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ince the time the HT-JEE (Indian Institute of Technology Joint Entrance Examination) started, the
examination scheme and the methodology have witnessed many a change. From the lengthy subjective
& problems of 1950s to the matching column type questions of the present day, the paper-setting pattern
and the approach have changed. A variety of questions have been framed to test an aspirant’s calibre, aptitude,
and attitude for engineering field and profession. Across all these years, however, there is one thing that has not
changed about the IIT-JEE, i.e., its objective of testing an aspirant’s grasp and understanding of the concepts
of the subjects of study and their applicability at the grass-root level,

No subject can be mastered overnight; nor can a subject be mastered just by formulae-based practice.
Mastering a subject is an expedition that starts with the basics, goes through the illustrations that go on the lines
of a concept, leads finally to the application domain (which aims at using the Icarnt concept(s) in problem-
solving with accuracy) in a highly structured manner,

This series of books is an atlempt at coming face-to-Tace with the latest IT-JEE pattern in its own format,
which is going to be highly advantageous to an aspirant for securing a good rank. A thorough knowledge of the
contemporary pattern of the IIT-JEE is a must. This series of books features all'types of problems asked in the
examination—be it MCQs (one or more than one correct), agsertion reason type, matrix match type, or
paragraph-based, thought-type questions. Not discounting to need for skilled and guided practice, the material
in the book has been enriched with a large number of fully solved concept-application exercises so that every
step in learning is ensured for the understanding and application of the subject,

This whole series of books adopts a multi-facetted approach to mastering concepts by including a variety of
exercises asked in the examination. A mix of guestions helps stimulate and strengthen multi-dimensional
problem-solving skills in an aspirant. Each book in the series has a sizeable portion devoted to questions and
probie:mé from previous years’ HT-IEE papers, which will help students get a feel and pattern of the questions
asked in the examination. The best part about this series of books is that almost all the exercises and problem
have been provided with not just answers but-also solutions.

Qverall the whole content of the book is an amalgamation of the theme of physics with ahead-of-time
problems, which an aspirant must follow to accomplish success in HT-JEE.

B. M. SHARMA
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1.2 Physics for ITT-JEE: Mechanics I

Mathematics 1s the supporting ool of physics. The elemen-
tary knowledge of basic maths is useful in problem solving in
physics. Basic knowledge of eleroentary algebra, trigonometry,
coordinate geometry and basic calculus is must before going
into the depth of physics.

ELEMENTARY ALGEBRA

Common Formulae

a4+ bV =a*+ b4 2ab

2. (a= b)Y =a® 4+ p* —-2ab
La+b+ePl=a*+b>+c? +2ab+2bc+2m
4, (a+b¥a —b) = a* — b*

5. (a+ by =a+b +3ahla+b)

6. (a—bY =a® —b* ~3abla — b)

7. (a0 + b — (a — by = dab _

8. (a0 +{a—b)P =2+

Polynomial, Linear, and Quadratic Equations

Real Polynomial

Letag, 41, €7 ..., a, be real numbers and x a real variable, then
Fx) = ag + a1x + axx® + - +a,x" is called a real polyno-
mictl.

Degree or Index of o Polynbmr’a!

The highest power appearing ina polynomial is called its degree.
For example, f(x)y= x* + 8x -+ 3 is a polynomial of degree’3.

Students must note here that it is not necessary that the
highest power must be of a single variable only. For example,
Fx) =3x%y + y? 4+ 2 is a polynomial of degree 3 because of
variable y in the term x%y. We add powersofthe vasiables in
a term to find degree of a polynomial irrespective of the nature
of variables. Thus, in the present case, x*y 18 having power of
2 + 1 =13 and hence the degree of the given polynomiat is 3.

Linear Equations

Eguations having polynomials of usit degree are called linear
equations, €.g., ¥ + y =2 or Zx 3 = 5. Such equations always
represent a straight line on a graph.

Quadratic Equations

Eguations of second degree are called quadratic equations. The
general form of a quadratic equation is as given below:
ax* + bx + ¢ = 0, where a # 0.

Roots of a Quadratic Equation

Solutions of a quadratic equation are called its roots. Roots are
those values of a variabie such as x for which the givenquadratic
equatton collapses to zero, As arule, a quadratic equation always
has two roots which may or may not be equal.

Roots of a quadratic equation are genesaily repre'&;cnted by o
and £,
Letax? +bx+c=0bea quadrauc equation. Then:

—b /B —dac f = — A/b% — dac

1. Itsrootsarc o = —
2a 2a

—b+ vb’ 4ac

2. Hence, its solution is given by x == ~— 5
1

. . - =
3. Sumof its roots is given by ¢ + f = -—.
a

) ; Qs o
4. Product of its roots is given by off = —.
a

LS ——4ac

5. Difference of its roots is given by o — 8 =
£

Binomial Expression and Theorem
An algebraic expression containing two terms is called a bino-
mial expression.
1 3
For example, (a -+ &), (Zx=3y), (x + ) . (A’ 4 —), etc.,
¥ x

are binemial expressions,

Binomial Theorem for Positive Integral Index

The general form of a bimomial expression is (x -+ a)", where
n is any pesilive integer (called index) and x and a are real
numbers,

Binomial theorer states:

Coh ) = "Cox” +"C " @l 0 gt
. ncrxnwr cal e Cn el
!

where ", == andn! = n(n — Din = 23 x 2x1,

'{n — i

the product of first # natural numbers fe.g, 5 !=5 x4 x 3 x 2
% b= 120]. '

@

Total number of terms in the expansion = (n + 1).

o In every successive term in the expansion, the power of
x goes on decreasing by | and that of ¢ increasing by |
s0 that the sum of the powers of x and & i1 each term is
always equal to n,

e "Cy,"Cy,"Cq, ..., "C, are called binomial coefficients.

e The expression #! is read as “facto;‘.':ai n". Se,

" n! _nln~1r—2)--3x2x1

- = H.

T = 1) 1{n—-1){nw2) Axaxl

o . n(n e I B
Similary, "y = e Cp=1,

2!(;1 - 2x1

Binomial Theorem for Any Index

Il n is positive, negative or {raction and x is any real number such
that ! < x < 1,1e,x lics between —1 and +1, then according
to the binomial theorem ( 0 ( G —2) '
n{n — nin — D{n -
L . .2 e
(l4+xY' =1+nx+ 5] X 3 X
400 terms,




DR Caloulate (100D

Sol. We can write 1001 as; 1001 = 1000 (i 000) 50 th'u

-we have

L i
} U‘?z o — — o e
(1001) {10(}0(1 & 1(}}{})} 10{1 & m{m}

1
= (001 -+ 0,001 = 1001 + 5 % 0.000)

| = 10.003333
%ﬁﬁ;@g %ﬁ@% Expand (1 +x)™%.

(=333~ Lx?

CSol. (141 =14(=3)x+ " 2 W

{ 33— DY(=3=2) P
31
12, 60 .

e % WRETEI
R mE T

:giw3x+6x2w10.x‘ i

Cancept Apphcahon Exermse h e, 1 -

1. Expand (I +x)"%
2. Using binemial expansion, simplify the following expres-

3
A" .
sion: @ [(1 -+ _._m) - t], assuming Ax to be small in
X .

comparison to x.

ELEMENTARY TRIGONOMETR‘{

System of Measurement of an Angle
There are different tvpes of measurement of an angle.

. Sexagesimal system: In this system,
1 right angle = 90° {degree); 1 degree = 60" (minutes)
1 minute = 60" (seconds)

Basic Mathematics 1.3

2. Centesimal systern: In this system,
1 right angle = 100 grades (100 g)
1 grade = 100 minutes (1007
1 minute = 100 seconds {1007
3. Circular wsfem In this system, angle is measured in radian. -
wr radians = 1807
Consider a particle moves [rom a position P to position
along a circle of radius r with centre at O (see Fig. 1.1). Then,

Arc length PQ 5

Angle = el .

Radius of (.IILIL E

I* ig, 1 1
If the fength of arc PO = radius of circle #, then 8 = E radian.

Radian

When a body completes one revolution, then 8 = 27 rad.

2 rad = 360° or 2 x3.14 rad = 360"
360°

~:> }rad e —_

— = 573"
2x3.14

Four Quadrants and Sign Conventions

Caonsider two mutually perpendicular lines mterscamg at 0.
These two mutually perpendicular lines divide the plane into
four parts called quadrants (see Fig. 1.2).

A A
‘?}
P ; .
J - g
N %0 1 By é\/\ X
a N N Q
v vy
() (b)
AY AT
X < A 9/\ p X X4 gfm 4 X
10 | N
,/" \\\\
F 2
v vy
(c) ’ (h
Fig. 1.2



1.4 Physics for IIT-JEE: Mechanics I

1. To determine the sign of a trigonometrical ratio in any
guadrant, OF will be taken as positive in all four quadrants,
2. Infirst quadrant, ali trigonometrical ratios are positive (see
Fig. 1.3).

; ALY
(i) (D

sin and cosec | Al +ve
+yE ¥
X4 X
{iii} {iv)
tan and cot | cos and sec
+ve Fve

vy
Fig, 1.3

In second guadrant, only sin & and cosec § are positive,

In third quadrant, only tan 0 and cot @ are positive.

In fourth quadrani, only cos 8 and sec € are positive,

. The value of sin & and cos ¢ are such that —1 < siné
< iand -1 < cosd < 1.

7. Buttan 0 and cot & can take any real value.

v B W

. The Graphs of sin and cos Functions

The function y = sin x, where x is any dimensionless quantity, -

is called a sine function. The argument x is usually measured
in radian. The function y = sin x is plotted in Fig. 1.4¢a). The
maximum positive and negative values of a sine function are +1
and 1, respectively. Between x = ( and x = w, the function is

i3 s T g
positive, the peak value of +1 occurs at x = 7 Simitaly, for -

the inferval x = 7 to x = 27, the function is negative and ihe
3 . : h?
negative peak occurs at x = — The sine function is & periodic

function, with a period of 27, That is, the pattern of the graph
repeals Hself after an mterval of 2. Mathematically, it may be

stated as y = Sinx == sin(2w -+ x) = sin{dw o x) = - - and so

0on.
]’ = )J

7 TN dw
/k, AN

) rr‘l2zr/ﬁ\3ﬂ:_4ﬁ‘x 5 \// H \v/
3y SniZ

o w2 @’/ 5;‘[2 U : w2
y=sinx YECOS X
(@) (b -

Fig. 1.4
Ifthe graph of the sine function is displaced to the Eeftthr'(?ugh
-, we get the graph of cosine function: y = cos x as shown in

Fig, 1.4{b). The cosine function is also a periodic function with
a period of 217, '

Some Important Trigenometric Formulae

1. a. sin 0 +cos?@ =1
b, 1+tan?d = sec? o

2. sin(90° — &)y = cos @

4. sin(180° - 0) = sin@

2. Addition and subiraction formulae:
a. sin(lA + B) =sin Acos B £cos Asin B
b, cos(A &= By =cos Acos B FsinAsin B
i {AiB) tan A 4 tan B
¢. tan HE
lx=tanAtan B
3. Muitiple formuiae:
. sin2A = 2sin Acos A
b. cos2A4 = cos? A — sin® A
€ cos2A =1 —2sin® A = 2c08* A = 1
; 2tan A
do tan 24 = ——
1 —tan®* A

Trigonometrical Ratios of Allied Angles

The angles whose sum or difference with angle # is zero or a
multipie of 907 are called angles allied to ¢, Commonly used
T -ratios of some of the allied angles are given below.

1. sin(—8) = —sin b
cosec(—0) = —cosecd
cos(—0) = cos B
see(—8) = secd
tan(~6) = —tanf
eol(—8) = <cotd

coseci90° — d) = sec .
cos(90° — §) = sin @
sec{90" — #) = cosecd
tan(90° — @) = cot &
cot(90° — §) = tan @

uadrant, all T-ratios are.

3. sin(®0° +6) = cos @
cosec(90° + 8) = secf
cos(90° + 6) = —sin @
sec{90° + 8) = —cosecd
@an(90° + &) = —cot 6
cot(90° +- 6y = —tand

cosec{I80° — @) = cosecd
cos(18(° — @) = —cos @
sec(180° — @) = —secd
tan{180° — @) = —tan @
cot(180° — @) = —cot @



Nate. ;

o As angle (1 80° = 9) lzes in 2‘“i quadmnt tkerefare anly:

st @ and cosec ¢ arepacmve g e
IS0 = B0 0 e A

5. sin(180° +0) = —sin @
cos(180° + 6) = —cosf
tan{ 180" + &) = tanf

T 1y
p As angle (180° +6) e i 3“i quadmnt tkerefore
" only tan 0 is. posztwe eg, tan 2,10°'

& tan30°% 0 :

6. sin(270° +0) = —cosd
cos{2707 + #8) = sind
tan{270° 4+ @) = —cot

“Note: - : :
o “As: angle (276“ -2-9} h

o ——c<3530° e

7. sin{360° — ) = —sind
cos(360° — @) = cosf
tan(360° — 0) —tan &

NOtE' L

e Av aﬁgle_.(369° e 9) lfe m fhe 4‘3‘ qaadrmtt the:eforei

nly cos 0 is pos*ztzva

8. sin(360° + 6) = sin 6‘
cos(360° 4+ 8) = cos @
tan(360° + 8) = tan d

Note' i

° Av angle .(360° + 9) Izes m the jzrst quadrant rkerefare:_

= 1/2 and

'Los 30° f /2 determine the valaes of sin 60°, sin 120°,
sin 246°, sin 300°, and sin{-30°). '
Sel.

1. sin60” =7

First, we should deterimine the quadrant in which 607 lies. Itis
obviously first quadrant. Then, we should recall whether sin
in first quadrant is positive or negative. “All Silver Tea Cups™
tefls us that all the TRs are positive in the first quadrant,
therefore, sin 60° imust be positive,
Now, we should write 607 in such a way that it is £30% with
any of the two axes {the horizontal X O X' and the vertical
Yayh. So, we can write sin 007 = sin{90° — 30°),

Now, we can recall from the TRs on the previous page
that sin(90° — 9) = cos #
= $in 607 = sin(90° ~ 30°) = cos 30° = +/3/2.

ta11(180° + 3(1")_'

: % the 4“‘ quadmnt tkere-::
fore only cos 6‘ is posznve, e g # sm 3{)9" = 5:9(2’7(} + 30") _

" Basic Mathematics 1.5

2. Similarly, we can find out the value of sin 120°, This angle
Hes in second guadrant. Tn second quadrant, sin is positive.
Therefore, sin 1207 = some positive value,

‘ V3

=% sin 1207 = sin(90° + 30°) = cos 30° = 8
3. sin 2407 lies in third quadrant. So, it should be negative.

