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SHORT QUESTIONS

2.1 Define the terms (i) unit vector (ii) Position vector (iii) Components of a vector.

Ans. (i) Unit Vector: A vector whose magnitude is one called unit vector. It is used to find the
direction of a vector. The formula for the unit vector is

%
g A
[ A
(ii) Position Vector: It is a vector that describe the location of a particle with respect to origin.

%
The position vector r of point P(a, b) in x-y plane is given by
ard A A A
a = ai+bj+ck
/\ . . . . . ., . % . . .
where k is the unit vector along z-axis. In three dimension, the position and r from origin will
- A A A
r = ait+bj+ck
IATRA A . . .
where 1, j and k are the unit vectors along x, y and z-axis respectively.

(iii) Component of a Vector: The part of a vector effective in a particular direction is called
the components of a vector. Usually a vector has two or more components, one along x-
axis is called horizontal component and other along y-axis is called vertical component.

2.2 The vector sum of three vectors gives a zero resultant. What can be the orientation of the
vectors?

Ans. The resultant of three vectors of equal magnitudes is equal to zero if they are represented by the
- - -
three adjacent sides of a triangle as shown. If we have three vectors A, B and C. By using head

] - — —
to tail rule where — C 1is the resultant of A and B.

Hence
- -> >
_ - o
-C = A+B C B
_)
- > > -C
A+B+C =0
Thus the vector sum of three vectors is zero. = >
A

23 Vector A lies in the xy-plane. For what orientation will both of its rectangular components
be negative. For what orientation will its components have opposite signs?

Y
%
Ans. Case-I: 1If a vector A lies in third quadrant then both of its

rectangular components A, and A, will be negative as shown.

- X <€ >X
Case-II: If a vector A lies in second and fourth quadrant then —
both of it, rectangular components A, and A, have in opposite A,
sign as shown.

___________ vy
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24

Ans.

2.5

Ans.

2.6

Ans.

by %
If one of the rectangular components of a vector is not zero, can its magnitude be zero?
Explains.

No, its magnitude cannot be zero because, the magnitude of vector contains the sum of square of
its components. So if one of the components of a vector is not zero and even if they have the
opposite signs then the magnitude of a vector cannot be zero. According to formula

A = \JAL+A]
0

If A, =

Then A = A\JAL+ 0P
A =A/A
A = A
A = 0

So if one of the rectangular components of a vector is not zero then its magnitude cannot be zero.
Can a vector have a component greater than the vector’s magnitude?

(1) No, the magnitude of a vector cannot have a component greater than its magnitude because
the components of a vector is always less in magnitude of resultant vector. Only in case of
equilateral triangle, they are equal.

(i1) Yes, the statement is correct if we do not take the case of rectangular component. So a
vector has a component greater than vector magnitude.

Can the magnitude of a vector have a negative value?
No, the magnitude of a vector cannot have a negative value. The magnitude of a vector always

%
has a positive value. For example, if we have a vector —3 A, where 3 is the magnitude of a vector
and the negative sign shows its direction.

(OR)

. % .
As magnitude of A is

Hence magnitude of a vector cannot have a negative value. e.g.,
If A, = -5 and Ay, =2

then A =5+ (2)

N

- \5
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2.7

Ans.

2.8

Ans.

2.9

Ans.

2.10

Ans.

2.11

Ans.

-> o> -
If A+ B = 0, what can you say about the components of the two vectors?
- - -
If A+B =0
—> -
A = -B

In case of rectangular components
AL ALA LA
Agd+Ay)+Ak = —(Bxi +Byj +Bk)
AoA A A A
A +Ayj+Ak = -Bysi-Byj-Bk

A A
Comparing the coefficients of /i\, j and k

Ay = -Byg
Ay = -By
A, = -B,

So it means that if the sum of the two vectors is zero then their rectangular components will be of
the same magnitude but in opposite direction.

Under what circumstances would a vector have components that are equal in magnitude?

%
If 6 be the angle which vector A makes with horizontal line having components A, and A, then

tan0 = %X
0 = tan' (%j
According to question yq
Ac = A, >
then 0 = tan' (%ij / A
0 = tan"' (1) A > X
0 = 45°

_)
So, if A makes an angle of 45° with x-axis then its both components will be equal in magnitude.
Is it possible to add a vector quantity to a scalar quantity? Explain.

