque acting on tles M its ongmal posmon
Methods to Improve Stability: 2

1. Lowering the .‘m |
Placin 1or/obje lower point w1th1n a system lowers the center o

vgn ancing stablhty
2. Widening the Base:
| Increasing the base area provides better support and reduces the chances of tlppmg
~over, thereby improving stability.
Stability in Vehicles:
The stability of vehicles, such as buses, depends on how they are loaded:
o Stable Loading:
‘ When heavy loads are placed on the floor of the bus, its center of gravity remains
low. In this condition, if the bus is disturbed slightly, a torque will bring it back to
its original position. Therefore, the bus is in stable equilibrium.

‘e Unstable Loading: _
If heavy loads, like steel sheets, are placed o % the center of

grav1ty is raised. This makes, the_bus able equlllbnum A shght-

Shrps and bo siftilar stabrlrty principles. If heavy cargo is loaded at a lower
level, the er of gravity remains low, improving stability. Conversely, placrng heavy
loads higher raises the center of gravity, makmg the vessel unstable and more likely to tip
‘OVer.

Q.17. How i is the concept of stablhty applied in real-life engmeermg, particularly in
racing cars and balancmg toys. : : 09104017
Ans: Stability in Racing Cars ' | L .

The concept of stability is widely applied to. engineering technology, especially in |
manufacturing racing cars. As racing cars are driven at very high speeds and also have
sharp turns in the track, the chances of the cars toppling over increase. To enhance the
stability of racing cars, their centres of mass are kept as low as pos'sible. Their base areas
are also increased by keeping the wheels outsrde of their main bOdleS

Stability in Balancing Toys a

Balancing toys are also very intere ng(ﬁo ders. The physics behmd
these toys is that stabrh is-built ir \\ are asically in a completely stable
state, and their centres : remain below the pivot point. If the toys are
disturbed in i fm € centre of gravity is raised, and it becomeés unstable for a
moment. m it comes back to its initial stable position by lowering its centre of
gravity. The kids learn from these toys about stable systems and how they return to their

= %101%



state of initial rest position after being disturbed.

principles of balancing toys have also bgn ﬂﬂ({p\w

Wa%d on the
wn in the figure.

(b) (c)
Q.18. How do torque and force relate in rotational and translational motion, and
how does the application of torque affect a rotating object? 09104018

Ans. Counterparts of Translational and Rotational Motion ,
Counterparts of velocity, acceleration, force, and momentum in translational motion are
angular velocity, angular acceleration, moment of force (torque), and angular momentum
_respectively in rotational motion. It suggests that the_t ame role in
rotational motion that is played by the f@ce 1 ?5{%3&
Effect of Torque on Rot ng Obj
Therefore, we are Justl analogous to Newton's ﬁrst law of motion, a
rotating ob]ect 0'so with constant angular velocity unless acted upon by a
resultant torque) However, if a resultant torque is apphed to a rotating object, it
will accelerate dependlng on the direction of the torque relative to the axis of rotation.
This fundamental principle enhances our understanding of how objects move and interact
with their environment whether in linear or rotational motion scenarios. |
Q.19. Define and explain circular motion and force perpendicular to the circular

motion. 09104019 ¥
Ans: Velocity in Circular Motion : ' '

When a body is moving along a circular path, its velocity at any
point is directed along the tangent drawn at that point. Figure 4.13
shows that the direction of the tangent at each point on a circle is
different, therefore, the velocity of an object moving with uniform
'speed In a circle is changlng constantly ‘
Role of Force: O (T Fig. 4.9

A force perpendicular to the dlrec requlred to keep the object
moving with uniform sp or 1nstance if it is not perpendicular to the
velocity, the forc % a component in the direction of velocity, which will
change th f of velocity: As the body moves with constant speed, this is poss1ble
only if the component of force along the velocity direction is zero, i.e., F cos 90° = 0.