3
= $in 240° = sin(270° — 30°) = — c0s 30° = ‘*%

4, sin 300° Hes in fourth gquadrant where sin is negative.

3
=> sin 3007 = sin{270° + 307) = — cos 30° = —%

5. sin{~30") lies in fourth quadrant, so it should be negative.
= $in(—3") = ~sin 30" = -

Inverse Trigonometric Functions

Inverse trigonometric  functions are also called  anti-
trigonometric functions. These are represented by putting
# supersetipt ‘=17 en the corresponding trigonometric function
whose inverse are to be obtained, e.g.,
. inverse of sin # = x. means @ = sip~ ' ¥
1t is read as “sine tnverse &7, Just as rigenomelric operation
on any angle gives a particular value, inverse trigonometric op-
eration on any value {or number) will return its corresponding
angle. '
Properties of Inverse Trigonometric Functions:
1. sin~'{&in@) = ¥ and sin(sin™!
/2 £ 6 Zr/2and —i
2.e0s7cos 4) = ¢ and cos(cos™
OQ=<d<mand -} <x <1,
3. tan™!(tan @) = @ and tan(tan ' x) = x; provided
~m /2 <@ <x/2and —o0 < x < 0o,

x) = x; provided
< x <, :

L x) = x; provided

¥ind the value of sin~! 1.

Sol. Let y = sin™' 1 = sin™'(sin 7/2) = /2
['osinm/2 = 1 and sinMsingy =6 for ~m/2 <9 < /2]

Find the value of cos™1{~1/2).

2 2
Sol. Let ¥ = cos ™' (—1/2) = cos™! (cos —;{) = «é}i

Preos2m/3) = —1/2and cos ' (cos @) = 0 for 0 < 8 < 7]

BASIC COORDINATE GEOMETRY

If you have to specify the position of a point in space, how will
vou do it? This is the easiest application of coordinate geometry. .
We can give, assign or find ouf exact numerical values of the po-
sition of points, lines, curves, slopes, ete. All thisis done with the
help of coordinate systems. There are many types of coordinate
systems such as rectangular, polar, spherical, cylindrical, ete. Tt
is generally the right handed rectangular axes coordinate system
which you will be using in physics. This system consists of:



1.6 Physics for IIT-JEE: Mechanics 1

1. Origin 2. Axisor Axes

H the point is known to be on a given line or in a particular
direction, only one coordinate is necessary to specily its position;
if it is in a plane, two coordinates are required; il it is in spacc.
three coordinates are necded.

Origin ‘ _

This is any fixed point which is convenient fo you. Say, in a
root, you can cousider any corner of the room as the origin. On
a sheet of paper, you can mark any point on it and consider it as
the origin. All measuremenis are taken basically with respect to
this point called origin.

Axis or Axes

Any fixed direction passing through the ortgin and convenient

to you can be faken as an axis. If the position of a point or
positions of all the points under consideration always happen to
be in aparticular direetion, then only one axis is required. Thisis
generally called the x-axis. If the pesitions of all the points under
consideration are always in a plane, two axes arc needed. These
are generally called x and y axes. If the points are distributed in
a space, three axes are taken which are called x, v, and z-axes. If
x, ¥, and z-axes are mutually perpendicular, the system is catled
rectangular axes coordinate system.

* Important Points

1. Origin can be any fixed point convenient to you. It is
denoted by O,

2. x-axisisany fixed direction passing through the origin and
convenientio you (Fig. 1.5), Thus, it 1s not at all necessary
that the (so called) horizontal line passing through the
origin 1§ x-axis.

O x— : i
(a) )]

et

0 Q

() y (e}

Fig. 1.5

3. Unless otherwise explicitly mentioned, all angles are al-
ways measured from the direction of x-axis (called the
positive direction of x-axis). Positive angles are measured
in anticlockwise direction and negative in clockwise di-
rection,

4. y-axis is any fixed direction passing through the origin
perpendicular to the x-axis, convenient to you. Perpen-
dicufar means making an angle of +90° with the pos-
itive direction of x-axis. Students may leel that once
the origin and x-axis have been fixed, the position of
y-axis also gets fixed accordingly. But, it is not the

“case. y-axis can be any fixed directioh which is in the
plane passing through the origin and the x-axis and
perpendicular (o x-axis.

Thus, x and y-axes can be any direction as shown in

Fig. 1.6.
y
¥ X
90°
(&)
)
X
+90°
5)
€)
Fig. 1.6

3. Once origin, x- and y-axes are fixed, z-axis becomes

automatically fixed. Convenience of the observer goes

~ away. z-axis is the fixed direction passing through the
origin and perpendicular to both x- and );»axcs.

Position of a Point

As vou already know it well, in case of plane coordinate geome-
try, i.e., when the position of a point always remains contained in
a prane {called x—y plane), the position of a point is specified by
its distances from the origin along (or parallel to) x and y-axes,
as shown in Fig. 1.7.

You can easily observe that the coordinates (x, y1 ) (x, ),
(x3, ya), and (x4, v4) in Fig. 1.7 are (4, 2), (—4, 3}, (-5, —4),
and (2, —2), respectively.

Distance Formulae

1. The distance -between two points (xy, yi) and {(x3, v2)

= g — x4+ (02~ )% -
2. The distance of the point {(x;, y;) from the origin

= S yh).

The coordinates of the mid-point of the line joinfﬁg Alx, )

Xp+x2 Y1+
and B(xo. v are ( : 2~~2~, }L—z—}ﬁ)




3 {XSS-)S) ................... 4
Fig. 1.7
Slope of a Line _
The slope of a line joining two points ACx1, y1) and B(xz, 1)
is denoted by m and is given by m == tan @ = u, where ¢
Xy — Xy

is the angle which the line makes with the positive direction of
x-axis (Fig. 1.8},

Blxy, 12}

Fig. 1.8

Straight Line Equations

1. Ax + By + £ =0, is the general form of the equation of a
straight line,

2. Eqguation of x-axisis y = 0.

3. Equation of y-axisis x =0,

4. Equation of a straight line parallel to y-axis and at a distance
a from it is given by x = a.

5. Fquation of a straight line parallelto x~axis and at a distance
b from itis given by y = b.
a. Constant function, x = a (Fig. 1.9).

T}’A

a L
ey —

Fig. 1.9

b. Constant function, y = b (Fig. 1.10).

6. y = mx -+ ¢ is a Jine which cuts off an intercept ¢ on y-axis
and makes an angle 6 with the +ve direction of x-axis in
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Ty.h

It

B
b
X

Fig. 1.10

anticlockwise direction; and m = tan @ is called its slope or
gradient,
7. ¥ =mx, is any line through the origin and having slope m.
a. Whene =0,y =mx
The graph between x and y will be a straight line as x
bears the direct dependence on y (Fig. 1.11).

y
9 .
) Bx
Fig. 1.11
Here, m represents the stope of line,
i) o r == tand
a .dx i O

b. Whene # 0, y = mx + ¢ : :
Graph forthis equation is also a straight line but with a +ve
intercept on y-axis. As when x goes to zero, y accordingly
takes value ¢. So, the straight line will start from y == ¢
instead of origin (Fig. 1.12).

Fig. 1.12

~m = tan @ is the slope of the straight line here also.
¢ Whene=0,m <0, y =mx
Form < 0,6 = 90° (Fig. 1.13).

A ¥

1]
Fig. 1.13

d. Whenc#0,m<O,y=mx+c
Form < 0,8 > 90° (Fig. 1.14). _ )
8. z + % = 1, 13 a line in intercept form where g and p are the

7}
intercepts on the axes of x and y, respectively (Fig. 1.15).

9.y — vy = m(x — x1), is the equation of a line through a given
peint (xy, yi) and having slope m.
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|
Fig. 1.14
¥
r's
1,
e
4‘»_—{1-“#_’ ‘.“‘.‘

Fig. 1.15

Slope
“The slope m of the line Ax + By + C = 0 is given by |

Coefficient of x . — A

H D= e e T
’ Coefficient of y B

P,(6, 15}, Write the equation and draw fhe siraight line
through these points.
Sol.

Step 1. Obtain the gradient which is .

Step 2. ¢ can be found by using the (x, v} vatues of any given -

point.
. Y2 =~ Y1 1517 Height 8
Step 1. Gradient= = = = 2
P racien Xy = X[ 6—2 Distance - 4
So, y =2x4C. D

Step 2. To find ¢, put (x = 2,y =7) 0F (w=10y = 15)in
equation (1). '
T=2x2+tc=c=3
So,m =2, ¢c=3 _
. the equation becomes y = 23+ G,

;,Pzgﬁ, i5)
e |
c= 35 | ; o
Fig. 1.16

Plot the line 2x — 3y = 12,
" Sol, Method 1z 4
Givenl3dy = 2x — 12 = y = ;;x——4

2
“ usiagy:mx+c,m=§and(:x—4

Here, the positive slope (m) means that the angle riade by the
line with x-axis should be less than 90 and negative ¢ means
the line will intercept with negative y-axis (Fig. 1.17).

Consider two points Pi(2, 7) and

¥ig, 1.17

2 4x3
Ify:(),then%—x:é = X o= £ =6

L XY e 2 3y
Meth 2: Us e —=1 AP
ethod [sxnga+b = T

X L
= b i

6 —4

Plot the line —3x ~ 5y = 15.

Sol. Method 1:
Given 5y == —3x — 15

3 i
A ﬂsingy:mx-ivc,ymmgx—ﬂ:%

Here, the slope is negative, i.e., theline makes an angle greater
than 90° with x-axis. As intercept is negative, it indicates that
the line will cut y-axis at negative side of it (Fig, 1.18).

Whenx =0, y=-3
When y =0, x=-35
y
A
5.4 -3 2 -1 |
S T E A e S e
A
L2
-3
1.4
g
Fig. 1.18
' X ¥ S -3x Sy
th 2: U - '—xi’-——————.ﬂ._—_ﬁl
Method sing - + s 3 =
N LY
)



i. Plot the lines: (i) 3x + 2y =0, (i) x~3y + 6= 0.

2. Haparticlestarts moving with initial velocity u = 1 m/s and
with acceleration @ = 2 m/s?, the velocity of the particle at
any time is given by v = u +ar = 1 + 2t = | + 2¢; plot
the velocity—time graph of the particie.

3. A particle starts moving with initial velocity # = 25 m/s
with retardation @ = —~2 m/s®. Draw the velocity—time
graph. :

Parabola: The Quadratic Equations

Let us now discuss graphs of quadratic eguations,

For equation y = ax® + bx + c(where @, b, and ¢ are con- -

stants), the graph between x and y will be an asymmetric
parabola. As long as a # (), this equation represents a quadratic
function. So, what is the simplest quadratic equation? It is
y = ax* (obtained by putting b = 0, ¢ = 0), which is the equa-
tion of parabola.

Conclusion

Equation of parabola is a quadratic equation in its simplest form,
This parabola has its vertex at origin (0, 0) because when we put
x=10, it gives y =0, '
e The graph for y = ax? will be a symmetric parabola about
y-axis. The orientation of parabola will be decided by the
sign of a.

When « is Positive When a is Negative

The ecquation of the | The eguation of the
parabola will be y = ax®. | parabola will be y =(—ax?.
A A
LL, .
X
il X

e If weexchange x and y in thiseguation, i.e., x = ay?, then
the axis of symmeiry changes and becomes x-axis. As we
know this orientation changes as per the sign of a, so the
orientation will be opposite when a is negative,

When « is Positive When « is Negative

The equation of the | The equation of the
parabola will be x = ay?. | parabola will bex = —ay?,
. -}" y
9 x x 0
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e Tor equation with ¢ = 0, v = ax? + hx. The graph be-
tween x and y is an asymmetric parabola, but the orienta-
tion of the graph varies with the signs of @ and b. Let us
take the special case when both @ and & are positive.

When y =0, then x = 0 or x = —b/a. At x = —b/2a,
y is min and g = —5%/4a. 1t is known as vertex (sce
Fig. 1.19).

Plotting Quadratic Equations

1. General quadratic equation sy =ax’ + bx + c.
2. The graph of a quadratic equation is always a parabola,
3. Orientation of graph depends upon sign of a. '

a. When a is +ve, the graph will open up.
b, When a is —ve, the graph will open down.

4. The x-coordimate of the vertex is equal to —b/2a, le.,
x = —b/2a o

5. Put this value back in given equation and find v, Point (x, )
so obtained represents the vertex.

6. Choose two values of x which are to the right or left of the
x-coordinate of the vertex,

7. Substitution of these values will give values of y.
Using these values of (x, y), the graph can be plotted suc-
cessfully. .

Plot the graph for the equation

y = —x% 44y — 1.
Sol. a=-1,b=4, c=—1. As a is negativé, so parabola
should open down.

~h
Vertex: x = — = 2. Put this vaiue of x to get y = 3.

e .
Hence, the vertex of the parabola is (2, 3),
Assume two vatues of x as follows and find corresponding -
values of y.

x 11| -1
y1 2 -6

Points obtained: (1, 2), (—1, —6) -

All points obtained : (2, 3) (Vertex), [1, 2}, [-1, —6]

Symmetry of parabola: Mirror image peints of (1, 2) and
(—1, —6)are (3, 2) and (5, —6).

Now, sketch the parabola as shown in Fig. 1.20.
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k-

Fig. 1.20

: Plot the graph for the equation
y = x — 4x.
Sol. a =1,k = —4. Ag a is positive, so parabola should open
up. As ¢ = {}, s parabela will pass through origin.

Vertex: x = 5= 2, s0 v = —4 = Vertex = (2, -4}

Assaming two values of x,

x| 110
yi-310

All points obtained: (2, —4), (1, =3), (0, 0)

Symmetry of parabola: Mirror image points-of (1, —3) and
(0, 0) are (3, —3) and (4, 0).

Now, skeich the parabofa as shown in Eig 1k

1. Find the vertex of the following qua'dratic equations and

plot the graph:
a.y=x*—8x
b y=-2x>+3 .

C y=21x2—6x+4
2. If a particle starts moving along x-axis from origin with
© initial velocity 1 = 1 m/s and acceleration a = 2 m/s?, the
relationship between displacement and time will be

1 1
Xtut+~2-a122}x1+5 XXt =+

Draw the displacement (x)-~time (f) graph.

DIFFERENTIATION

The purpose of differential caléudus is to study the nature (i.e.,
increase or decrease) and the amount of variation in a guantity
when another quantity (on which first quantity depends) varies
independently. In.our day-fo-day life, we often face such types
of situations, ¢.g., growth of plants, expansion of solids on heat-
ing, variation in the veloeity of a uniformly acceterated object,
growth in the population of a country.