No, a vector quantity cannot be added to a scalar quantity because scalar has only magnitude
while vector has both the magnitude and direction. So they cannot be added to each other.

Can you add zero to a null vector?
No, zero is not added to a null vector because zero is a scalar and null vector is a vector quantity.
Two vectors have unequal magnitudes. Can their sum be zero? Explain.

No, the sum of two vectors of unequal magnitude cannot be zero. It is only possible when two
vectors have same magnitude and in opposite direction.
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2.12

Ans.

2.13

Ans.

Show that the sum and difference of two perpendicular vectors of equal lengths are also
perpendicular and of the same length.

- -
Consider two vectors A and B having equal magnitudes as shown. From head to tail rule,

- > - > , _
A + B and A — B are the resultant having same magnitude because they are the hypotenuse of

right angled triangle.
Since in AOPQ
ZPOQ = ZQPO
= 45°

%
and magnitude of R will be

R| = AT+ B
and in AOQR
ZROQ = ZORQ = 45°
So ZPOQ + ZROQ = 45°+45°
= 90°

- - - - _ _
Hence the resultants A + B and A — B are perpendicular to each other and they are in equal

length.

How would the two vectors of the same magnitude have to be oriented, if they were to be
combined to give a resultant equal to a vector of the same magnitude.

_)

%
If two vectors A and B make an angle of 120°. Then their 5
=1 B

- >
resultant would have the same magnitude as that of A and B.

12
We know that: e’ 507

%
A X

%
IR| = \JA?+B*+2AB +cos 6

According to given condition A =B =R.

R = \R*+R*+2R’cos 0
R? = 2R*+2R%cos 0
R2-2R?> = 2R%’cos 0

1
ﬁzzcose = cos@=—§

_ 4 l)
0 = CoS (—2

0 = 120°
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2.14

Ans.

2.15

Ans.

2.16

Ans.

The two vectors to be combined have magnitudes 60 N and 35 N. Pick the correct answer
from those given below and tell why is it the only one of the three that is correct.

(i) 100N (i) 70N (iii) 20N

When 60 N and 35 N forces are in same direction then maximum resultant is
= 60+35 = 95N

When 60 N and 35 N forces are in opposite direction then minimum resultant is
= 60-35 = 25N

Hence the range of the force is 25 N — 95 N then (ii) 70 N is correct.

Suppose the sides of a closed polygon represent vector arranged head to tail? What is the
sum of these vectors?

We know that if the vectors are arranged by head to tail rule, B)

which makes a closed polygon then its resultant is zero N —
because there is no place to draw resultant. Consider E C
I i i

A, B, C, D, E and F are the vectors which are arranged by

head to tail rule then their resultant is zero i.e., ? E)

o —
A+B+C+D+E+F =20 A

Identify the correct answer:

(i) Two ships X and Y are traveling in different directions at equal speeds. The actual
direction of motion of X is due north but to an observer on Y, the apparent direction
of motion of X is north-east. The actual direction of motion of Y as observed from the
shore will be.

(a) East (b) West (¢) South-east (d) South-west
(ii) A horizontal force F is applied to a small object P of
mass m at rest on a smooth plane inclined at an angle FP

0 to the horizontal as shown in figure. The magnitude
of the resultant force acting up and along the surface
of the plane, on the object is:

(a) F cos O —mgsin 0 (b) Fsin 6 —mg cos 0
(c) FcosO+mgcosH (d) Fsin 6+ mgsin 0
(e) mgtan0

(1) We know that the ship x is moving towards North from shore and according to observer on
ship y, the ship x is moving towards north-east direction so ship y is approaching towards
the line of motion of ship x. Thus the motion of ship y is towards west so (b) is correct.

(i1)) Now the horizontal force F and weight mg of the body r.B

Q
can be resolved into its rectangular components as F QCS? \Fsine
shown. The force acting up along the plane of the sl 0
surface is -
X6 QAN as 6
_ B . » mg
F cos 6 — mg sin 0 5 \
So (a) is correct. .