Lanin
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Q.20. Define centripetal force. Write down its mathematl @@ Explﬁ_i’n
real-life examples of centripetal force. :
a

Ans: Centripetal Force “
We have studied above that '3 circular path with uniform speed only

if a force perpendi is acting constantly on it. This force is always
directed toward; re of the mrcle It is called centripetal force and can be defined as:
“The force that causes an object to move in a circle at constant speed is called the
centripetal force.” : ‘ |

Formula for Centnpetal Force

For-an object of mass (m) moving with uniform speed v in a circle of radius T, the
magnitude of centripetal force F. , acting on it can be calculated by using the relation:

09104020

Sources of Centripetal Force (Real Life Examples):

We have learned that centripetal force has to be supplied if the body is to be maintained in

s circular path. What could be the'sources of centripetal force?

(i) Tension in a String: If we tic a stone to one end |
>f a string and whirl it from the other end, we will have

5 exert a force on the stone through the string. If we

-zlease the string when it is at any point P, the stone will
Ty off along the tangent (PQ) to the circle. Then, it will

move along the same stralght line with consta veloc
mnless an unbalanced force acts u

z=nsion in the string wa

‘\\E‘.ﬂ the

necessary centripetal foree\ f along the circular
sath. When W@&iosmng, we stop applying force
»n the stone and hence it moves in a straight line.

Fig.4.14

%103%»




(i)  Gravitational Force (Example of the
: Moon) Now consider the case of th%

uied

orbit. “the case of satellites
orbiting the Earth in circular paths with
uniform speed. The gravitational pull of the
Earth provides the centripetal force.

(iii)  Friction in a Washing Machine: One of the real-life examples is a washi
machine dryer. A dryer is a metallic cylindrical drum with many small holes in its w
Wet clothes are put in it. When the cylinder rotates rapidly, friction between clothes ar
drum walls provides the necessary centripetal force. As the water molecules are free 1
' move, they cannot get the required centripetal force to move in circular paths and esc
‘from the drum through the holes. This results in quick drying of clothes. _

‘(iv)  Centripetal Force in a Cream Separator: Another interesting exampleis,that '
a cream separator. In a cream separator, milk is whirled rapidly. The lighter particles ¢
cream experience less centripetal force and gather in the central part of the machine.
heavier particles of milk need greater centripetal force to keep their circular motion
circles of small radius r. In this way, they move away towards the walls.

ekl
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Example 4.1 09104021

Let us add three force vectorsF: aving magnitudes of 200 N, 300 N and 250 N
acting at angles of 30°, 4& = axis. By selecting a suitable scale 100N =
1 cm, we can dr, ectors as shown in Fig.(a). -

To add these ors, we apply head-to-tail rule as sown in F ig.(b).

Measured length of resultant force is 7.1 cm. according to selected scale, magnitude of the
°=sultant force Fi 1S 710 N and direction i is at an angle 430 w1th X —-axis.

Example 4.2 - - 09104022
A spanner 25 ¢m long is used to open a nut If a force of 400 N is apphed at the end of
i spanner shown in Fig., what is the torque acting on the nut?

Solution: |
_ength of Spanner £ =25cm = 0.25m
force =F = 400 N

Torque = - ¢=92

From Egq. T=Fx¥
“utting the values, <
T=400N x025m= lOONm

Lxamples 4.3

09104023

A force of 160 N is actmg angle of 60° with the horizontal
direction. Determme S X and y components
w}lutlon

Wagnitude of force F= 160 N

4105 '



Angle

, s o% % ' ‘ ; ' | 4
X-component 1S give i

: ! e » ZAtY Fsin®

Puttin&ﬁmjlysj - Fx=160Nx05=80N : - o

y-component is given by Eq. : S 3

' Fy =Fsin® .

Putting the values, F, = 160 N X 0.866 = 138.6N . L o Fcost

60°

Example 4.4 | : : E 09104024

A metre stick is pinned at its one end O on a table so that it can rotate -—»,7
One force of magnitude 18 N is applied perpendicular to the length of the stick at i
free end. Another force of magnitude 60N is acting at an angle of 30° with the stick :
shown in the figure (a). At what distance from the end of stick that is pinned shoul
the second force act such that the stick does not rotate? Ki \S\S :

N i i—
L Fy
H__
O'ﬁi{j@‘\\i\‘ i . e Oy Id TS 430:3 .,
. g 0 Ve e f I <——-—d’=1.0_m——>¢ F
4 ; ; v 2 ; '- :
(@) 18N | N
Solution: '