Quantity: Anything which can be measured is called a guantity.

Constants and Variables: A quantity whose valuc remains con-
stant throughout the mathematicat operation is called a constant,
e.g.pintegers, fractions, 7, ¢, ete. On the other hand, a quantity
which can have any numerical value within certain specific lim-
its i called a variable. A variable is usually represented by u, v,
w, x, vy, z, e,

Dependent and Independent Variables: A variable which can
have any arbitrary value within specific limits is called as in-
dependent variable whereas one whose value depends upon the
numerical values assigned to the independent variable is defined
as dependant variable,

Differential Coefficient or Derivative of a Function

Suppose ¥ be a function of x, i.e., y = f(x). BN
The value of the function or the dependent variable y depends
on the value of independent variable x. If we change the value
of independent variable x to x - Ax, then value of the function
will also change. Let it becomes y 4+ Ay. Hence
v+ Ay = fx+ Ax) {iy)
Subtracting equation (1) from (ii}, we got
y+ay—y= f(x+Ax)— flx)
or Ay = f{x -+ Ax) — f(x) (iii)
Above equation provides the change in the value of function
v, when the value of vartable x is changed from x to x + Ax.
Dividing both sides of the equation {iii) by Ax, we get
Ay _ fl+an - f(0)
Ax AXx

(iv}



8

4 i6
Maximum value of v = 6 % 3~ 66X — =

9

8_
2773

« 2
" (by putting ¢ = 3 in y)

On a certain planet, the instantaneous ve-

locity of a ball thrown up is given by v = 2f — 6 (visin ms™!

and ¢ is in sec).
1. Find the expression for the displacement of the particle,

given that the particle started its journey at x = I m.
2. What is the value of g on the surface of this planet?
Sol. 1. To find the displacements, we need to integrate the ve-
locity, i.e.,

1—]vdrm/(21-6)dt mw6r+cmf“w6.f+f
where ¢ is the constant of i mt{;grdtzon. Its value can be calculated
from the given boundary condition that x = 1, = 0.

= c=lm=>x=1"—6t+1]

2. g is acceleration due to gravity. So, to find acceleration we

need to differentiate velocity.
dv P
g = — =2ms""
dt
So, the acceleration due to gravity on the planet under con-

sideration is 2 m/s—2

As p=2f-6=

Let the instantaneous velocity of a rocket,

just after landing, is given by the expression, v = 2¢ + 3%
(where v is in ms™! and ¢ is in seconds). Find out the distance
traveled by the rocket from? = 2sto ¢ = 3. )
Sol. To find distance traveled we need to integrate v. [The limits
of integration wili be from 2 to 3 as we have to find the distance
traveled betweenr =2 sand =3 s.

3 3 22 gy
}Jz/ udt:/ (2t -+ 3th)dt = mt“_ wi
2 2 3 l

= fz‘2+t3lz =24 m

A particle moves with a constant accel-

eration @ = 2 ms~? along a straight line. I it moves with an
initial velocity of 5 ms™', then obtain an expression for its
instantaneous velocity.

Sol. We know that acceleration is time rate of change of veloc-

o b du
ityite,, o=

( . . -
integraticn. So, by integrating acceleration we can obtain the
expression of velocity.

So, v::fadl:Z]dthrJ;-c

where ¢ is the constant of integration and its value can be ob-

tained from the initial conditions.

Atr=0,u=5ms . Wehave 5=2x0+¢

= c=5ms!

Therefore, v=2f + 5is the ;cquncd expression for the instan-
taneous velocity.

and differentiation is the inveérse operation of
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fmw %ﬁz % In the previcus problem, if the particle
occupies a position x =7 mat? = 1s, then obtain an expression

for the instantaneous displacement of the particle,

Sol. Again, we can use the idea that displacement is the integra-

tion of velocity w.r.t. time.
272 ,
So, x = [ vdt mf(2?+5)dt = -5*+5I+C=I"+SI+ ¢

whcre ¢ is the constant of integration. Its value can be determined
by using the given condition. {As particular details have been
given about the particie.)

Atr=lsgx=Tm=7=12+5x]l+ec=c=1m

Hence, the expression becomes x = 12+ 51 + |

P C'Qricépt_ Application‘Exercise 1.6

1, Displacement of a particleds given by y = (62% + 3¢ 4 4) m,
where ¢ 1s in secondsCalculate the instantancous speed of the
particle.

2. The velocity of a particleds given by v = 12 + 3(t + 7¢%).
What is the acceleration of the particle?

3. A particle/Starts frem origin with uniform acecleration. Its
displacementaficr ¢ seconds s given in meter by the relation
x =2+ 5t + 7. Calculate the magnitude of its

a. initial velocity,
b. velocity at r =4 g,
¢. uniform acceleration, and
d, displacement atr =5 s,

4. The acceleration of a particle is given by a = 17 =32 +5,
where ¢ isin ms™? and 7 in sec. Atz = Is, the displacement
and velocity are 8,30 m and 6.25 ms™!, respectively. Cal -
culate the displacement and velocity at f = 2 sec,

5. A particle starts moving along x-axis from 1 = 0, its position
varying with time as x = 2% — 3% + 1.

a. At which time instants is its velocity zerg?

b. What is the velocity when it passes through origin?
6. A particle moves along x-axis cbeyving the equation
i x = t(t — 1}{t — 2), where x is in meler and ¢ is in second

a. Find the initial velocity of the particle.

b, Find the initial acceleration of the particle.

¢. Find the time when the displacement of the particle is zero.

d. Find the disptacement when the velocity of the particle is
Zero.

¢, Find the acceleration of the particle when its velocity is
ZET0.

7. The speed of a car increases uniformly from zero to 10 ms™!
| in 2 s and then remains constant (Fig. 1.29).

| a. Find the distance traveled by the car in the first two
% seconds.
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vims )
A

L)
Fig, 1.29

b. Find the distance traveled by the car in the next two
seconds.
¢. Find the total distance traveled in 4 s,
8. A car accelerates from rest with 2 ms™2 for 2 s and then
decelerates constantly with 4 ms™? for # second to come to
rest. The graph for the motion is shown in Fig, 1.30.

a (ms )
4

]

Fig. 1.30

a. Find the maximum speed attained by the car.
b. Find the valuc of £.

9. A stationary particle of mass m = 1.5 kg is acted upon by
a vartable force. The variation of force with respect to dis-
placement is plotted in the following Fig. 1.51.

a. Calculate the velocity acquired by the particle after getting
displaced through 6 m. y ‘

b. What is the maximum speed attained by the pariicle and
al what time is it attained?

19, A body moving along x-axis has, at any instant, its x-co-
ordinate to be x = a + bf + ¢t*. What is the acceleration of
the particle?

11. The displacement of a body at any time r after stagting is
given by s = 15¢ — 0.41°, Findghe time when the velocity of
the body will be 7 ms™".

12. A particle moves along a straight line such that its displace-
ment at any timey is given by s =2 — 612+ 3t + 4 m.
Find the velocity when the acceleration is 0.

13. The coordinates of-a moving particle at time ¢ are given by
x = ¢t andyp=5t>, Find the speed of the particle at any

time ¢.

By

14. The displacement x of a particle moving in one dimension
underthe action of a constant force s related to time 7 by the
cquation r = ./x + 3, where x is in meter and ¢ is in seconds.
Find the displacement of the particle when its velocity is zero.
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In physics, various quantities are broadly classified into two
categories:

1. Scalars, and 2. Vectors.

SCALARS

Scalars are those physical quantities which have magnitude only
but no direction. For example: mass, length, time, work, ete.

VECTORS

Vectors are those physical quantities which have both magnitude
and direciion. For example: velocity, acceleration, momentum,
force, etc.

Further, vectors can be of two types:

1. Polar vectors: These are vectors which have a starting point
or a point of application,
For example: velocity, force, linear momentum, etc.

2. Axial vectors: These are vectors whose directions are along
the axis of rotation. )
For example: angular velocity, angular momentum, torque,

alc.

1se of vectors: Many laws of physsf,s can . be f:XplBS‘;Qd in
compact form by the use of vectors. In this way, the complicated
laws are greatly simplified and then they become easier to apply.
Forexample: ¥ = ma, T = I, F e gv x B, etc.

REPRESENTATION OF VECTOR

A vector is represented by a directed line segment, with ap arrow
head. For exanple, a vector # is represented by a directed line
PQ (see Fig, 2.1).

Fig. 2.1
Point P is called tail or origin of the vector. Point (2, the end
point of vector, is called #ip, head or terminal point of the vector.

1. The length of the line represents the magnitude of the vector,
2. The arrow head represents the direction of the vector.

NOTATION OF VECTOR

1. By single letter with an arrow overhead,
For example: Force can be represented by T and its magni-
tude is represented as E? 1 '

2. By bold letters.
For exampie: Force can be represented by F. In this case,
magnitude is represented in the same way as above such as

1?‘ or by same symbol, but lralic F.

INTRODUCTION TO DIFFERENT TYPES OF
VECTORS

Collinear Vectors

The vectors which either act along the same line or along the
parallel lines are called collinear vectors. These vectors may act
either in the same direction or in the opposite direction.

Parallel Vectors

Two collinear vectors having the same direction are cailed par-
allel or like vectors (see Fig. 2,20 Angle between them is (°.

T B 5 .
e
—
=
Fig. 2.2

Antinaralflel Vectors

Two collinear vectors acting in opposite du'cctu")ns are calied
antiparaliel or opposite vectors (see Fig. 2.3). The angle between
them is 180° or = -rddiagn.

S

Fig. 2.3

Equal Vectors

Two vectors are said to be equal vectors if they havc u]ual mag-

nitude and same direction. Two equal vectors A and B are rep-
resentted by two equal and parallel lines having arrow heads in
the same direction (see Fig, 2.4).

Fig. 2.4

Negative of a Vector

A negative vector of a given vector is a vector having same
magnitude with the direction opposite to that of given vector
{sce Fig. 2.5). The negative vector of A is represented by — A,
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Fig. 2.5

Coplanar Vectors

These are vectors which lie in the same plane. In Fig. 2.6,
: B ., and are acting in the same plane, i.e., XY plane,
so they are coplanar vectors.

Fig. 2.6

Unit Vector

It is a vector whose magnitude is equal to unity (one). A unit
vector in a given direction can be obtained by dividing a vector
—>
in that direction by its magnitude. Unit vector of A s writien as
A and is read as A cap.
e

~ A - 5 - .
S0, A = e where A is the unit vector along the direction of

.
A )

The direction of unit vector will be same as that of the vector
from which it is obtained, It means A is parallel to A

Also, from above: Ai = AA or

veotor = magnitude x divection :

In every direction, we can obtain a unit veetor. In x| v and

'z directions, unit vectors are predefined (Fig. 2.7}

Fig. 2.7

i is the unit vector along x-axis,

} is the unit vector along y-axis, and

k is the unit vector along z-axis.

Now, a unit vector im any other dir ection can be (}btamed in
terms of 1., j, and £ as shown in the next section.

Veciors 2.3

Expression of a Vector in terms of I, ;, and k and
Magnitude of a Vector

¥

Fig. 2.8
Suppose a particle goes from O to A, 4 m along x-axis; A to B,
2 m along y-axis; and then B to C, 5 m along z-axis (Fig. 2.8).
Finally, the particle reaches at C.

Coordinates of C: (4, 2, 5) m
We can write: OA =#7, A5 =27, and BC = 5k,

(3 is the initial position and € is the final posmon OC is the
net displacement, which is the resultant of OA I} and BC.

So, we can waile: 00 —= OA + AR + BC
L., OC= 4] +27 + 5k
(Henee, hete we represent _(—)%' i terms of f, } and §:.)

Magnitude (modulus) of TC: Tt is written as 158‘! or OC.

In AUAB: OB? = OA® + ABZ
In AOBC: OC? = 0B? + BC? [ £ OBC = 90°]
= 0C? = 0A* + AB® + BC?

= OC = JOAL £ AB? & B2

_ VETTFTR = Va5
::» ()(, = “Z‘; = «/—- 5. This is the ma.cm[udc of “E

06 4z+2;+3k

~oc «/45
4, 2 3
=B s «/m—

(Hence, we express a unit vector in the direction of O ( interms

of I, J and k.)
Important: Direction of OC and OC will be same,

Now, in general, if we have a point P in space whose coordi-
nates are x, v and z, then a vector from origin O to P is known

* as position vector of P w.rt, origin O (Fig. 2.9). We can write:

?w_(j?’mxf-kyj—é—z[};:
Magnitude: r = OP = /x% + y2 + 22,

. . P oxid+yj+zk
Unit vector; F = — = i )
)
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¥

Pty

T T
N

Fig. 2.9

Position Vector and Displacement Vector
Consider two points A and B in space whose cecordinates are
(x5, 1, 21) and (xa, ¥, 72), respectively (Fig. 2.10).

Position vector of A: OA = 7 = xii + nj + 21k,

¥

A (xy 1,21}

-
¥l

S

P(mtmn vector of B: —E =T} = xl + ) + 2ok

Position vector provides us some important information:
It gives an idea about the direction and the distance of the point
from origin in space,

B (g y2 Z'}}

P x

L

g. 2.10

Now consider a particle which goes from point A o B. Then, '

AB = d is displacement vector of the particle. Displacement
vector is that vector which tells us how much and in which di-
rection an object has changed its position in a given interval of
tine.

Here, 77 1s initial position vector of the particleand T s final
poszﬁon vector of the particle.

.+, displacement vector = final position vector — mmal position

vacior
o d =73
=5 d = (x—x)b+ (32 — 1)) + @ — 2k

e Position vector is also known as radius vector.

o If A and B are two points whose coordinates are
(x:, ¥1, 21) and (x3, y2, z2), respectively, then a vector
from A to B is given by (Fig. 2.11):

A = (xy ~ X)) 4+ (2 — y1)] + (22 — 2k

B{x2, ¥2 22}

Alrg, pra21)
Fig. 2.11

o A vector can be completely zero, if alf of its individual

components are zero, For example: let a vector
= ayi + ] + askis given. If A =0, then it is possible

only fa; =0, a; =0 and g3 = 0.

e If two vectors are equal, then their individual components
are also egual separately.
For example: Let two vectors A = i +az] + azk and
B bii + by + bak are given. If , then
ay = by, as = by and a3 = by (butif A = B, then it means

JR R

2 2 B
\/al + a5+ di =

A particle initially at point A(Z, 4, 6) m
moves finally to the point B(3, 2, ~3) m, Write the initial
position vector,final position vector and displacement vector
of the particle.