.-
ngsin©



[CHAPTER 2] VECTORS AND EQUILIBRIUM 62

- - - -
2.17 If all the components of the vectors, A; and A, were reversed, how would this alter A; x A,?
% % . . .
Ans. The vectors A; and A; can be resolved into its rectangular components i.e.,

—> A A A
Ay = Al + Aly] + Ak

—> A A A
Ay, = Axni+ AzyJ + Ay k
A A N
1] k
- -
A x A, = A Aly Ay,
A2x A2y AZZ
On reversing the components
—> A A A
A] = —Alxl — Aly_] — Alzk
—> A A A
Az = —Ale — Azy_] — Azzk
A A A
1 ] k
- -
So Al X A2 = _Alx _Aly _Alz
_A2x _AZy _AZZ

Taking (—1) as common from R; and R,

AN AN AN

ik
- -
ArxAy = ()C) | Ax Ay Ay,
AZx AZy AZZ
AA A
i j k
- —>
Al X Az = A]x Aly Alz
A2x A2y AZZ

- -
Hence if the components of the vectors are reversed then there is no effect on A; x A,.

-> -
2.18 Name the three different conditions that could make A; x A, =0.
Ans. We know that

- —> . A
Ay xAy; = AlA;sinOn

Therefore the required three conditions are
. , - - S
(1) Either A; or A; is null vector i.e., |Aj| = |Ay| = 0.

- -
A1XA2: 0
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I s : A,
(1)) A and A; are parallel i.e., 6 = 0°. _—
- —> . A . —_—
A xA; = AIA;sin0°n osin0° =0 ;;
-> -
A1 X A2 =0
%
oo X - . . A
(ii1)) A; and A; are antiparallel i.e., 6 = 180° s
- —> . A A e
A xA; = AA;sin 180°n ;;

- - )
= A xAy=0 .+ sin 180° = 0
2.19 Identify true or false statements and explain the reason:

(a) A body in equilibrium implies that it is not moving nor rotating.

(b) If coplanar forces acting on a body form a closed polygon, then the body is said to be
in equilibrium.

Ans. (a) This statement is false because the body is said to be in equilibrium if it is moving with
constant velocity or rotating with constant angular velocity.

(OR)

This statement is true because when a body is not moving nor rotating then it is in static
equilibrium.

(b) This statement is true because when coplanar forces (vectors) acting on a body in the form
- -
of a closed polygon then X F = 0 i.e., I* condition of equilibrium, is satisfied so the body
is in translational equilibrium.
(OR)

This statement is false because there may be any torque due to these forces i.e., 2™
condition of equilibrium is not satisfied so the body is not in complete equilibrium.

2.20 A picture is suspended from a wall by two strings. Show by diagram the configuration of
the strings for which the tension in the settings will be minimum.

Ans. Let we suspend the picture from the wall by two strings as s "”g’”’”’ "”””’g” sl
shown in figure. T,sin 64 KT, T,A AT, sin0
Let T; and T, be the tension in string from figure.
Along x-axis
T cos©= T,cos 0 5 0
= T =T =T T, cos 6 T, cos 0
Along y-axis
w

TisinO+T,sin® = w

TsinO+Tsin® = w T =T, =T,
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W
~ 2sin6

T

For minimum tension sin 0 should have max. value and max. value of sin 0 = 1.

= sin@ = 1

sin 6 — sin 900 LLLLLLLLLLLLLLLL L0

0 = 90°

.. . . ™ M

So for minimum tension 6 should be 90° as shown in figure.
From figure

2T = w Picture

w
T -3 l
w

So only in this case, the tension in both the string will be
minimum.

2.21 Can a body rotate about its centre of gravity under the action of its weight?

Ans. No, a body cannot rotate about its centre of gravity under the action of weight because the line of
action of force (weight) passes through its center of gravity (pivot) i.e., movement arm r = 0.

So T = rF
T = (0O)F
T =0

So the torque is zero.
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PROBLEMS WITH SOLUTIONS

|PROBLEM 2.1

_)
Suppose, in a rectangular coordinates system, a vector A has its tail at the point P(-2, —-3)
and its tip at Q(3, 9). Determine the distance between these two points?