‘Weight of the stick does not affect in the horizontal plane. Resolving force F
magnitude = 60 N into rectangular components that act at distance d from point O:
‘ , F, = 60N x cos30° = 60N x 0.866 = 51.96 N
F, = 60N xsin30°=60Nx05=30N

As the component F, passes through the axis of rotation, its torque is zero. Torque T,

30 N is positive and t, of 18 N force is negative. The sti il@@m when these
e : o

- torques balance each others, i.e.(%, = @@g xd :

. m 18NX1m
d=A@WSNX f).&. | |

£106=




£xamples 4.5

: ! A ml“‘l“&a
y picture is suspended by means of two vertical .gtrin as showy g@@ veight of

the picture is 5 N, and it is acting at its\ce gri
| rwo strings. ' %“m :

solution:

O
Total upward foM

Total downward force =w =5N
Tensions in the strings, T; =?,and T, =?

Since, there is no horizontal force, so 2. F, =0

yready 2k =0
“utting ZEv o
[+T el i)

spply>t=0, selecting point B. as point of
-tation. Here, torquet,of T is negative whereas

rque T,0f W is positive about B. T, produces zero

worque as it passes through the point of retati .
R R T
or w X AW@ b .

-utting the val 0.2m—-T; X 04m =0

or 5Nx02m—-T; x04m=0
S5Nx02m

or T =
: 04m

=25N

-
.
>
[
Lt

20cm -

k
v
/

W@O@@m

sutting the value of T,and w in Eq.(i) , we have
" 25N+ T,—-5N=0

Ot T, =25N

Exercise]

(A) Multiple Choice Ques;:ions

I. A particle is simultaneously acted
upon by two forces of 4 and 3
newtons. The net force on the
particle is: '

i

2. A force F is making an ahgle of 60°

‘with x-axis, 5c@@@‘h}- is equal
i @@ o PPSTY L S

(@ 1N ~~""(b) F sin60°
(b) between 1 (c) F cos60°
(c)5N (d) F tan60°
(7N -

41073




- A shopkeeper sells his articles by a

3. Moment of force is called:

\ 09104028
(a) moment arm (b) @

(c)couplearm O
ng on a

. IfFy and F2 a
' bodg@iﬁﬁgm torque produced in
it, the’ body will be completely in

equilibrium, when: 09104029
(@) 2F=0andXt=0
(b) 2F=0andY t=0
(c) XF#0andYt=0
()ZF#0andXt#0

balance having unequal arms of the
pans. If he puts the welghts in the
pan having shorter arm, then the
customer: 09104030

(a) loses

(b) gains
(d) not certai
. A m n a tight rope. He

balances 'himself by holding a

‘4Ho%
Pl€ ntums

th1rd law of motion .

n stable equilibrium the centre of
gravity of the body lies: 09104032

(a) atthe highest position

(b) at the lowest position

(¢) at any position

(d) outside the body

8. The centre of mass of a body:

09104033
~ (a) lies always inside the body

(b) lies always outside the body
(c) lies always on the surface of the
body

(d) mayi lie within, outsu:le or on the

surface
1ts

(b) unstable equilibrium

(c) neutral equilibrium

(d) none of these three

10. Centripetal force is given by:

‘ 09104035
bamboo stick horizontally, It is an (a)rF (b) rFcos6
application of: 09104031 . L vt
(a) law of conservation of momentum (©) -‘(d) e
(b) Newton’s second law of motion

Answer Key
(b) (b) 3 d (a) S. (a)
6 (© if (b) 8 d

equal di
one child. moves closer to the
fulcrum: 109104036

%(&@é)

=108

(a) 10. - | (o)

©

gesaw remains balanced.
The seesaw tips towards the child
who moved closer.

(c) The seesaw tips towards the child
who stayed further away.
(d) The seesaw topples.