Sol. Initial positionivector: 7y = 57 47 i b ok
Final position vector: 7y = Af 2] — 3k
Displacement: d——fz rf = {3 — D35 (D= 4)1—%—(_3"—6}1'2

A particle has the following displace-
ments in succession: (i) 12 m towards east, (ii} 5 m towards
north, and (iii) 6 m vertically upwards. Find the magnimdé
of the resultant dispiacement.

6m

/ 1Zm ?E
C Fig. 2.12
Sol. From Fig. 2.12:d = 12{ + 5] + 6k,
Magnitude: d = /122 + 52 + 6% = V2053 m

Determine a vector which when added to

the resultant of A = 2{ + 5} ~Fkand B =3i - 5}' - gives
unit vector along negative y-direction,

Sol. Let C be the vector whxch we have to find.
Then, given: (A+ B) +C =

= @ +5i-b+@3i-5] mk)+€‘ =]
= C=-5]-7+2k



Resultant Vector

The resultant vector of two or more vectors is defined as that.

single vector which produces the same effect both in magnitude
and dirvection as produced by individual veciors taken together.

4m
Fig. 2,13

Example: Let a person goes from OtoP traveling 4 m and
then P to ¢ traveling 3 m perpendicular to OF. The person
could also go directly from O to @, traveling 5 m (Fig. 2.13).
In both the cases, displacement of the person would be same.
Here, @ produces same effect as produced by OF and -é
taken together.

So, OO is called the resultant of OF and PO, We can also
write Og = 0P + PO

A

ddition. -

We cannot write 00 = OP + PQ because OQ = 5 m and
OP +PQ =44+3=7Tm

1. 1f two vectors A and B are parallel, then we can write
B =mA, where m is a number. If vectors are parallel
then m is +ve and if vectors are antiparallel, then m is —ve
(Fig. 2.14).

—
4
wwwmw}

T

v

parallel vectors
g

A
—

=3

@ i
antiparaiiel vectors

Parallel or antiparallel vectors
are known ageollinear vectors

Fig, 2,14

2. If two vectors are parallel, then their unit vectors are equal,
Le, A = B and if two vectors are antiparatlel, then we
have A = —B.

- -

3. 0f thtee V{:Ltorq A, B, and (, are coplanar, then we can
write: A = nt B +n C, where m and » are some numbers.
Minimum nuember of unequal vectors whose sum can be
zero is three and these three vectors must be coplanar.

directions or iﬂ different pianes, then we can write:

cuy iy e

A=mpB +sz + pD, where m, n and p are some num-
bers. The resultant of three non-coplanar vectors can never
be zero. The minimum number of non-coplanar vectors

4. If four vectors —X —E) _5 and f) are in any arbitrary

whase s can be zero is four.

-

Vectors 2.5
P =2l —bj+2k and
Q=i+j+k are parallel. Find the value of b.

Sol, If P and O are parallel, then we have P
is some number.

“Two vectors

= m), where m

= ~bj+2%k=mi+]+h

] —b] 4+ 2k =mi +m]+mk

Equating the components of { and j from both sides: m =2
and —b = m = b= 2

If vectors 2i + 2} ~2k, 51 + y} -} I},

and f +. 2_}' + 2k are coplanar, then find the value of y.
Sol. If ;1, E%, and C are coplanar, then we have: A= mB - na‘
= 20 +2] —2k=mGi+y] + b +n@ +2j +2b)
=5 2] + 2}' — 2k =0Cm+n)i+ (hzy + 2n);f +(m+2mk
Equating components of ¢, 7, and k from both sides:
S+ a=2, my+ 2n =G0y 2n =2,
Solving them, we get: m = 2/3, a = —=4/3and y = 7.

ADDITION OF VECTORS

How to Add Two:Vectors Graphically (Tip to Tail
Method)

1. Draw.the two vectors by arrow head lines using the same
suitable scale. '

2. Put the second vector such that its tail coincides with the head
ortip of the first vector.

3. Now, draw a single vector from the tail of the first vector to
the head of the second vector. This single vector represents:
the resultant of the two vectors.

Let us discuss some cases:

1. When two vectors are acting in the same direction (Fig. 2.15),
Let the two vectors % and ¥ be acting in the same direction.

, 2y b
i __)'t_’____}___b‘
__’ o o
Bl T Ry
(&) (b) ©
Fig. 2.15

2. When two vectors are acting in opposite directions:
To find the resultant, in this case, coincide the head of = on
the taif of 3 and then draw a single vectors R from the tail
of ¥ to the head of 7. The vector R gives the resultant of
vectors T and ¥ (sce Fig. 2.16). ’

-3

}f
[ TR S
»d . P
¥ J? x ¥ jg)._ P & 5?)
{a) (b} (e)

Fig. 2.16
The direction of the resuitant vcetor is the same as that of
bigger vector.
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3. When two vectors are acting at some angle:
First join the tail of 7 with the head of ¥ and then, to find
the resultant in this case, draw a vector B from the tail of ©
to the head of 7. This single vector R drawn is the resultant
vector (Fig. 2.17).

=P
y/
i B
X

Fig. 2,17

"B represents the resultant of X and 3 both in magnitude
and direction. S0, B = % + o

TRIANGLE LAW OF VECTOR ADDITION

If two vectors can be represented both in magnitude and dircction
by the two sides of a triangle taken in the same order, then their
resultant is represented by the third side of the triangle {both in
magnitude and direction) taken in reverse direction.

Fig, 2.18

Suppose ¥ and ¥ are two veclors acting on a particle at the
same time. They are represented as two sides of a triangle and
B represents the third side (Fig. 2.18).

Thus, R represents the resultant of ¥ and 'V both in mag-
nitude and direction. So, we can write: R =% +

PARALLELOGRAM LAW OF VECTOR
ADDITION

It states that if two vectors can be represented both in magnitude
and direction by two adjacent sides of a paralielogram, then
the resultant is represented completely both in magnitude and
direction by the corresponding diagonal of the paralielogram.

(1) Consider two vectors ¥ | (ii) Draw these two vectors
and ¥ as shown. ¥ and ¥ from a common
point 0.
B
s w3
/ :
- o 2 A
X X
{a) (b}

(iii) Now complete the llgm | (iv) Draw the diagonal OC
as shown, which represents resultant
of ¥ and_g? :
OC = OA + OB
So. R=7%+7F
B C ¢
Recd
¥y
G = ¥ A
X
()

ADDITION OF MORE THAN TWO VECTORS

For this, we can use following steps:

1. Represent these vectors by arrow head lines.using the same
suitabile scale. .

2. Putthese vectors in such away that the head of one coincides
with the tail of second and so on'to the last vector. ’

3. Then, draw asingle vector from the tail of first vector fo the
head of the last vector,

4, This single vector represents the resultant of all the vectors.

The above mentioned process may be known as polyvgon law
of vegtor addition. 1t states that if any number of vectors act-
ing op a particle at the same time are represented in magnitude
and direction by the sides of an open polygon taken in order,
then their resultant is represented both in magaitude and direc-
tion by the closing side of the polygon. Consider four vectors
W, T, V., 7 asshown in Fig, 2.19(a).

w)
\

(&}
Fig. 2.19

Then, B = % + T + ¥ + 7, as shown in Fig. 2.19(b),
represeats the resultant of W, %, ¥, and 7.

VECTOR ADDITION BY ANALYTICAL METHOD

Here, we will treat both triangle law and the parallelogram faw of
vector addition analyticaily to find the resultant of two vectors.

1. Analytical treatment of triangle law of vector addition:
Let us consider two vectors P and acting simultaneously
on a particle and inclined at an angle ¢, Let these vectors be
g_{;__}presenied bath in magnitude and direction by the two sides
04 and AC of AOAC taken in same order. Then, the third side



ocC represents the resultant (taken in opposite order) (Fig. 2.20).

Fe

_ Fig. 2.20
Draw CN L. ON (extended),
From the right angled ACNQO, :
0C? = R? = ON? + NC? = (OA + ANY? + NC?
= RYP=(P+ ANY + NC? (D
In right-angied AANC,

NC AN
sind = o = NC=Qsinfandcostd = il

= AN = Qcosf

From equation (i) B2 = (P + Q cos8) -+ 0%sin’9

= R*= P> 4+ (0%0s8%04+2PQcost + O*sin’ 6

= R'= PP+ 07 (cos? +sin*0) + 2P cos

= RP=P 4+ Q°+2P0cosO [ cos?d +sin’ @ = 1]

=  R=/P?+0?+2P0cosd ()

The equation of the magnitude of the resuitant vector can be
writlen in either of the following two ways.

L) 7= 7]+ 8] 2|8 eoso
2|7 +8]= /|[ +[8[ +2[P| [B]eoss

Let B be the angle which ® makes with P. T hen,
) g Y NC 0 sin @
an f o= e 2 b, .
ON  OA+AN P+ Qcosd L
oo B =tan”! (M) —_— ('Q:!_Ei:lﬁ :
P+ Qcosd 173)14-]310039

which gives the direction of the resultant vector,

2. Analytical treatment of parallelogram law of vector ad-
dition: Let us consider two vectors. £ and O acting simulta-
neously at a point and let us further assume that they can be
represenied both in nlzigzgtgdc and direction by the two adjacent
sides of a parallelogram OA and OB inclined at an angle 8 w.r.t.
each other. Draw CN L ON (extended) (Fig. 2.21).

Remaining procedure is same as above in triangle law.

Vectors 2.7

or ! R i = H P ! - 1 _@ “ which represents the magnitude

Case 1. When the given vectors act in the same direction
¢ =07).

So, R = /P + Q% + 2P 0 cos 0° [From equation {ii)]
=P+ 02+2P0=J/(P+ 0P =P+Q
[ cos " =1
or 1 il l E= i P 1 4 I mﬁ ; which represents the magnitude of

the resultant.

Case 2. When the given vectors act in opposite directions
(6 = 1807}

S0, R=+/P2+ 0% + 2PQ cos 180° =/ P2 + 0? — 2PQ
=/ (P~ 07 [.cos 180° = ~1]

R=+(P-Q)=P—Q or O~ P

of the resultant.

Case 3, When the given vecters P and 6 act at right angle
to each other (8 = W

R = Phg 07+ 2PQ cos 9° = /P2 + Q2

I cos 907 = 0]

2 Q sin90°
{ 1 tc W e
ind tan f P+ O cos90r

fersings 90711

o [RIBYIP[ + 2]

Or fan ff = %
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Two forces of 10 N and 15 N are acting

at a point at an angle of 45° with each ether. Find out the
magnitude and the direction of their resultant force.
Sol. Given A= 10N, B= 15N, g=45°

Magnitude of resultant force: R = /A% + B2 + 2AB cos 0
=109 + 152 +2 x 10 x 15 x cos45° =23.76 N

Fig. 2.24
‘ Bsiné 15sin45°
Direction; tan o = — S b =0.5147
A4+ Beosf 10+ 15¢cos45°

= @ =tan~(0.5147) = 27°

Two forces of equal magnitudes are act-

ing at a point. The maghitude of their resultant is equal to
magnitude of the either. Find the angle between the force
vectors.

Sol, Given R = A = B. Using R? =
A= A2+ A7+ 2AA cosd

=>4 = 120°

A%+ B2+ 2ABcosB,

=5 COS 6 = _“E
_ 2

Condition for Zero Resultant Vectors

1. The resultant of two vectors can only be zero if they areequal
in magnitude and opposite in direction (Fig. 2.25).

Vi N -
Ay F=_i
5 -
E A+B=0
Fig. 2.25

© 2. The resultant of three orsMore vectors can be zero if they
constitute a close figure When taken in same order (Fig, 2.26).

Fig. 2.26

Show that the vectors P = 3i — 27 + k,

Q =1i—3] +5kand R =2i + ] — 4k form a right-angled
friangle.

Sot. P =3+ (=22 + 12 = /14,
Q=12+ (=3 45 = V3,

=]
L

Fy
&

Fig. 2.27

and

R= /22 4 123 (=4 = 21

Weseelhat P = O + Rand Q% = P? + R? is satisfied. Hence,
they will form a right-angled triangle, with O as hypotenuse and
# and K the other two sides as shown in Fig. 2.27.

Lami’s Theorem

It states that if the resultant of three vectors is zero, then mag-
nitude of a vector is divectly propertional to the sine of angle
berween the other two vectors {see Fig. 2.28}. Or it can be stated
as if the resultant of three vectors is zero, then the ratio of mag-
nitude of a vector to the sine of ang[e berween the other two
veclors Is constant, i.e.,

A B ¢

sinw

T osinff

sin ¥

Fig. 2.28

Given that A + B+ ¢ = 0. Out of three

vectors two are equal in magnitude and the magnitude of
the third vector is +/2 times that of either of the two having
equal magnitude, Find the angles between the vectors.

Sol. Given A = B, C = V2A = /2B = B. From Fig. 2.29:
a=fanda+B+y=180° =y =180"-2a

2
Apply Lami’s theorem: R
pply Lami’s theorem S wny
A V2 A '
= : = -
stng sin(180 — 2a)
1 V2
= e =
sing - sin 2o
1 V2 1 5
= R = COSO = —= wh of == 45
sing  2sinacoso NG
= B =453 and y == 180° — 2o = 90°

Fig. 2.29



-+ -

Angle between A and B = 180" — y = 90°, angle be-
tween B and € = 180 — & = 135°, angle between C and
A = 180° — § = 135",

Concept Application Exercise 2.1

1. A force of (20 +37+k) N and another force of
(i + J + k) N are acting on a body. What is the magni-
tude of total force acting on the body?

2. Ifd =30 +4) andbh =7} + 247, then find the vectorhav—
ing the same magnitude as that of b and parallel to 4.

3. Inthe vector diagram given below (Fig. 2.30), what is the
oo B
angle between A and B7 {Given: € = ?2_}

b
oy

-

Fig. 2.30
4. What is the ang[e made by 3i -+ 4; with x-axis?

5. Three forces A = (i + J + &), B = (2 — j + 3k), and
C are acting on a body which is kept at equilibrium. Find
C.

6. At what angle should the two force vectors 2F and /2 F
act so that the resultant foree is v/ 10F?7

7. Two forces while acting on a particle in opposile direc-
tions, have the resultant of 10 N. If they act at right angles
to each other, the resultant is found to be 50 N. Find the
two forces.

8. Two forces each equal to F/2 act at right angle. Their
effect may be neutralized by a third force acting along their
bisector in the opposite direction. What is the magnitude
of that third force?

9. The resultant of two forces has magnitude 20 N. One of
the forces is of magnitude 20 /3 N andmakes an angle of
30° with the resultant. Whatds the magnitude of the other
force?

16¢. The sum of the magnitudes of twe vectors is 18, The mag-
nitude of their resultant is 12. If the zesultant is perpen-
dicular to one of the vectors, then find the magaitudes of
the two vectors.