Data
The given points are
P(-2,-3) and Q(3,9)
To Find
Distance betweenPand Q =r = ?
ISOLUTION|
.. - AN
Position vectorofa = 1, = -21-3]j
—d A A
Position vector ofb = 1, = 31+9j
- -> -
= A = In —n
A A A A
= 31+9j — (=21 - 3j)
A AN A A
= 31 +9j +2i+3]j
- A A
A =51+12; L (1)
%
The magnitude of A is:
A = \/(5)2 + (12)2
= /25 + 144
= /169
= 13 units
Result
Distance between Pand Q = r = 13 units
|PROBLEM 2.2)|

A certain corner of a room is selected as the origin of the rectangular coordinate system. If
an insect is crawling on an adjacent wall at a point having coordinates (2, 1), where the units are
in meters? What is the distance of the insect from this corner of the room?
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Data

In a coordinate system, the given point is (2, 1)

To Find

Distance of insect from the corner of room = r = ?

|SOLUTION)|

Let the corner of the room whose coordinate are (0, 0)

The position vector is

- AL A
r = 2i+1j

%
The magnitude of position vector r is

[t =N+
= \f4+1
- 3
r = 2.24m
Result
Distance of insect = r = 2.24m
|PROBLEM 2.3|

- A A
What is the unit vector in the vector A =4i +3j?

Data

The given vector is

—> A A
A = 41+3j
To Find
Unit vector = 1& = ?
|SOLUTION)|
By formula
_)
A - A
| A
AN A
_ A4it3j
\/42+32
AN A
_ 4it+3)

(2, 1)

(0,0)
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A
A 41 +3j
A 5
Result
4/.\ 3/.\
A +
Unit vector = A 1451

|PROBLEM 2.4|

A

_)
Two particles are located at r; = 3i +7j and _r>2 = —21i + 3 respectively. Find both the

-> -
magnitude of vector (r, — ry) and its orientation with respect to the x-axis.

Data

The position vectors are

To Find

Magnitude of vector

%
1§

%
I

Direction
|SOLUTION)|
As we know that
- >
I — 1

N A
= 31+7)

A N
= —21+3j

A AN A AN
= =21 +3j-3i1+7)j)

A N A A
-21+3)-31-7]

A AN
—5i — 4]

-n| = NES 4

- >

|ty —11| =

Orientation w.r.t. x-axis:

VBTG = A

6.4

1 (X-component)
tan
X-component

4
-1 =
tan (5)

39°
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- -
As both components are —ive so (1, — 17) lies in 31 quadrant.

= 0 = 180+ ¢
= 180+ 39
0 = 219°
Result
Magnitude of vector ;2) - r—l) = 64
Orientation = 6 = 219°
|PROBLEM 2.5|

- - AAL D -
If a B is added to vector A, the result is 6i + j.If B is subtracted from A, the result is

A A —>
—4i + 7j. What is the magnitude of vector A?
Data

= —
If B isaddedto A
- AA
B

% . .
A+B = 61+]

— —
If B is subtracted from A

- —> A A
A-B = —4i+7j

To Find

_)
Magnitude of vector A = ?

|SOLUTION)|

- —> AA

Then A+B = 61+]
- —> A A
A-B = —4i+7j
—> A A
2A = 2i+8]
—> A A
2A = 2(i+4))
—> A A
A = 1+4j

%
Magnitude of vector A = [(1)* + (4)°
\J1+16
= '\/1_’7

4.12

Result

%
Magnitude of vector A = 4.12
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|PROBLEM 2.6|

- A A —> A A
Given that A =2i +3j and B =3i — 4}, find the magnitude and direction of

-> > o > >
(@ C=A+B (b) D=3A-2B
Data
The given vectors are
—> A
A = 21+3j
—> A A
B = 3i-4j
To Find
) - - -
(a) Magnitudeof C = A+ B = ?
_)
Direction of C = ?
) - - -
(b) Magnitudeof D = 3A -2B = ?
_)
Direction of D = ?
|ISOLUTION|
- - -
(a) Now C = A+B

Putting the values

- A A A A
= 21 +3] +3] — 4]

C
—> AA
C =51-j
_)
Magnitude of C = \/(5)2 + (1)
= \25+1

= 5.1
— Gy
For direction, tan ¢ = C
C where C, = -1
_ 12y y
b = tan (Cx) Cy =5
1
So () = tan' (g)
) = 11°

Since C is positive and Cy is negative.
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2 ath
So C liesin 4" quadrant.