M ol Lokl i

circular

9. A cylinde rw@ :
: ‘ ha ?ﬂ o) 09104034
0 s @@“
(c) neither loses nor%ﬁ :

dasate Jid o




: - Atlghtrope '- C@ ‘

). When line of action of the applied @ , y RC0n8 8. Tope.
force passes through 1t “ At

then momnet of force a if the pole is: 09104042
body is: M ~ (a) long and placed vertically v
(a) max1m (b) long and placed horizontally
(b) minimum : : (¢) short and placed vertically

(c) zero : : ey : (d) short and placed horizontally

(d) infinite | B C entre of Mass

3. If .a body is at{rest or moYing with | o You throw a weighted fishing net
uniform  rotational velocity, then into a calm lake. As the net sinks, it

torque acting on the body will be: opens fully underwater, spreading

| 09104038 5
(a) maximum (b) it itk . out its m?sh evenly. Compared to th.e
(c) zero (d) infinite moment it left your hand, where is
: ~ the net’s center of mass now?
. You are trymg to loosen a nut using 43
a spanner, but it is not working. In (a) Hi rsa @@m '
order to open the nut, you need te: @ water column.
2 : T e s t g same depth but slightly
(a) insert a pipe to increas ‘ shifted horizontally.
P Rk : (d) Unchanged from its posmon when
(b) use a spagnerof small length oy ‘
(c) use plastic and soft spanner - e
g S Friction
(d) tie a rope with spanner - :
9. It is more difficult to walk on a

I quilibriums slippery surface than on a

A body in equilibrium must not | nonsllppery one because of:
have: - 09104040 09104044
(a) speed (a) reduced friction

(b) quantity of motion (b) increased friction

(c) velocity | (c) high grip |
(d) acceleration (d) lower weight

A uniformly rotating fan is said to be

Terminal Velocity

in: 09104041, 10, For an “i O o Wit
a) static equlhbnum only : ' acceleration: 09104045

b) dynamic equilibrium on K mreases with time ;
'c) both in statlc and % (b) decrease with time . ‘

=quilibriu (c) is zero
d) not in eqtii 1br1um (d) first increase then decreases

¢

$109p==




11. The correct order of comparison for

the terminal speeds of a ram%o@

snowﬂake, and halls one is:

1Istone

(a) Raindrop> i
(b) w@@j op > Showflake
(c) Snowflake > Raindrop > Hailstone

(d) Raindrop = Snowflake = Hailstone
The force that always changes

direction of velocity and .not its
mdgnitude is called:

- (a) gravitational force
(b) electrical force
(c)centripetal force
(d) friction

12.

09104047

14. A car drives at steady speed aro

a perfectly circular track: :
' 09104049

- (a) The car’s acceleration is zero.
(b) The net force on the car is zero. ]
(c) Both the acceleration and net for 3
- on the car point outward. : 4
(d) Both the acceleration and net for
on the car point inward.
A satellite of mass ‘m’ is revolving
around the earth with an orbita

15.

i speed ‘v’. If mass e satellite s
13. The reason that a car moving on a double s@ speed
horizontal road gets thrown ou(t) of @ ‘I 09104050
the road while takm a turpg x 3) dofible
: O ‘ ‘ (b) half
(a) the reactio %_”. ingd ;
(b) rolling between tyre and e
‘ : o (d) remain the same
rqad Th e
1. (b) e L 4 (a) 5, (d)
6. (b) A (b) . (a) - 10. (c),k_
11. | (a) 12. () 14, (d) 15 (d)
(B) Short Questions
4.1  Define like and unlike parallel Example: Two people pushlng a car in the
forces. s 09104051 same direction. ’
Like Parallel Forces: Unlik

Ans:

If the parallel forces are acting) X@Wllel forces are acting ir
the same direction, then-the X}:& opposite direction, then they are called
like parallel forces 6%“ ike | like parallel forces. The resultant of unliks
parallel forc ¢ sum of the | parallel forces is the difference between

magmtud I'the forces and acts in the | the magnitudes of the forces and acts i
same direction as the individual forces. the direction of the larger force. .

4110




| -

Example: Two people pushing a table
from opposite sides with unequal forces.
4.2 What

Ans: Thec of a force which -
are mutually perpendicular to each other
are called rectangular components.

(i)  Horizontal components Fx=Fcosf
(ii)  Vertical component Fy=Fsinf

4.3  What is the line of action of a
force? ' 09104053

Ans: The line along which the force acts

is called the line of action of the force. It
represents the direction and path of the
force and passes through the point of
application of the force.

44  Define moment 0fyba force. Pro
that T=rFsin0, where 0 is a

rand F.