RECTANGULAR COMPONENTS OF A VECTOR
IN TWO DIMENSIONS

When a vector is split into two mutually perpendicular direc-
tions in a plane, the component vectors are called rectangular
components of the given vector in a plane.

Fig. 2.31 shows vector A represented by O op.

Vectors 2.9

v
A
N P
A
[
S B X
o Al’ M
Fig. 2.31

Component along x-axis A, = A cosd
(Horizontal component) (13

Component along y-axis A, y = Asing
_ © (Vertical component) (2)

So, A=A +A =Ai+4,]

Squaring and adding equations (1) and (2), we get

AL+ A% = A%sin® 0 + cos” ) = A

PM A,
= A= JAZ4 AL and tanﬁfzmmi—

So, knowledge of components of a vector gives information
about angle which the vector makes with different axes,

A force of 10 N is inclined at an angle

of 30° to the hovizontal. Find the horizontal and verfical
components of the foree.
Seol. Let R =10 N, Horizontal component:

R, = Reos30° = 104/3/2 = 53N
Vertical component: Ry = Rsin30° = 10/2=5N

The x and y components of vector A are
and 6 m, respectively. The x and y components of vector -
A+ Barel0and9 m, respectively. Calculate for the vector
B the foliowing,s (i) its x and y components; (it) its length,

assuming thatA and B liein x — ¥ plane; and (iii) the angle
it makes with the x-axis.

Sﬂl.UlvenAm4z~%~6J (H
and A + B = 10{ +9j )
Subtract equation (1) from (2), we get B = 6 -+ 3}'

1. Hence, x and y components of B are 6and 3 m, respectively.
2. Length of B = magnitude of B = 6% + 32 = 3/5 m.
3. Let B makes an angle o with x-axis, then tan o = 3/6.

= o = tan" 1 (1/2) = 26.6°

RECTANGULAR COMPONENTS OF A VECTOR
IN THREE DIMENSIONS

When a vector is split into mutually perpendicular directions in
3-D space, the component vectors obtained are called rectangu-
lar components of the given vector in 3-D space.

Fig. 2.32 shows vector A represented by 0P,

Here, A = A, + Ay + A, = A+ A,] + Ak

The magnitude of A is given by, A = \/Az + Az A2
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4
i
3

Fig, 2.32

Direction Cosines _

Let A is a-point in space whose coordinates are (x, ¥, z), then

its position vector w.r.t. the origin of coordinate system is given
- = & = s .

by: 7 = OA = xi + yj + zk (see Fig. 2.33).

Andr = OA = /x2 £ y2 + 22

Angles of 7 with x-, y- and z-axis, respectively, are given
: g

by:
il ¥ i
cos@ = — =, COsfi= " =m,Ccosy = — =1
r r

¥Fig. 2.33
The direction cosines [, m, and » of a vector are the cosings’
of the angles «, B and y which a given vector makes with X-,
y-, and z-axis, respectively.
Now, squaring and adding I, m, and

Y
; o, M
cos® @ + cos® B+ cos? y = s
r
' 2
or . !Z—i—m2+n.2mjr.—l
;

It means the sum of squares of the directioncosines of a vector
is abways wnity,

Given & = 51 + 2 + 4k. Find: () | A |

and (i) the direction cosines of vector A.

Sol, R ) o L
M) As A =Si+2]+4k= 1A= VIE+4+16=445
{ii)cosa—-l—-£-m5w co«;ﬁ—m—:‘immﬂ
B Y A )

cos wn—fl-__i_

$y = o
PRODUCT OF TWO VECTORS

There are two ways of vector multipiication.

1. Scalar or dot product
2. Vector or cross product.

Scalar or Dot Product

The scalar or dot product of two vectors A and B is defined
as the product of the magnitudes of two vectors and the cosine
of the smaller angle between them (Fig. 2.34). Tt is given by
A B = ABcosH.

53
I

Fig. 2.34

1. If6 =0°, A - B = AB (maximum value)
; [rcos0® = 1}

2. 1f0 = 180°, A - B = —AB {negative maximum value)
, [ cos180° = —1]

3. If8 = 90°, A 8= 0 {minimum value)
[ cos 907 = 0]

So, if two vettors are perpendicular; then their dot product
is zero.
4, If ¢ is acute, then A I} is +ve.
[ cosd is +ve when @ is acuie]
5. If@is obtuse, then A - B is —ve.
[ cosf is —ve when 8 is obtuse]

Dot Product of Unit Vectors Along x-, y-, and
z-directions '

Dot product of a unit vector with itself is unity and with other
perpendicular unit vectors is zero (Fig. 2.35).

?-?::]-}:fc-fcml.and
Poi=Ji=7k
=k j=k-i=i-k=0

In component form, the product is expressed as:
Let A =Ad+ AJ+ Ak B =Bd+ Bj+Bk
Then
A B =(Ad + A+ ARBI + B+ Bk



= A (B + ByJ + B.k)+ A J(Bl + By ] + B.R)
+AK(B I+ B,] + Bk
So, X B = A B D+AB G DHABGB+ABL D
+ AByG D+ ABAG R+ ABk- D)
+ A Bk D)+ A Bk By = AB,
+ AyB, + A, B,
or A B =AB+AB, + AB,

Find the dot product of two vectors
A=3+2] —dkand B =27 — 3] — 6k.
Sol. AB =3 x 242 x (~3) + (—4) x (—6) = 24
Dot product of a vector with itseif
A vector Is parallel to itself. So, the angle of a vecior with itself
18 ZL10. _
A A=AAcos0® = A2 [ cos0° = 1]
Hence, the dot product of a vector with itself is square of its

magnitude.-
2 = Sy
= |Al=vi A

For example: iP +0| =P+ 0) P+ D)
{Taking A=P+ 2}

We can alsowrite: A - A = 1A

= |Prof=G+D-¢+d

g e & :
= [P+ =P 407 42P 0= P+ QP+ 2PQc0s0

G mdR - 4
Similarly, *P = Q] = Pry Q2-2P .0
= F”~}~Q2 2PQcosd

_Important Points

1. Angle between two vectors can be calculated from
AR arby + arbr + aaby

cosl = —— =

AB \/az +aj +a§\/bf +05 4 b7

Zi If r;l + B B };% B l, then angle between A and B is
90°,
Proof: Given | A __i E’i
PR - a2

Squaring both sides, we get |A + I qu -~ B
= A4+ B 42A.B=A+ B2 2A-1§

= 4A-B=0
wy © A B =0 Henge, Ais perpendicular to B

3. If (;% + B’) . (;& - I;’) =0, then A and B are eqgual in
magnitude, fe, A= 8B,
Proof: Given (;i + I§) (;1 f?) 0
= AA-AB+BA-B. B=0= A2~ 52 =0
= A?’=8' = A= B. Henceproved.

- Vectors 2.11

4. We can find addition of two vectors using dot product:
InFig. 2.36, R = A + B.

Fig. 2.36
> [f{=[i+3
12
=
= R'=(A+B)-(A+B)=A"+B>+24 B

S R=vVA '+ B +2A-B= A J B2+ 2ABcos @
Similarly, we can find subtraction of two vectors also.

%ﬁ?%%%af%%ﬁ%i‘%‘ ;é if the sum of fwo unit vectors s a unit

veetor, then find the magnitude of their difference.

8ol Let 4, and 71, are the two unii vectors, then their sum is
g =7 +fy = A= ni+nd+2nnc086
= L+ 14+ 2cos8

Since it is given that fig is & unit vector, so ng = I, Therefore,

I
l= b4+ 14+ 2co88  =5cosl = =

=4 g

Now, the difference vector is By = | — ity
S WG =Rt 4+ ns - 2nn0088 = 14 | — 2cos(120°) = 3
= g = \/—j -

Find the value of m so that the vector

3: - 33 s k may be perpendicular to the vector
2 +6f i+ mk,

Sol. For the vectors to be perpendicular their dot product has to
be zero.
(3i """"2] +0)- (21 +61 +mk) == ]

= 6-124m=0 = m-6=0= m=06

Vector or Cross Product

Cross product of two vectors A and B is equal to the product
of the magnitudes of A and B and sine of the shortest an-
gle between them, Le., x B = ABsinf i, whete il is the
unit vector which represenis the direction of Z‘\) x B and it is
perpendicular to the plane containing A and B. It is given by
right handed screw rule depicted by Fig. 2.37. Note that 4 is
perpendicular to both A and B.

Magnitude of A x B: E;l b4 E’! = ABsin@

From here, we can write: A X B = {;1 x BlA
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1
i
1
1
b

1 Normal to the plane
-y =3

| Aand B
i

Unit VYectors and Their Cross Product

i, f,and k are unit vectors along x-, v-, and z-axis, respectively.

_The magnitude of each vector is 1 and the angle between any of

two unit vectors is 90°. So, i x j = (1)(1)sin90°7 = A, where

7t is a unit vector perpendicular to the plane containing vector .

{and J.
To find out the resultant of any two unit vectors in a cross
product use the following rules (see Fig. 2.38).

1. Multiplication of any two unit vectors in anticlockwise di-
rection gives third unit vector with positive sign.

2. Multiplication of any two unit vectors in clockwise direction
gives third unit vector with negative sign.

"
g

—3

Eosd

Fig, 2.38

‘From these rules, we obtain the following results.
From Rule 1:

1- ; b ;I = i&
From Rule 2:

——y
X
=
i
i
L

L jxi=-k 2. kxj=2i 3.

CROSS PRODUCT METHOD 1: USING
COMPONENT FORM

A x B =(Ad+ A+ AR % (Bl + B,j + B
= A B0 x DY+ AB(J x D+ A B x D)
+ A By x )+ ABG x )+ A Bk % ])
+ AB G x B+ A B x k) + A Bk x k)
[Asixi=0]x]=0kxk=0and] x] =%,

a

7 xi= -k,

kx Txk==7kxj=-0]
So,weha\&‘z

‘z? = AyBo(—K) + A.B,J + A, Bk
+ Asz(mf) + A B~ + A B(D)

‘-....>
.

X i

= (Ay By = A, B — (AxB, — A BOJ + (A By — A Bk

CROSS PRODUCT METHOD 2: DETERMINANT
METHOD

Cross product of two vectors A and B can be obtained casily
by using the following method.

A x B =(Ad + AJ+ Ak) x (B + Bj—i-Bk)

~

e
= A, As A
By B} B,
R e N1
A 4 A,
i
E
B—Y E B}’ Bz
Fig. 2.39

Heére, we will use 7, } k one by one. When i is chosen, its
corresponding row and column become bound and remaining
clements are subiracted after cross lnuhlpélccltgon (Fig. 2.39).
So, 1(A B, — ByA,), is the  component al(}nw

Similarly, in thc, case of 7, the row and column in which if is
present become bound and remaining elements are subtracted
alter cross multiplication (Fig. 2.40).

So, i(AyB, — ByA.) ~ (A, B, — ByA,) is the component
along i and j.

Fig. 2.40

Same argument will follow for & as is for 7 and j (Fig. 2.41),

A x B = 1A B~ ByA) — H{AB, — ByAY)
o [E(A\B\ - B\A\}
ST N ko
Ax></1}‘ Az g
Bx B)" B: 5
Fig. 2.41
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Properties of Cross Product -

1. Anticommutative property Calculate the area of the triangle deter-

The vector product of two vectors is anticommutative.
B =ABsin6iand B x A = BAsin(~h)
= ~ABsinfh = —(A x B)
So,? X Tf o —(7"? 4 ??).Itmcans? X _X ;é? % B.

2. Distributive property
Vector product is distributive, Le.,

?x(?%—?)mﬁx?-?—ﬁxﬁ

3. Associative property
A+ x(C+D)=AxT+AxD+B =T
*}~§ xﬁ

4. Cross product of two parallel vectors
Cross product of the parallel vectors is zero.
As 8 = (for parallel vectors}, so

("K 7}} = ABsinQh =0

mme(i by the two vectors A=3]+ 41 and B = —37 + i

Sol. We know that the half of magnitude of the cross product of
two vectors gives the area of the triangle.

AxH =] 3 =10 —0) — J(O — 0y + k@21 +12) = 334

|

L 3 N
~1
sl an Bl

/332 =33, So, arca of
IWZ _b?l s sq unit.

Taking 1mgnitudc F? 73)!

triangle

- Caleulate the area of the parallelogram
when adjacent sides are given by the vectors
A =i+2j+3kand B =21 -3)+ 4.
Sol. We know that the area of thesparaliclogram is equai to the
magaitude of the Cross pmduct of given vectors.
k
N 72 7 = e §
2 T
= (2 + 9) + J(6a B) PBI—3 — 4)
= 11} + 5] -4k
So, areaof paraticlogram:

I‘X ﬁtnmm—«/WSsq witit,

: mportan‘t Pomt

1. If two vectors represent the two adjacent sides of a par-
alielogram, then the magnitude of the cross product will
give the area of the parallelogram. Mathematically:

Two vectors A and B are represented by the two adja-
cent sides P and PS, respectively, of the paralielogram
as shown in Fig. 2,42,

S A g ST
: 1_catxon Exerc;se LR
7
A 1. Whatisthe areao 7quaﬂclogi am whose adjacent s1dcs are
PR = ) given by vectors A =i —~ 2] +3kand B =41 +5}7
Fig. 2.42 2. If the vectors 47 + } — 3k and 2mi 4 Gm}' +k are pet-

pendicular to each other, then find the value of m.

Now, from the magnitude of the cross produet:
i?i\ 7?& = ABsing = Al =hase x height of paraliel-
ogram = area of paraltelogram,

2, I two vectors represent the two sides of a triangle, then

hall the magnitude of theit cross product will give the
area of the triangle.

Consider two vectors A and B represented by the two
sides PQ and PS of triangle POS (Fig. 2.43).

Using cross product: A x B = ABsindh

Taking magnitude, IWX X 73?! = A B giné

. The magnitude of the vector product of two vectors is +/3

. What is the angle between i + j + k and 77 -
. The linear velocity of a rotating body is given by o

. Find the magnitude of component of 3;

times their scalar product. What is the angle between the
two veclors?

=W X P W =i—2]+2kand 7 =4] ~ 3k, then
what is the magnitude of ¥7 _
—27 +k along
the vector 12i + 37 — 4k.

= A{B $in#) = A x & =base x height
S
P - 7 A car is moving around a circular track
i )
. wath a constant speed v of 20 ms™! (as shown in Fig. 2.44). At
Iig. 2.43 different times, the car is at A, B and C, respectively. Find
Muitiplying by ; /2 on both sides, the change in velocity:
LfromAtoC,
E"X 7’}5 — x base x hmght = area of triangle.
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2. from A to B,

i
Fig. 2.44
Sol.