0 = 360° —

0 = 349°

- -
(b) Now D =3A-2
A A
= 51+9j

A

= 17

) -
So the magnitude of D

11°

%
B

A A N A
321 +3j)-231—-4j)

A A
— 61+ 8]

N(17)

= 17
_)
And the direction of D is
D where D, = 17
_ 1Yy y
0 = tan (DJ D, = 0
17
_ (AL
0 = tan (O)
= tan’! (0)
0 = 9(0°
Result
%
(a) Magnitude of vector C = 5.0
%
Direction of vector C = 0 = 349°
%
(b) Magnitude of vector D = 17
%
Direction of vector D = 0 = 90°
|PROBLEM 2.7|
- A A

Find the angle between two vectors A =5i + j and

Data
The given vectors are
- AN
A =51+
g N A
B = 21+4;

To Find

Angle between the vectors =

0 =27

- A A
B =2i +4j.

1N

11°

0l
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ISOLUTION|

As we know that
- >
A.B = ABcos©
- >
0 - A .B .
cos =B
- = NN N N
where A.B = (5i+j).(Q2i+4j)

AN A AN A VANEAN A A
100 .1)+20GG. D +2G . D +4G . 7)

VASERAN VASEAN ASEVAN
Since 1.1 =j.]j =k.k =1
ANEVAN VANEAN AN
and 1.] =j.k=k.i =0
-> -
So A.B =10+4 = 14
%
The magnitude of vector A = 5"+ 1
= 4/25+1
- \/2_6
A =51
. g 2 2
The magnitude of vector B = [2° + 4
= \J4+16
- \/X)
B =45
Putting the value in eq. (1)
o - 14
COSY T (5.1)@4.5)
cos® = 0.61
6 = cos ' (0.61)
6 = 52°

Result

Angle between vectors = 0 = 52°
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|PROBLEM 2.8|

A A
Find the work done when the point of application of the force 3i + 2j moves in a straight

line from the point (2, —1) to the point (6, 4).
Data

—> A A
Force = F = 31+2]

and the given points are A(2, —1), B(6, 4).

To Find
Work done = W= ?
|ISOLUTION|
By formula
w -F.d

_)
Where d is distance between two given points

%
So Coordinates d

= (6,4)—(2,~1)
= (6-2,4+1)
= 4,5)

Now 4 = 4ies)

VAN VAN VAN VAN

Therefore W = (3i +2j).(4i+5j)
VAN VAN VAN VAN

= 12G.DH+105.5

= 12+10
= 22 Joule
Result
Workdone = W = 22]
|PROBLEM 2.9)|
A A A A A A A A A

Show that the three vectors i + j +k,2i —3j + kand 4i + j — 5 k are mutually perpendicular.
Data

The given vectors are

—> AN CA
A = 1i+j+k
—> A
B =2i-3j+k
—> AA A
C =4i+j-5k
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To Find

Are the vectors mutually perpendicular = ?

|ISOLUTION|

o e e .
If A. B=B.C=C. A =0so the vectors are mutual perpendicular.

- —> AAA A AA
Thus A.B = (i+j+k).Q2i-3j+k)
AA A AA
= 2(i.1)—-3(G .j)+1k.k)
=2-3+1
- -
A.B =0
- > A AA AA A
and B.C = (i-3j+k).#i+j-5k)
AA AN AA
= 8(1.1)—3(.j)-5k.k)
=8-3-5
- >
B.C =0
- —> AA A AAA
C.A = @li+j-5k).(+j+k)
ANEIAN AN A VASEPAN
= 4(i.1)+1(j.j)-5k.k)
=4+1-5
- >
C.A =0
- > - > - >
Hence A.B = B.A =C.A =0
Result
So the given three vectors are mutually perpendicular.
|PROBLEM 2.10)

- A A A - A A - -
Given that A =i —2j +3k and B =31 — 4Kk, find the length of the projection of A on B.
Data

The given vectors are

—> A A A
A = 1-2j+3k
—> A A
B = 3i-4k
To Find
- -
Projectionof Aon B = Acos0 = ?
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ISOLUTION|