Ans: Mome © | .
The pe icular distance from

the axis of rotation to the line of action of
the force is known as the moment .arm. A
larger moment arm results in a greater
urning effect.
Proof t=rFsin0 :
Torque is the cross product of the force
:nd the perpendicular distance from the
xxis of rotation to the: lme of action of the
force:

r=FXd_

The perpendicular distance from the axis
0 the line of action of the force is

==rsinf.Thus, the torque is: k
FF-d=F-(rsinﬁ)
This sh that the moment of a

ecta K
components of a vectﬁT‘i 3@ :ib
values?

"\

D

>

ce depends on the magnitude of the -

—
|

4111 %

e

- force a
ce/any torque n 1t
‘ re of gravity:

W

force, the d angle

e

¢ the state of equlhbrlum

in each case in the figure given below.
09104055

b) (©

(a)
Ans: i
a) Stable cqﬁilibrium
b) Unstable equilibrium
c) Neutral equilibrium

4.6  Give an example of the body
which is moving yet in

ilibrium.
> ‘ @o@’i‘nl@m WIt.h
“ clo

S

1'l is in equilibrium because
eight in downward direction is equal
to the force of air friction of air in upward

direction. Paratrooper is moving with

uniform velocity, so the paratrooper is in
equilibrium.
(i) A car moving w1th uniform
velocity on levelled road is the example of
equilibrium. ‘
4.7  Define center of mass and center
of gravity of a body.
Ans: Center of Mass:
“The center of mass of a body 1s
that point where the Whole mass of the
body is assumed ted”
t in the body

09104057

“Centre of gravity is that poiht
where total weight of the body appears to
be acting vertically down ward” If a body




is supported at its center of gravity, it
remains balanced without rotating.
4.8  What are two basic pri
stability physics whieh \are
designing balanci 5
cars? 5
Ans: The two basic principles are of
stability are given below. :

1.  Lowering the Center of Gravity:
Placing heavier objects at a lower point
within a system lowers the center of
gravity, enhancing stability. -

2.  Widening the Base:

Increasing the base area provides better
support and reduces the chances of tipping
over, thereby improving stability.
Examples:

racing
09104058

a
(@]

low center of gravity to ensure they return
to their upright position when tilted. This
makes them stable and resistant to falling

QVer. . |
49 How can you prove that the
centripetal = force always actst_!l
perpendicular to velocity? oo104050 |
Ans: Centripetal force always act.é
perpendicular to the velocity in unifo n
circular motion because the velocity is
tangent to the circle, while the centripeta
force is directed toward the center. This
force changes the

direction. of the velocity,

keepin jcular motion,
m its speed. Therefore,
X petal’ force is perpendicular to. the

velocity vector at all times.

Racing Cars: To enhanceith
- stability of racing ¢ their %‘x £)
mass are kept as 10@@@ Their

-

Turning Effect of Forces}
4.1 How does the moment of force

apply to the working of a bottle opener?
: 09104060

Ans: The moment of force is applicable
in the working of a bottle opener. A small
force applied at a longer moment arm
produces more torque, making it easier to
~open a bottle.

42 Why are smaller diameter
steering wheels used in vehicles with

power steering? 0910

; 4061
Ans: Smaller diameter. steerin SOX
are used because‘them I
i W

eel. With
ss force is needed and a

and easier tu
power s

LLO based Additional Short Questions

rotation required to turn the wheels
making steering more responsive and
effortless.

BPrinciple of moments

43  How does a tight rope walker
- balance himself? 09104062 A
Ans: A tight rope walker balan
himself by holding a bamboo stick which
helps distribute his weight evenly ane

lowers his m This is dong

nciple of moments t@
intain stability. :

4.4  Why do tightrope walkers carry
a long, narrow rod?
Ans: As we know lower the centre of

0

T

P

09104063

smaller diameter reduces the amount of

gravity greater will be stability in order f¢

41129




lower the center of gravity acrobats hold a

long rod in their hands to that the acrobats
may remain in stable equilibrium
¢ Rati

45  What metry and
trigonometrie 09104064 |
Ans: Trigonometry is a branch of

mathematics that deals with the properties
of a right-angled triangle.  The
trigonometric ratios are the relationships
between the sides of a right-angled
triangle. '
Sine 6 = Perpendicular / Hypotenuse
Cosine 8 = Base / Hypotenuse

Tangent 0 = Perpendicular / Base

Application of stability in real life
4.6
car enhanced?