1. Change in velocity, as the car moves from 4 to C,
Alcg = Te — U4 = 20 — {—=20) = 40 ms™"
ABes = 40 ms~! in the direction of T¢

oy
- Uy

2. Change in velocity, as the car moves from A to B,

Abpa=Ug — Vg = Uy -+ (—Uy)

Avps =202 + 202 = +/300 ms™! = 28.28 ms™!
Also, tan @ = ) =1 = =45
ang = =
20

This is the required direction of change in velocity.

el Given A = 0.3 + 0.47 + ck. Calculate
the valm ﬁf ¢ lf A is.a unit vector.

Sol.If A is ﬂﬂlﬂfﬁ?ﬁ?ﬁ then its magnitude must be unity,
= Jad+aital=11e,/(0372 +@47 HF=1
or 0.0940.16 +¢? = Lorc? = | ~ 0.25.=075.0r ¢ =0.87

Determine that vector which when added

to the resultant r)fA = 3i 87 + 7k and B =20 +4) — -3k
gives a unit vector along y-direction,

Sol. Here, ,z; = 3] — 57 + 7k and E =2 +4; -3k
Resultant R = A+ B = (3] — 57 + 7h) + (21 +4] — 3%)
=50 bk
~ Let the vector to be added is X. So, the unit vector along
y-direction j = 51 — j + 4k + X
So the required vector X = J — (51 — ] + 4k)
= —5i + 27 —4k.
i Find the unit vector of
A =2i +3j +2k.

S

2 % 2 : - 7{
Sol. A =21+ 3742k We know that A= =
I

:\/2_32+32 F2 =AY 0a=+17
P A 2lv3j+ok
Y ¢RIt

e o
w&g{‘?;:ﬁ& Hibnt

Am2;-_]-§~3I}and§=3f—2}-—2ﬁ.
Sol. (A+1;}~_»~(zﬁm_}'+3i2)+{3?-_2}—-2§)$52m3‘}‘

Find the unit vector of (;; “+ E}, where

+h=C (say)
Magmmde of T = C = [§% + (=32 + 1112 = /35
51— -k
-\/ﬁ

{orces actmg, at 4 point are 10 and 6 N, reqpeetwdy ifeach
force is increased by 3 N, find the resultant of new forces
when acfing at a peint at anangle of 90° with each other.
Sol. Let A and B be the two forces

Createst resultant = A +.8 =10 i
Least resultant = A = B,= 6 (i1)
Solving equations (i) and (i), we get, A=8N; B=2N

When each force I8 increased by 3 N, then
A=A 328 F3=1IN, B =8B+3=2+3=5N

As the new forces are acting at an angle of 907 (i.c., 8 = 907},

50 R e JA” + B2 = JUIP 4+ (5)? = V146 N

ipi Tweo forces whose magnitudes are in the
ratm 3: S gwe a reﬁultant of 28 N, If the angle of their incli-
nation is 60°, find the magnitude of each force.
Sol. Let A4 and B be the two forces.

Then A = 3x; B =5x; R =28 Nand 6 = 60°

Dividing A by B, A/B = 3/5

We know that R == /A2 + B? + 2ABcosd

= \/(Bx)2 4+ {520 4+ 2(3x)(Sx) cos 60°

= 28 = /9x% 4+ 25x7 + 1547 = Tx

2
,—;¢>x:_§:~4
7

Hence, the forces are: A=3 x4 =12N, B =5 x4=20N.

One of the rectangular components of a

velocity of 100 ms~! is 50 ms™. Find the other component.
Sol. Here, v = 100 ms ™!, Let v, = 50 ms™'. v, = vcosd
= 30=100cos#

| .
=y cosld = 5 or 8 = 607

3 .

S vy = psing = 100sin 60° = 100 x § = 50+/3 ms !
%ﬁ% o) %g% § An aeroplane takes off at an angle of 60° to

the horizontal, If muzzle velocity of the plane is 200 kmh™!,
calculate its horizontal and vertical components,
Sol, Here, v = 200 kmh~!, ¢ = 60°.




*. Horizontal component v, = vcos& = 200 cos 60°

|
= 200 x = = 100 kmh !

Vertical component vy = vsin 8 = 200 sin 60°

' 3
= 200 % —2{ = 100v/3 kmh™!

o 4 : Prove that (A + ZB) (ZA o %B)

= 24% + AB cos0 — 6B,

Sol. (A +2B)-2A —3B)=2A-A ~3A-B +4B-4A - 6(B-B)
= 2A- Ay —3ABcosf +4AR cosd — 6(B - B)

= 2A% + ABcos8 — 6R?

B “'\], S R “w
[ i % ; o
é\& h h&s‘g\&&% A body constrained to move along the z

axis oi a Loordmate system is suthLted to a constant force F
given by Fe=—i+ 2; + 3k N, where {, 7, and & represent
unit vectors along x-, y-, and z-axis of the system, respec-
tively. Calculate the work done by this force in displacing the
body through a distance of 4 m along the z-axis.

= 4fc, Force: F = —i - 2‘}' + 3k
Since work W is the scalar product of force and displacement,
= (2] 43k 4k = —4G By +8G b+ 126 B
12 ;oulc, because £ -k = 0= j-kandk k= |

Sel. Displacement

1. Prove that the vectors 4 = 3 - 2} -+ fc, Bl 3}'
+ 5k, and T=2+ } — dk forma right-angled triangle,

2. Determine the unit vector parallel to the cross product of

the vectors A = 3f —57 + 10k and B = 6] + 57 + 2k

Sol.

1. The given vectors will constitute a triangle only it one of the
given vectors is equal to vector sum of the remaining two
vectors. In the given problem, B 4+ Fail> .0, the given
vectors do form 4 triangle. This triangle will be righs angled
only if the dot product of two vectors (out of the given three)
is zero,

A B=0i-2j+b 0-3540s50) =30 D+6 D
L5k =3+6+5=14
B-T=(-37+5bh-Qi+j-dby=20-H-3G-D

20k kby=2-3-20=~21
T - A=@+j-4b-Gi-2]+bh=60-D-2G-5
~ 4k ) =6-2—-4=0

Since the dot productof € CandA is zero, therefore it implies
that C is perpendicular oA,

2. The unit vector parallel to (71) B } s given by

4= Xxl
[% 3]

Vectors 2.15

So, let us first determine A xF.
Now, A % B = (31 — 5] + 108) x (6§ + 57 +2k)
ik . ) .
=13 =510 = {(~10 = 50) + (60 ~ 6) -+ £(15 + 30)
65 2
= — 607 + 547 + 45k
Magnitude: | A x B | =/(~60) + (347 + (457 = vB54]
607 + 547 + 45k
V8541 '

A man rows a boat with a speed of 18

So, required unit vector: fi =

kmh in the nortll-west direction. The shoreline makes an
angle ‘of 15° south of west. Obtain the components of the
velocity of the boat along the shoreline and perpendicular to
the shoreline,

Sol. The north-west direction of the beat makes an angle of 6{}“
with the shoreline (Fig. 2.46).

NW

o,
].p‘ B %_‘
poeL

“hore W

T

‘“.x_
¥
i
1
I
I
!
1
1
oy

1y

j Fig. 2.46
Component of the velocity of boat alonk the shoreline
= 1808 60° kmh™' = 9 kmh™"'

~ Component of the boat yeioci%y aibng a line normal 1o the
shoreline

3 .
s= 1880 60° kmh ™! = 18 x ;/2: kmh™! == 15,59 kmh ™!

A point P lies in the xy plane, Its posi-

tion can be specified by its x, ¥ coordinates or by a radially
directed vector 7 = (xz 4+ y7) making an angle § with the
x-axis. Find a vector { z, of unit magnitude in the direction of
vector 7 and a vector iy of unit magnitude normal to the
vector i, and lying in the xy plane (¥ig. 2.47).

Fig. 2.47

Sol. When a vector is divided by its magnitade, we get 2 unit
vector (Fig, 2.48).
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_sley]

X B
I"“+j'— cosf =~ orx = rcosf
r "

r s
Again, sin @ == = or y = r sinf.
"
So, we get: I, = icosf + jsinf

y-axist

X-aXi$

1.  a. What is the essentiai condition for the addition of two
vectors?
Is addition of any two scalar quantities meaningful?

b
c

by

+

Component of a vector can be a scalar. State true or
Talse.
d. Can two vectors of same magnitude add to give zero
resultant vector? If yes, under what conditions?
e. Can two vectors of different magnitudes add to give
_zero resultant vector? Can three vectors give the zero
resultant vector on addition. If yes, under what con-
ditions?
£, Can a rectangular component of a vector have mag—
nitude greater than the vector itself?
g. Can a vector be zero if one of its component is 1ot
zero?
Can scalar product of two vectors besa negative quan-
tity?

=

‘i, State the condition (regarding the value of dotor cross ‘

product) for which two veclors are:
i. paraliel to each othery
ii. perpcnchculm to cach other.
j. Is possession of magnitude and direction sufficient
for calling a quantify a vector quantity?
k. TIs it necessary that sum of two unit vectors is also a
unit vector?
1. What wili be the differcnce in the product of
i. areal number with a vector, and
th, a scalar with a vector.
iii. Explain the difference between the following
© data?
e 4{5kmh™!, east)
e 4h(5 kmh““ cast)
2. Two equal forces have a resultant Lqual te one and a half
times the either force. Find the angle between the forces.

EXERCISES

Now, let iy = i + i 8. where o and f are coefficients to be

determined.

Making use of scalar product:

Pl =(lcos® + jsing) - (o + 18) 0
Since dot product of perpendicular vectors is zero,

iig=0 = oacosd+pfsingd =90

siné
o =
. & cosd
Again, since iy is a vector of unit magnitude: o” + % = 1.
Put the value of o and get: f = Lcost and o = Fsinf.

And we get7s = i sin 6 = ] cos 8. Since ip should have -ve
x component and +ve y component, so finally we have:
fg = —isinf + jeosd

3. At what angle two forces (P + () and (P Q) act so

that their resultant is
a. \/BPZ “+ Q2 b, 2P+ 0%

4, Two forces 7 and 3 N sisuitaneously act on a body. What
is the value of sheir (1) maximum resultant, (i) minimum
resultant, and (i) what will be the resultant if the forces

~act at fightangle to each other?

5. Find the resultant force of the following forces which are
acting simultaneously upon a particle.

a, 30 N due East b. 20 N due North
¢. 50N duc West d. 40 N due South

6. Forthe vectors 7? and —ﬁ in Fig. 2.49, use a scale drawing
to find the magnitude and direction of

¥
1'? (18.0m)

/_1)(12.0 m)
h o)
Fig, 2.49

a. the vector sum x + ??
h. the vector difference .

¢. From your answers to parts (a) and (b) find the mag-
nitude and direction of
T - {

Py g
7. Iftwo vectors @ = 4ms~' and B =7 ms™" be inclined
at an angle of 60° to each other, then determine the direc-
tion and magnitude of their resultant.
8. Find a unit vector along and opposite to the vector |
—~4j - 12k,
9. If "Ei‘—21~’ij, B =6i+2] -3k and T =
then find



a 3d+2F +7
b. T —6D +27

10, Given two vectors A = 4.007 -+ 3.00} and
B =5.00{ —2.00].
a. Find the magnitude of each vector.
b. Write an expression for the vector difference
- B using unit vectors. ‘

¢. Findthe ma%nizude and direction of the vector differ-
ence A —~ B.

d. In a vector diagram show X ? and A — ‘B’, and
“also show that your diagram agrees qualitatively with
your answer in part {c).

1. a. Is the vector (I +  + k) a unit vector? Justify your

answer.

b. Can a unit vector have any rectangular component
with a magnitude greater than unity? Justify your an-
swer, 5

¢ If ?f = a(3§ +- 4}' }. where & is a constant, determine
the value of @ that makes A a unit vector.

12. Resolve the vector R = 2f + 3j along the directions of
i+ 2j and { — j and write down the resolved compo-
nents.,

13. Find the rectangular component of vector R=21+ 37
along A =1+ J.

14. Find the angle between each of the following pairs of
vectors, '

a A =—2.00] +6.00} and B = 2.007 — 3.00;
b. A =3.00{ +5.00j and B = 10.007 + 6.00]
¢ A =—4.00] +2.00jand B = 7.007 + 14.00}

15. A cube is placed so that one corner is at the origin and

three edges are along the x-, y-, and z-axis of a coordinate
system (Fig. 2.50). Use vectors to compute

Fig. 2.50

a, the angle between the edge along the z-axis (line ab)
and the diagonal from the origin to the opposite corner
(line ad). ,

b. the angle between line ac (the diagonal of a face} and
line ad.

16. You are given  vectors A =5i - 6.57 and
B = 100 +7j. A third vector rel lies in the x — ¥y
plane. Vector C is perpendiculaf to vector A and the
scalar product of T with B is 15, From this information,
find the components of vector v

Vectors 2.17

17. Two vectors A and B have magnitudes A = 3.00 and
B = 3.00. Their vector product is A x B = 500k
+2.007, What is the angle between A and B ?

18. Two vectors have magnitudes 5 pnits and 12 units, respec-
tively. Find their cross product if the angle between them
is 30°.

19. Given two vectors. A =3{+ j+kand B=1-7 - L
Find the

a. area of the triangle whose two sides are represented.
by the vectors A and B.
'b. area of the parallelogram whose two adjacent sides
are represented by the vectors A and B.
¢. area of the parallefogram whose diagonals are repre-
sented by the vectors A and B. :

20. On a horizontal flat ground, a person is standing at a point
A. At this point, he installs a 5 m long pole vertically.
Now, he moves 5 m towards east and then 2 m towards
north and reaches at a point By There he installs another
3 m long vertical pole. A bird flies from the top of first
pole to the top of second pole. Find the displacement and
magnitude of thedisplacement of the bird,

21, Find the vector sum of N coplanar forces, each of magni-
tude F, when each force is making an angle of % with
that preceding it.

Can_you find at least one vector perpendicular to
30~ 4G 4 7k _

23. Establish the following inequalities:

22

a. 2".+I‘§5?x+fé[
b. |A+B|> fo-{é”
c ﬁ~ff§;§+[§[
d. ﬁ-ézi?&l~f§§]

24. Two forces P and () acting at a point are such that if P is
reversed, the direction of the resultant is turned through
90°, then prove that magnitudes of the forces are equal.

25, Unit vectors P and  are inclined at an angle 8, then prove
that |P — Q| = 2sin(6/2).