By formula

- >
A.B = ABcos©

- >
A.B

B

AcosO =

- —> A A A A A
Now A.B = (i-2j+3k).(3i-4k)
VANEAN VANEVAN
= 3(.1)-12(k. k)
= 3-12
= 9

And magnitude of vector _B>
B = Oy
- \/9T16
- |33

=35
Putting in above equation
-9
AcosO = 5
Result
L e - 9
Projectionof Aon B = AcosB = -3
|PROBLEM 2.11|

-> > -
Vector A, B and C are 4 unit north, 3 unit west and 8 unit east, respectively. Describe

-> > -> > > -
carefully (a) A x B (b) A x C (¢) B xC.
Data

The given vectors are

4 units north

3 units west

0l wl >l

= 8 units east
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To Find

- -
(a) AxB =7
- -
(b) AxC =2
- -
(c) BxC =7?
%
ISOLUTION| A
- - A
(a) As A xB = ABsinOn N s
B C
- = . A s -
AxB = (4)(3)sin90°n
= 12 units vertically upward according to right hand rule
- - A
(b) AxC = ACsinfn
— (4)(8) sin 90° n
= 32 units vertically downward
- > . A
(©) B xC = BCsinfn
— (3)(8) sin 180° n
— 24(0)n
- > >
BxC =0
Result
- -
(a) A x B = 12 units vertically upward
- -
(b) A x C = 32 units vertically downward
- > o
(c) B x C = 0 (Null vector)
|PROBLEM 2.12)

- - -
The torque or turning effect of force about a given point is given by r x F where r is the

- - A A A
vector from the given point to the point of application of F. Consider a force F = -3i + j +k

A A A
acting on the point 77 + 3j + k (m). What is the torque in Nm about the origin?
Data

- AA A
Force = F -3i+j+5k

%

r

. A IANEA
Position vector = = 71+3)+k
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To Find

— - -
T r F

Torque acting = = x = ?
|SOLUTION)|
- -> -
As T = r1xF
AN A A
i j k
%
T = 7 31
-3 15
Al 31 Al 71 Al 7 3
=i —j +k
15 -3 5 -3 1
AN AN AN
= i(I5-1)-j(B5+3)+k(7+9)
AN AN AN
= 141 —38j + 16k
Result

. - A A N
Torque acting = t = 141 —38j + 16k (Nm)

|PROBLEM 2.13)

- A A
The line of action of force F = i —2j, passes through the point whose position vector is

A A -
(=j + k). Find (a) the moment of F about the origin (b) the moment of F about the point of which

A A
the position vector is i + k.

Data
= A
Force = F =1-2
. - AN
Position vector = r = —j+k
To Find
. . %
(a) Moment of force about origin = © = ?
AA —>
(b) Moment of force about i +k = 1t = ?
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77

ISOLUTION|

(a) First for the moment of force about origin is

N
T

- -

r x F
VANEEVAN
i j k
0 -11
1 -2 0
Al -1 1 Al 01 Al 0 —1
1 — +k
-2 0 10 1 -2

T0+2)=j0-1)+k©0+1)

AN AN AN

2i+j+k

(b) The moment of force about ? + 12 is

\

\

So T

\J

Result

(a) Moment of force about origin =
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|PROBLEM 2.14)

The magnitude of dot and cross products of two vectors are 6\/3 and 6 respectively. Find
the angle between the vector.

Data
' - >
Magnitude of dot product = A.B = 6\/§
> -
Magnitude of vector product = |A x B| =6
To Find
Angle between the vectors =0 =27
|SOLUTION)|
- -
As A.B = ABcos6 . (1)
- -
|A x B|= ABsin6 ... (11)
Divide eq. (ii) by (i)
> -
|AxB| ABsin0
— —  ABcos0
A.B
6
—F= = tan0
6'\/5 an
tan@ = L
\3
1
— tan! [—=
0 an ( \/5)
6 = 30°
Result
Angle between vectors = 0 = 30°
|PROBLEM 2.15|

A load of 10N is suspended from a clothes line. This distorts the line so that it makes an
angle of 15° with the horizontal at each end. Find the tension in the clothes line.