Ans: The stability of a
enhanced by keeping its\ce
low as possi s?ng its base area
by positioning the wheels outside of its
main body:. |

4.7  Why door knobs are fixed at the
edge of door? What will happen if the

door knob is at the middle of the door?
09104066

Ans. From the relation of torque:

‘ T=rxF=>tocr :
When force is constant, the torque is
directly proportional to moment arm. So,
greater the moment arm, greater will be
the torque and vice versa. That’s why

knobs (handles) are fixed

door to increase the mo 1%
way even a fs “sufficient to
produce the required torque, which helps

m the opening or closing of the door.

e

4 113% 7

le of the

tm will become half
need a double force to
open/close the door as compared to the
edge knob.
4.8  The gravitational force acting on
‘a satellite is always directed towards the
centre of the earth. Does this force exert

If the door

wil

torque on satellite? 09104067

Ans. We know that, 7 = rF sin8

When a satellite of mass “m” is moving
around the earth in a circular orbit of
radius “r”, then the gravitational force is
acting toward the centre of earth, so “F,”

[T T)

is -antiparallel to moment arm “r”, so we
put 8 = 180° in equation get,
' C@ =>1t=0

1tgtional force acting on a
e does not exert any torque on it.
Equilibrium
4.9  Can we have situations in which
an object is not in equilibrium, even
though the net force on it is'zero? Give
two examples. | 09104068

Ans. For complete equilibrium, the
following two conditions must be satisfied.
ie.

(i) XF=0and(ii)Xt=0

Now > F=0and >t=0, then the body
will rotate and will not be in state of
complete equilibrium. We can have
situations in which an $ not in

B@@ 31net force on

equilibri
o e
Kx e (i): When a steering wheel of a

car is rotated with two equal and opposite
forces, then it will not be in state of
equilibrium. Here the net force is zero but




the net torque is not zero and hence the
wheel is not in state of equilibrium.
Example(u) When the pedal

C

b1cycle are rotated, the @
0

4.1 .A car travels at the same speed
around two curves with different radii.
For which radius the car experiences

- more centripetal force? Prove your
answer. 09104069

Ans: If the car travels at the same speed ]
~on two curves, the curve with the smaller
radius requires a larger centripetal force to
keep the car on the path.

- The centripetal force F. required to keep

- an object moving in a circular path 1S
glven by the formula:

m vz
From the DW‘MS% that

centripe 1S inversely
proportional to the radius (r) of the curve.
That is, as the radius decreases, the
centripetal force increases, assuming the
mass and speed are constant. Therefore,
for the same speed, the car will require a
~ larger centripetal force when traveling
around a curve with a smaller radius.

4.2 A ripe mango does not normally
fall from the tree. But when the branch
of the tree is shaken, the mango falls

down easily. Can you tell the reason?
09104070

Ans: A ripe’ mango does not 'm@l

and the tre

inward forge’that keeps the mango secure.
However when the branch is shaken, it

nstructed Response Questlons

s

rises, but &
@Q%g @ lowers in. -
x& lustrates how the center of

and

creates  vibrations external
disturbances,  which the
connection between the mango and the
tree. The shaking reduces the force holdinglj
the mango in place, allowing gravity to
pull it down more easily. Thus, the
external force from shaking the branch:
causes the mango to detach and fall. 3
43  Discuss the concepts of stability

and center of gravi relation to
objects . to 'a Provide an
q > an object‘s Center of

affects its stability, and explain
how altering 1ts base of support can
influence stability. 09104071 :
Ans: The stability of an object depends
on its center of gravity (CG) and base of
‘support. An object is stable if its CG is
positioned above its base of support. A
lower CG increases stability, making the
object less likely to topple. For example,
balancing toys, such as those that re

weaken

disturbed, have their CG positioned belo
the pivot point. When disturbed, the to 4
momentarily becomes unstable as the CG
to its stable
-again. - Thi

Similarly, increasing the base of support
can improve stability, as seen in objects

4§ 114)=




with a wide base, making them less likely

to topple. :
44  Why an accelerated body ca%&m
be considered in equilibrO
2
Ans: An boody cannot be

considered in equilibrium because, in
equilibrium, the net force acting on an
object must be zero. Equilibrium occurs
when all the forces acting on an object
balance out, resulting in no change in its
state of motion. However, if -a body is
experiencing acceleration, it means there is
a net force acting on it. Therefore, a body,
undergoing acceleration i is not in a state of
equilibrium.