1. The sum and difference of two perpendicular vectors of
equal lengths are

a. also perpendicular and of equal length

b. also perpendicular and of different lengths

¢. of equal length and have an obtuse angle between

them :
d. ofequal length and have an acute angle between them |

2. The minimum number of vectors having different planes
which can be added to give zero resultant is

Wi & b. 3 ¢ 4 d. .5
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3. A vector perpendicularto { + 7 + k is
b i—j—k
d. 3f +27 -5k

81— 1 £k

C. ——i—}—_fc

4. From Fig. 2.51, the correct relation is

N

o)

Og

M
‘Fig. 2.51
a A+B+E=0
b O Diswrs A

¢ B+ E~C=-D
d. All fthe above

f

5, Out of the following set of forces the resultant of whxch
cannot be zero
a. 10, 10, 10 b. 10, 10, 20

e 10,20, 20 d. 16,20,40
6. The resultant of two vectors A and B is perpendicular

to the vector A and its magnitude is equal to half of the
magnilude of veclor B, ThL. angle between Aand B i Is-

1
a. 120° b, '150‘?'
¢ A5 d. None of these

7. The ratio of maximumeand mintmum magnitudes of the
~ v - - =¥ .
resultant of two vectors o and p is 3 : 1. Now, |a|is
equal to
oy e -
a | b b. 2| b | d. 4 b |
8. Two forces, each equal to F, act as shown in Fig, 2.53.
Their resultant is

c. 3[3!

9, Vector A is 2 cm tong and is 60” above the x-axis in the
first quadrant. Vector B is 2 cm Jong and is 607 below the-
x-axis in the fourth quadrant. The sum A 4+ B is a vector

- of magnitude

=

. 2 om atong + y-axis
b. 2 cm along + x-axis
€. 2 cm along - x-axis
d. 2 cm along — x-axis
10. What is the angle between two vector forces of equal mag-
nitude such that the resultant is onexthird as much as either
of the original forces?
1
b. cos™t | =
3

a. cos”! —m;z
T 18

c. 45° ‘ d. 1200
11. The angle between A+ Band A x Bis
a. 0 b, x/4 ¢ /2 d.

12. The projection of avgetor F &= 3] + J + 2k on the x-y
plane has magnitude :

a 3 b. 4 e 14 d. 10
13,1 lfi - E{ e | 5 I,then the angle between A and B -
is

a. [20° h. 60° c. 90 d, ¢¢
140 fEvectors A =7 + 27 + 4k and B =50 represent the two
sides of a triangle, then the third side of the triangle can
have length equal to
a6
b. /36
“¢. Both of the above.
d. None of the above _
15.(ﬁvenlﬁ;]:;Z,!Ag!::Saﬂd[2g4—321::3.Fmdthc
value of (:41 -+ 22&2)
Ca. 64 h. 60 ¢ 62 d. 61

16. Th1ce Vcctors K H, T %atiqu the relation A B = ()
and A C

(3A;mw4ﬁ2)

0. The vector A is parallel to

a. B ChoC
. B-C d. ExC

17. If A =5 B +C and the magmtudes of A B.C are 5, 4
and 3 units, then angle between A and C is

3 4
a. cos ! (%) b. cos™! (%“)
3 b :
. sin”h (= o
¢ sin (4) 5

18. Given: X = Acosfi -+ Asin8]. Avector B whichis per-
pendicular to A s given by

a. Beosfi — Bsindj



19,

20.

21

22,

Ca. cosTH(3/5)

b. Bsindi ~ Bcosdj
c. Bcos@i Bsind) _
d. Bsin8i + Bcos6)
The angle which zhe vector A =21 + 3] makes with

y-axis, where [ and 7 ate unit vectors along x- and y-
axes, respectively, is

b. cos™1(2/3)

c. tan~'(2/3) d. sin~'(2/3)

Given:}; = 3] - 4} Which of the following is perpen-
dicular to p? : |
a. 3} b. 4;
c. 4 +3] d. 4i -3}

In going from one city to another, a car travels 75 km
north, 60 km north-west and 20 km east. The magni-
tude of displacement between the two cities is (Take

1/7/2 = 0.7) ;
a. 170 km b, 137 km
¢ 119km d. 140 km

What is the angle between A and B, if A and B are the

adjacent sides of a parallelogram drawn from a common

© point and the area of the parallelogram is AB/2?

23,

24.

25.G

26.

Lo 15 b. 30° ¢ 45° d. 60°
Two vectors @ and —I; are such that | @ -+ }: |={d - ; I
What is the angle between @ and b7
a O° b. o0°
e 60° d. 180°
Given, ;{ = 4i + 6 and é = 2i + 37, Which of the fol&
- lowing is correct?
8 AxB=0 b. A-B=24
e
1 e -
cg—m;l:é» d. A and B are
|Bi antiparallel
Gwen A = 2i +pj + gk. and B =5 47+ 3k If
A il B then the values of pand ¢ are; respectively, )
14 6 14 6
. — and — R =
a S an ; 3] 3 and rE
6 1 : 3 1
s =and ~ Cd > oand -
C 3 an 3 . d. 4 and i
If A is perpendicular to B, then
a AxB=0
b. A [}1+ Bl=w
c. A -B=AB
d A-[A+B]=a+aB

|27

If the angle between vectors @ and b is an acute angle,
then the difference @ — b is
a. the major diagonal of the parallelogram

28.

29,

30.

31.

32,

33.

34,

35.

36.

Vectors 2.19

b, the minor diagonal of the parallelogram
¢. any of the above
-¢b. none of the above
Giventhat A + B = C. H!AI

The angle between A and B is

a. 3 b, 60° ¢ 90° d. 120° ~
Given vector A = 2} + 37, the angie between A and
y-axis is

a, tan~i(3/2) b. tan~! (2/3)

¢ sin™t (/%) d. cos™' (2/3)

Ifh =37 + 4jandd =i — 7, the vcctox having the same
magnitude as that of » and parallel to 4 is

1B =suna 2] =

.....:,Hv ’.‘+".l
ﬁ(z i)
d 50+ )

a. 72—(?? =) b.

& SER T
Choose the wrong staternent

a. Three vectorsof different magnitudes may be com-
bined to give zero resultant,

b. Two vectorsof differcnt magnitudes can be combined
to give a zero resuitant.

c. The product of a scalar and a vector is a vector quan-
tity.
d. Al of the above are wrong statements.

What displacement at an angle 60° to the x-axis has an
x-component of 5 m? ¢ and f are unit vectors in x and y
directions, respectively.

b. 5i +5)

d. All of the above

a. 50

c. 5i+53F
Mark the correct statement
a. !Ez+51 > |3+ ;E{

b, ]a+13[ < 13} + IEI

c. ia -.ES{ > (3] + ]E]-
d. All of the above

Out of the following forces, the resultant of which cannot
be 10 N? .
a. I5Nand 20N b, I0Nand 10N
¢. SNand 12N d. 12Nand I N

Which of the following pairs of forces cannot be added to
give a resultant force of 4 N?

a. 2ZNand 8N b 2Nand2 N
¢, 2ZNand6 N d. 2Nand4 N
In an equilateral triangle ABC, AL, BM, and CN are

medians. Forces along BC and BA represented by them
will have a resultant represented by

a. 24L b. 2BM e 2CN d. AC
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37,

38.

40,

41.

42.

43.

Physics for TIT-JEE: Mechanics I

The vector sum of two forces is perpendicular to their
vector difference. The forces are

a. equal to each other

b. cquoal to each other in magm{ude

¢. not equal to each other in magnitude

d. cannot be predicted
Ifa pdml]eiogmm is formed with two sides representcd
by vcctors Gand b, thend + b represents the

a, major diagonal when the angle between vectors is
acute

b. minor diagonal when the angle between vectors is
obtuse

¢. both of the above

d. none of the above

; l‘hc zceuitant C of A and B is peipuldzculm 1o A Also,

IA = !C] The angle between A and B is
K54

a L. 1 b d
. 4 Tad e '":l."'“ ra
S T

. — rad d, -
c 7 _ p rad

Two forces of F; = 500 N due east and Pz = 250 N due

~23

north have their common initial point. F e SR
a. 2504/5 N, tan 1 (2)W of N
h. 250 N, tan™Y(2)W of N
C. #Cro

d. 750N, tan"! (3/4) Nof W

The resuitant of the three vectors OA, OF, and OC shwn.
in Fig. 2.54 is

Fig. 2.54

8. 7

l;. 2r -
¢ r{l++/2) d r(v/2-1)

Fwo vectors @ and b are at an angle of 60° with eaf,h
other. Their resultant makes an angle of 45° with a.if
l[; { = 2 units, then ;2"2 | is

a. 3 b V31

e /341 d. +/3/2
The resultant of two vectors P and 0 is R. If the magni-

tude of Q is doubled, the new resultant vector becomes
perpendicular to P. Then, the magnitude of R is equal to

a. P+ @ b, P
c. P-—( d. ¢

44. A vector A when added to the vector B = 3] + 4] yields

a resultant vector that is in the - positive y-direction and has
a magnitude equal to that of B, Find the magnitade of A.

a. /10 - . 10 e S &, /15 .

45, ABCDEF isa reoular hexagon with point O as centre. The

46.

47

*

48.

49.

56.

valuem‘"f} +?ﬁf+7®+ﬁ«}~ﬂ
a. 240 b, 440 ¢ 6A0

In a two dimensional motion of a particte, the particle
moves from point A, position vector 7y, to point B, po-
sition vector 7. If the magnitudes of these vectors are,
respectively, 7, = 3 and ry = 4 and the angles they make
with the x-axis are @, = 75" and #, = 15°, respectively,
then find the magnitude of the displacement vector.

d. 0

A4
B
7
(N 7'?3
&
Fig, 2.55
a. 15 b V13 c. 17 d. V15

The sum of the magnitudes of two forces acting at a point
is 16 N. The resultant of these forces is perpendicular to
the $maller force and has a magnitude of 8 N. Il the smaller
force is of magnitude x, then the value of x is

a. 2N b. 4 N ¢. 6N d. 7N

The angle between two vectors Aand Bi is #. Resultant of
these vectors R makes an mgle 6/2 with A. Which of the
following is true?

a. A=2B
c. A=£8

b, A= Bf2
d. AB=1
The resultant of three vectors F, 2, and 3 units whose

directions are those of the sides of an equilateral triangle
is at an angle of

a. 30° with the first vector
b, 157 with the first vector
€.~ 1007 with the first vector
d. 150 with the first vector

A particle moves in the xy plane with only an x-component
of aceeleration of 2 ms 2. The patticle starts from the ori-
gin at 1= 0 with an initial velocity having an x-component
of 8 ms™* and y-component of —15 ms™'. The total ve-
locity vector at any time ¢ is

a. [(8+20)i — 157] ms™

h. zero

e. 2ti + 157

d. directed along z-axis



51. A unit vector along incident ray of light is i. The unit vec-

tor for the corresponding refracted ray of light is 7. /i is

a unit vector normal to the boundary of the medium and
directed towards the incident medivm. If m be the re-

fractive index of the medium, then Snell’s law (279) of

refraction is

Ixh=pi+7r)

a. !
b. i A = u{F - A1)

O i S AR )
d. ,u;(fxii)mf xh
52. The simple sum of two co-initial vectors is 16 units. Their
vector sum is 8 units, The resultant of the vectors is per-
pendicuiar to the smaller vector. The magnitudes of the
two vectors are
a. 2 units and 14 units
b. 4 units and 12 units
¢. 6 units and 10 units
d. 8 units and 8 units
53. The components of a vector along x- and y-directions are
(n 4+ 1) and 1, respectively. It the coordinate system is
rotated by an angle & = 607, then the components change
to i and 3. The value of n is
a, 2 b, cos60® ¢. sip60™ d. 3.5
54. Two point masses 1 and 2 move with uniform velocities
vy and v3, respectively. Their initial position vectors are
71 and 7, respectively. Which of the following should be
satisfied for the collision of the point masses?

— -y - i
Fp U+t
VT o T

'if’z-"i".f‘gf ib‘q“—l}]!

s — — —ax

o | Uy =1

b. ) el —
th=rl (t-ul

e — = e

ity Tl i ==l

------- = g iy
?fz-f-f’ | |'U2+v13

i

rg -+ a -

d & V,j - k]

[Fatbrid  uptugl

55, What is the resultant of three copldnar forces: 300 N at
07, 400 N at 30°, and 400 N ag 150%7

a. 300N
e. 1,IJOON

b. 700 N
d. 300N

1. Whick of the following statement isfare correct (see
Fig. 2.56)7

a. The sxgm of x- cornponcnt of di is posifive and that

of dg is negative.

>
b. Thesigns of the y-componentof d; and ; are positive

and negative, respectively.

Vectors 2,21

J}

)
i
}
I
dy !

% X

~ Fig. 2.56
¢. The signs of x- and y-components of d; -+ ch are pos-’

itive.
d. None of these.

2. Given two vectors A= 3a +47 zmd B=i+].61s {hc
angle between A and B. Which of the following state-
ments is/are correct? ‘

a [Alcos8 (ﬁ) is the component of A along B.

b. |A|sin® (l ]) is the componest of A pelpendzc-
ular to B.
¢ |A|cosd (l 21) is the component of A eﬂong_fi.
d. Aisin 8 (t 5 J) is the component of A perpendic-
ularto 5.

3 IfA-—21+J+k and B—z-i—;%k are two vectors,

then the unit vector

r —~Fak
- a. perpendicular to A is ( s )

&

Qi+)+k)
f

¢. perpendicularto Bis

b. parallel to As

k‘)
\"'-—n-n-l/

f j ’
ﬁ

4. If (T} + B ) is perpendicular to (u;

d. parailel to B el e

- Ug), then
a. 7] is perpendicular to 73 ‘
¢. U7 is null vector
d. the angle between T} and T can have any value
5. Two vectors A and B fie in one plane. Vector Cliesina
different plane. Then, A+ B+ C
a. cannot be zero
b, can be zero
¢. lies ip the plane of Aor B

“d. lies in a plane different from that of any of the three
vectors '
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a. The two vectors should be of the same nature, i.e.,
a force vector can be added only into another force
vector, not in a velocity vector, say.

b. No, they should have same nature, i.e., mass can be
added into mass, not in length, say.