Data

Load = W= 10N T Sin 154 AT Sin 15°
Angle with horizontal = 6 = 15° : :
To Find

Tension in the string = T = ?
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ISOLUTION|

According to 1™ condition of equilibrium.

Now using 2F, =0 and >F, =0
So T;sin®+T,sin0—-Load = 0 T, cos 15°—=Ti;cos 15° =0
2T sin ©® = Load T, cos 15° = Ty cos 15°
T = % T, =T
5
= 02588 Lo Ty =T, =T
T = 193N

Result
Tensioninstring = T = 193N

|PROBLEM 2.16)
A tractor of weight 15000N crosses a single span
bridge of weight 8000 N and of length 21m. The span bridge is By
supported half a metre from either end. The bridge is «— v %
7

supported half a metre from either end. The tractors front

wheels take 1/3 of the total weight of the tractor, and

the rear wheels are 3m behind the front wheels. Calculate the force on the bridge supports when the
rear wheels are at the middle of the bridge span.

Data
Weight of tractor = W; = 15000 N
Weight of bridge = W, = 8000N
Length of bridge =1 = 2lm
Length of tractor = = 30m
Weight of front wheels = W; = % x 15000
= 5000 N
Weight of rear wheels = W4, = 15000 — 5000
= 10000 N
To Find
Forces on the bridge supports

F1 = 9

and F, =27
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ISOLUTION|

By using 1% condition of equilibrium

2F, =0
F; +F,—-5000 — 8000 — 10000 =0
Fi+F, = 23000N ... (1)
According to 2™ condition of equilibrium \ ¥ W, = 8000N
Yt =0 Wa=S000N |\ = 10000N
Suppose the point B is the point of rotation therefore
Torque of Force F; = 1 = F; x0
=0
Torque of Force F, = 1 = F,x20
Torque of Force Woand Wy = 13 = —18000 x 10
Torque of Force W3 = T4 = —5000 x 7
Then T+ttt =0
0+ F, x 20 — 180000 — 35000 = 0
20F, = 215000
F, - 215000
20
F, = 10750N
F, = 10750 x 10°N
F, = 10.75KN
Putting in eq. (1)
F;+10750 = 23000
F; = 23000 - 10750
= 12250 N
Fi = 1225x10°N
= 12.25KN
Result
Force on the bridge supports
F; = 1225KN and F, = 10.75KN
|PROBLEM 2.17| F
A spherical ball of weight SON is to be lifted over the step as é O

shown in the figure.

Calculate the minimum force needed just to lift it above the
floor.
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Data
Weight of the spherical ball= W= 50N
Radius of the spherical ball = r = 20 cm

= 02m
Height of the step = h = 5cm
= 0.05m
To Find
Minimum force required to lift the ball = F = ?
|SOLUTION)|
Now consider the triangle AOCD is right angled triangle, .
by Pythagorean theorem <
(OC)* = (OD)’ +(CDY’
(CD)* = (OC)’ - (ODY’
- o7 - (157 son] CINC P
\J(CD)* = /1750
= 13.2cm W=50N
CD = 0.13m
By using 2" condition of equilibrium
2T =0
So -WxCD+FxCB =0
-50x0.13+Fx025 =0
025F = 6.5
P65
0.25
F = 26N
Result
Minimum force required to left ball = F = 26 N
[PROBLEM 2.18) \

A uniform sphere of weight 10 N is held by a string attached to a
frictionless wall so that the string makes an angle of 30° with the wall. Find
the tension in the string and the force exerted on the sphere by the wall.

Data
Weight of the sphere = W= 100N

0 = 30°

Angle of string with wall
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To Find

(a) Tension in the string =T=7

(b) Force exerted by thewall = F = ?

|SOLUTION)|

(a) Let F be the force exerted on sphere by wall, T is the tension in string
and W is the weight of the sphere.

By using 1% condition of equilibrium

2F, =0 and 2F =0

So F-Tsin® =0
F = Tsin®
and Tcos6-W =0
Tcos® = W
S \Y
cos 0
_ 100 _ 100
cos 30 0.866
= 11.55N
and F = Tsin®
= 11.55sin 30°
F = 58N
Result
(a) Tension in the string =T = 11.55N
(b) Force exerted by the wall = F = 58N