45 Two boxes of the same. weight

floor of a tr IW makes a
o is more likely to
L hy? 09104073

4.1  Explain th oments
with an ex 09104074 -
Ans: See question No 9

42  Describe how could you

determine the centre of gravity of an

u'regular shaped lamina experimentally.
; 09104075

Ans:’

but different helghts are lymg on th& W
(b K«%uesuons

~ Ans:

See question No 10

11 A force of 200 N is acting on a
cart at an angle of 30° with the
horizontal direction. Find the x and r

components of the force 09104078

@\mw

Solution:
Given data:
F=200N

9 =30°
Toﬁnd WW

gy

41153

nnnnn

Ans: The taller box is more likely to
tumble over when the truck makes a
sudden stop because its center of gravity
is higher, making it less stable. When the
truck stops abruptly, inertia causes the
boxes to resist the change in motion. The
taller box, with a higher center of gravity, |
is more likely to tip over as its center of -
gravity can easily move outside its base of
‘support In contrast, the shorter box has a-
lower center of gravity, providing more
stability and reducing the risk of it

topphng
Aol

State and explain two conditions
of equlhbrmm.

See question No 13
44  How the stability of an object can
be improved? Give a few examples to

_support your answer. 09104077
Ans: See question No 17

09104076

(E) Numerical Problems

E=7

y

‘ - E.=Fcosb -

So, | F =200 cos?;é@m'
32N

b= F sin®

F,— 200  sin30°
F,=200 x 0.5

and




Fy# 100 N
Result:

perpendi knob of a door to
open it as shown in the given figure if
the knob is 1.2 m away from the hinge,
what is the torque applied? Is it positive
or negative torque? 09104079
Solution:
Given data:
Force F =300 N _
Perpendicular distance from hinge =¢ =1.2
m,
To find:

Torque =?

/

\o ool

(o\

Direction (positive or negative) =?
S | :
e
T=360 Nm
‘Since the force in such a way that it opens
the door Anticlockwise, it is considered
positive torque. '
Result: | :
Hence the 360 Nm is

li
which is positive. O %(
4.3 Two weights are K&%@ ;; a
metre rule at th i s shown in

the given e If the rule is balanced

u
, o
Hence the x and y component of ﬁ((&\ ocm
173.2 N and 100 N resp m 2
42 A force is- applied

09104080
i &

30cm
Solution:

‘ [
CG c‘;
A L law
Given data:

Distance of weight w from the C.G

at its centre @;@@@), Find the

Z

|

e,

LV

40
=40cm=—=04m
100

Distance of weight (wi) from the

center of gravity =30 cm = -1%05 =0.3m

~ Weight on the right side =w; =4 N
To find:
Unknown weight on left side = w =?

According to principle of Wents.

B e;@@ nticlockwise
J O“@%KW @x e
\F :

wx04=12
Tl
T 04

w = 3N

Result: The unknown weight is 3 N,

44 A see-saw is balanced with two
children sitting near either end. Child A
weighs 30 kg and sits 2 metres away
from the pivot, while child B weighs 40
kg and sits 1.5 metres from the pivot.
Calculate the total moment on each side
and determine it the sea-saw is in

equilibrium. _
09104081
Solution:

Given data:

Mass of child ‘A’ (m,) = 30 kg

Distance of child A from the pivot (da) =

2m :

A
i e

4116p=




Distance of child B from the pivot (ds) O
1.5m
Total mo g&m
Weight of chi
Weight of child B
Wg = mpg =40 x 10 =400 N
Momenta = Waxda
: =300 x 2
Now calculate the moment of force by
child B

Mass of child ‘B’ (mp) =40 kg
To find:
Wa=meg=30x10=300N
Now the moment of force by child A
=600 Nm
Moments

= Wgx dp
=400 % 1.5
= 600 Nm
Result:

As the clockwise
the anticlockwise mome

Aqulhbrlu
S used to lift a box as

shown in the given figure. If the
downward force of 250 N is applied at
the end of the bar, how much weight
does the other end bear? The crowbar

itself has negligible weight.
09104082

O

/‘\

ent

Solution:

Given data:

Applied Force = F =250

Distance from the pivot where force is

applied = d; =30 cm_l—oo-—O 3m

Dlstance from the pivot to the box
=d2—5cm— —005m
To Find: Qﬁﬂ(

Weight thaW

“nos

According to principle of moment

Moments of applied force = Moment of

weight lifted
F xd; =

w Xda
250 x0.3=w x0.05
e 250 x 0.3

0.05

75
W=—o
0.05

= 15000 N
Result:

\j}@m@fﬁn@the other end bears

A 30 cm long spanner is used to
open the nut of a car. If the torque
required for it is 150 N m, how much
force F should be applied on the spanner

as shown in the figure given below.
09104083

Solution:
Given Data:
Torque = T = 150 Nm
: 30
Length of spanner =¢=30cm = e 03m
To find ‘

150 =F x 0.3
150

41

F=—
0.3

17%




~ Result:

F=500N

The Force that should be

By [T
on the spanner is 500 N m |
4.7 A5 N bal g 0 rope is
- pulled ¢ ¥ by % horizontal force
F. The rope makes an angle of 60° with

the ceiling, as shown in the given figure.
Determine the magnitude of force F and
Tension T in the string. :

Solution:
Given data :
Weight of the ba % :
Angle o@g}wﬁm Ceiling, 6 = 60°
To find: — :
Magnitude of horizontal force = F =?
: Tension in the rope =T =?

The vertical component of the
tenswn 3 balances the weight of the ball.

Tsin6=W
w

sinB
: w

sin60
; 5

sm60

Il
‘u,

-

&
S
l\)

()}
o

W@m

| figure. If the weight of the board is 200

_ ot

@W@@

The horlzon nm@{@tensmn Tis®
rce F :
8=F -

F= 5800s60
F=58x0.5
F=29N

Result: 3
The magnitude of horizontal Force is 2 9%
N and tension in the rope is 5. 8 N. 3
4.8 A signboard is suspended by '
means of two steel wire as shown in

N, what is the tension in the strings?
109104085 :

T'< 2m )I( 2m;

w@g@@@

|

IZOON

T,

~ Solution:
Given data: |
Weight of sign board =w =200 N
Two wire are equidistant from the
center of the board which is = 2 m each
side ‘ S
To Find:
Tension in the string

Since the signboard is in equilibrium and -'
symmetrically supported by two wires, the

weight is e2 between the

ince the dlstance from the center aré :
equal, the tension in each string w1ll also
be equal.
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Therefore,
T+ Ti =200
« 14T =200

200
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The tension in each string is 100 N.
4.9  One girl of 30 kg mass sits 1.6 m
from the axis of a see-saw, Another girl
of mass 40 kg wants to sit on the other
side, so that the see-saw may remain in
equilibrium. How far away from the
axis, the other girl may sit? 09104086
Solution:
Given data:
Mass of one girl = m; = 30 kg
Distance of one girl from the axis = d; =

1.6 m .
‘Mass of second girl = m; = 40%%
To Find: %
wwm:@grt e axis = dy =?
40 kg
f

Distance of
1 .6m

2T =
2T,
Result:

30 kg

Weight of first g1rl =mg=30x10="
300 N '
Weight of second girl = wo = myg =
40x10=400 N g
According to principle of moments
Clockwise moment = Anticlockwise
moment ’ S

Wixdy = Waxd;

300 x 1.6 =400 x d,

300x 1 6

4-00 %

d=12m %m
Result: “

The ust sit 1.2 meters
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i m string of

1 9n given figure, if the
09104087

: 150 N
Solution:
Given data:
Weight of the block (w) 150 N-
Angle 6 = 60°
To find:

Tension in the incli
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Ty ity
4372
150x 2
T =
3
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33
Ti=173.2N
- In horizontal direction
T2=Ticos B
"T2=173.

Bt

@Q@ Hence the tension in the vertical

and inclined string is 173.2 N and 86.6 N
respectively.

away from the axis.
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