¢. False, component of a vector is also a vector.
d. Yes, if they are equal and opposite.

e, Two vectors of different magnitudes cannot add to
give zero resultant. Three vectors of different magni-
tude can add to give zero resultant if they are coplanar,

f. No
. No, a vector can be zero if all components are zero,

Yes

o

i
H

i. cross product is zero
- ik dot product is zero
j» No, it should follow the vector rules of addition mul-
tiplication etc. For example, electric current has both
magnitude and direction but still it is a vector quan-
tity.
k. No

i. nature of vector remains same, only magnitude
may change
ii. magnitude of the vector changes
fif. ®4 (5 kmh~', cast) = 20 kimh !, east
Here, we are multiplying a velocity Skmh™!, east

with a real number 4. The final result obtained is

20kmh™, east which is also a velocity. So, nature
of vector remains same if it is multiplied with a
real number, only magnitude may change.

e 41 (5 kmh™!, cast)e 20 ki east

Here, we multiply veloeity with scalar quan-
tity, time 4 h¢The resultobtained is 20 km, east
which is a displacerment vector. Here, nature
of vector. changes,

2. R’}““AZ"%Z*BQ"PZABC.OSGGWCHA B.R=3A/2
/3
#(EA) =AY+ A? 4 2A%cos 8

= cos@x%#@:&?“

a. R=\3P 4 Q% A=P+Q, B=P-Q
Apply R? = A% + B% + 2AB cos 0
= 3P 4 QP =(P+ Q) +(P-Q)
4+ 2(p + QNP — Q)cosd
= o= LR B0

ANSWERS AND SOLUTIONS

b, Here, R = 2(P2+ 0% A= P40, B=P—0
Apply R? = A% + B* + 2AB cos 0
= 2(PP+QY=(P+ QP +(P-QY +2P
+ QNP —~ Qlcosd

= cos =0 =6 =90°
4. a. Resultantis maximum when both vectors act in same
direction. Rpy = A+ B =T7+3 = 10N
b. Resultant is minimum when both vectors act in op-
posite direction: Rpjn = A - B =7 ~3=4N
¢, If both vectors act at right angle, then
R=nfA2+ B? =72 +3 = /58N
5. Resultant force: F = 30 + 207 — 50i — 40

=200 —20] F = V2024207 = 20428 - W
20N b -
J - 20
50N : 30N
L«»? o .
¥ 40N -20.

Fig. 2.57

6. aR=A-+B .
R=,/122 4+ 182 4+ 2 x 12 x 18cos (180 — 37°)
= 11.1m

12 sin (180 — 37%)
18+ 12cos (180 ~ 37°)
=g —37° =406 = o = 77.6" with x-axis (Fig. 2.58)

tan{o — 37%) =

Fig, 2.58
b R= A —
R = J122+ 187 12 x 12 x 18¢os37° = 28.5
18sin 37 )
B 7 s =3 gy & 227

12 -+ 18 cos 37"
Angle with x-axis = 180° + 22° = 202°
¢. —A— Bis opposite tom’;l + B and haviz.g same mag-
nitude as thatof A + B.

d. B—Ais opposite to A B and havmg same mag-
nitude as that of A — B.



7. R= A+ 72 ¥ 2 x 4 x Tcos 60° = /93 m/s
7sin60°  74/3

£ et o]
M = T Tcos60° 15
2 {71V3
e Q', = lan 'Té'“

Iy

4 4«
Fig. 2.59

8. Lot A =3f — 47+ 12k, then A = /3 + 42 + 122 = 13

- 3 —d4)+ 12k
Unit vector along A is A == %‘m wiﬁm*{;:—~

%

; ; T A
Unit vector opposite to A 1s —A = %

(3 —4j+ 12k
B 13

9, a 3a42b 47 =32 =30+ 260 4 2730

414k =191 - 57 - 5k
b @ —6542¢ =21 —3} — 665 + 2]~ 3b)
420 4+ k) = —320 — 157 + 20k

10, a A=/ 132 =5 B=+/52120= /29

|
Fig. 2.60
- = &) )
b A—B=i+5] _
c. Magnitude: i/{ ._}:}'! >l = /26 e
I

i
fano = 3 = o = tan (3) -,

d. Ses Fig. 2.61

]

11.

12.

13.

14.

15.

Vectors 2.23

= A ~ A
a. leta =i +j+%&
. e
Magnitude: | @ | =12+ 12+ 2 =4/3
Since magnitude is not 1, so @ is not a unit vector, -
b. No, a rectangular component cannot be greater than
a vector itself. Since rectangular component, say,

R, = Rcos8, cosf never becomes greater than 1.
So R, never becomes greater than K.

k:25—3—3},[.@2.@:?-}-%},&::?“}
Then, we can write R = mA 4 #B,

where mA is the component of R along A and
nB is the component of R along B

= 2 4+3]=mi+2m]+ni—nj

= mtnz=22m-n=3

From these m = 5/3, n = 1/3

mi=3 (i +2)),
_ il P

Rectangular component of R along A is = (R . ?&) A
(R-4)d pex1+3xDE+]) 3 4
"o U (ﬁ)z ""2(1 !

PR — 2% D46 (=)= =22,
A= V2T E 6 = /40, B = 22 + 32 = /13,

cosd A-D e
08 8 = =
AB . /4013
= = cos™ (m——:—%%——>
. T\ J/A0V13

= . —22
b. In the same way as above: 8 = cos™! {w**gi}
! JA0/T3

¢ ArB=-4xT74+2%x14=0

So, angle between Aand B is 90°

~a. Let side of the cube is d, then c_r% = dk H?I =di

= 2
% 5 ab - ad d* |
+dj 4 dkcost = = =
iwl ];}“E'i d3d 3

1
= &= cos ! W>
3
b. @ =dj +dk,ad = di +d] +dk
at . ad W 2

L
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16,

17.

20. .
* Displacement of the bird= —3 —3 AP

21

Physics for TIT-JEE; Mechanics I

Smcechesatx -¥ plane, so letusassumec-xz+yj,
NowC A 0= 5x-05y =10 (i)
andC-BxlS = 10x+T7y=15 (i)
: 39

2 B () SR 5 = o &

rom equations (i) and {ii), y a X = 20
VITE2E =29

XEE\__ 29

AB _ 3x3

— —
[AX B
|

=4

sin g ==

29
C= f=sin! l:——g]

18,
19.

]AxBimABsmGMSX 12 x sin30° = 30 units
a. AreamlleB]

b Az'eamleBi

O
(W AreazmleBI
AP =5k, _é_.51+21+3k
=51 42) -2k
Q=+ 422 +22=+/33m

& Bird

Fig. 2.62

Consider a regular polygon of N sides, Each side of the:
polygon is same. C is the centre of polygon (Fig, 2.63).

2
8= -j? — @ is the angle subtended at the centrg of poly-
gon by any one side.

: Fig. 2.63 , |
We can prove that o =@ as: ZABC + [CBD +a = 1807 (1)

a
But LABC = /CBD =90° — 3 (i)
From equations (i} and (it), we geto = 6

iy 2
o o
N

So, if we have N vectors of equal magnitude and they are

arranged in such a way that each vector makes an angle’

Wﬁ (= o) with its preceding vector, we find that head of

the last vector will coincide with the tail of first vector.
Hence, resultant of all these vectors becomes zero.

22,

23,

25.

Letxi+y1+ zk is perpendicular to 31 — 4} + 7k, then
their dot product should be zero.

= 3x—4y+Tz=0Takex=1,y=2,z2=5/7
o D -
So,i+2j+$kisperpendicu§ar£03i-—4j+7fc.

a. Sum of any two sides of a triangle is greater than or
equal to third side.
= PR=PO+0OR

4+ 2] < 4] +]3]

-~
2. B

P’x

w]

P )

Fig. 2.64
b. PR+QR> PO = |A+B|+l3|>
Agid = |A+32
1 [(¢) andi(d) parts, do as (2) and (b)]

A

iA+B|

Ilf*l l

L PO Q Given that S is L R
(B+0)-(-P+2)=0

il 14
i

ko P = O
Hence proved. )
Alternatively: 8 =90 — g, fano = -——Q—gﬂl—a—— (i)
P+ QOcost

O sin (180 — 8)
P+ Qcos(180 — 83

Q sind
P — Qcost

: Qsiné .
= ooby = e Gt (i)
Q%sin* @

PURNEE. N3 O
P2 — Q%cos?

tan f =

= tan(90 — q) =

MuItiply equations (1) and {ii):

Simplify to get: P = Q
1806

Fig. 2.65 ,
|P| = | Q] = 1, because they are unit vectors.

LHS.=|P-0|=/(P-0) (P-0)

—JPTY 03P O = /¥ P 2P co0

=2 —2x1x1cosh = /2(1 —cos0)
2[25in? (6/2)] = 2sin{#/2) = RH.S.




Sum: R = A -+ B .
o} 1;? = 4/ A2 -+ B = \/EA
5 rm e ’ 11.
Difference: § = A — B
= 3 = JATT BT = V24 12
13,
¢4} :450,522, = 45° 14.

Hence, R and § will be perpendicular and also of equal
lengths.

15.

16.

Fig, 2.66

. €. The minimum number of vectors having different planes
. which can he added to give zero resultant is 4.
. d. We see that dot product of [ + } + & with 37 +2] — 5k

is zero.

d.IMAMNO:A+C—-D=0=C~ D=
Hence (b) is correct.
InAMNP: A+ B E =0
Hence (a) is correct.
InOMPNQ: —F — B +C —

S B+E-C=~D
Hence, (c) is correct.

~A
17,

=X

D=0

. d. For the resuliant of some vectors to be zero, they should .

form a closed figure taken in same orden

i -

= s B G

B2 f))

Angle between A and B = 50° + .= 150°

b 3
N Tor3a~3bxa+b

b.cosff = 18.

" aah _
or2a=dbora=2b

. b. Note that the angle between two forces is 120° and not

60°.
RP=F*+ F* +2F% cos 120°

1
or B* = 2F% 4+ 252 (—5) FiorR=F

. b. Here, the angle between two vectors of equal mag;mtude

is 120°, So, resultant has the same magnitude as either of
the given vectors, Morcover, it is mid-way between the two
vectors, L.e., it is along x-axis.

19.

Vectors  2.25

2

1) =1P+1342xIxlcosd

or : —2{1+cos9)0r1+cos€m 1
g T 18

orcosé = 1 l—mg—?—-ofﬁ.—cn%"l !
18 18 o 18

c. A + B will be in the plane containing A and B, whereas
A x B will be 1 to that plane.

d. Consider only x and y components: +/3? + 1% = +/10

a.

¢. Let third side is (:,‘, then {é == ;&-imf} or
- i-3

a. A1=2,A;=3, tﬁ;-%-:‘iz”

= |4, +A2E =9= A4 A2+ 24, 42_9
= 2432 42A Ay =9 =h4, A=
Now, (A1 +24;) - (34, + 47 )= 34? - SA;{
F2A; - Ay = 3(2) () T8 21l —64
d.X-E:D(giveu) = ,_q’iﬁ

A E—G(given) = ALC
A is perpendicular to-both B and C
We know, from the deﬁmtxon of CEOSS pmduct that B % C is
perpendicular to both B and C .

So, ;; is parallel to § X Z

¢ 3 3
2, €osf = = orf = cos™! (g) See Fig. 2.67.

5

Fig. 2,67

b. Cicarly, @houid be cither in second quadrant or fourth
quadrant, In none of the given options, we have ° —i term’.

So, second quadrant is ruled ouf. Also, E should make an
—

angle of 90° — ¢ with x-axis (Fig. 2.68). So, B should be

B cos(90° — #)i — Bsin(90° — 8} = Bsinfi —

® (©4
g
90 -8

Bcos 6.

@ ©

Fig. 2.68
¢, See Fig. 2.69
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_____ 2 o i jk
tdnﬁ—-—"‘oiﬁ tan (5) 25, a.MK _15? 2pgl=0
_ : _ 573
4 : or iGBp — Tg) + j(5q¢ — 6) + k(14 — 51’) =
‘ 6
P 3Ip=Tg,5¢ ~6=00rg = -
) 5
g 14
I4-5p=0Qordp=1ldorp= k.
2? o E — i :-)» e
Fig. 2.69 7 26, b. I Ails pei‘I}%ilcliculax' to B.then A- B=0and Ax B0
. L : 27. h. PR =a + b = major diagonal
20. ¢. P is inTourth quadrant. . - 5—@ =a—§ = minor diagonal

4i 4 37 is in the first quadrant.

Clearly, 4 + 3 can be perpendicular to P. Fot confirmation,
fet us check whether their dot product is zero.

(3i—4]) -G +3)=12-12=0 ‘

This shows that 47 + 3 is perpendicularto 3 — 47,

2. ¢ § =75) + [60cos 457 ] — 60 sin45°7] + 200

Sw(2()w60><07)1+(60><()7-L75}] o _ § | Flg.l’.’?l
ot § = 227 + 117} * R - -
5= VIR F 7 = JAFA T 13680 = /ATT3 D AT S = LA )
=119 km . (A+B)-(A+B)=¢C C
_ = A+ B4 2ABcosd = C?
N - 9 ' _ = 4 552K 4 x Scosd == 61
_ = cofiiis: 5 =% @ =860°
W : 2
£ : 26..b. tand = % = f=tan M2
: : ‘ v 3 3
— X
S 3 : 3
Fig. 2.70

(e

22. b. Arca of parallelogram: 1?& 5 f%l = AB/2 (given)
=> ABsind = AB/2 = sind = 1/2

g e e

:> 8 = 30° e
23, b, a? +b* 4+ 2abcost = a? = bt — 2ab cos@ _
~or dabcost =0 : Fig. 2.72
But 4ab # 0 = cosf = Dor 8 = 90° : 30. a. Let that vector is ¢'. Then
Ahtu e 5 - ba 3 o s
Bt b) and (@ ~ b) age the d;agmmis of a paraticlogram FEmll=id =, O o 7"“(1 =)
whose ckd_}d(,e!lt szdcs are a and b 31. b. For the resultant of two vectors to be zero, they shouid be

Since | a4+ b !=|d b, therefore the two diagonals of equal and opposite.

a paralielogram are equal. So, think of square. This leads to  32. ¢ In first option (a), vector is along,x axis (Fig. 2.73).
g =907,
543

24, 8, A x B =41 +6])x @21 +3])

=120 x D+ xH=120xD-120x =0

u.________
¥ ‘

[
i
!
1
]
1
i
|
5

Again, A B = (4?+67)-(2?+’%})28+13=26 g
A, A Mi V16 +36 % 1 | _ - o s
i 8 % i o : . In (b), angle of vector with x-axis
Also, B = > 4 | | . gD =] = 5450

= A and B are parallel and not antipa;ailei In (¢), angle of vector with x-axis
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tanazsmﬁﬂﬂ = o= 007 40. a. FZ%Fi”PZ"'( ‘F)
5 i _ = 250 N due north + 500 N due west
- 33, b. SeeFig. 2.74 500

AC<AB+BC = la+hl<|al+|bl o =g =2

| Fy— Fy | = /(5007 + (250 = 25073 N

Fig. 274

34, d. The resultant of two forces can lie between A — B and

A+ B,le,12-1=11Nand 12+ 1 =13 N, '
35. a. Find min (A~ B) and maximum (A -+ B) value of each ' o

case, then check if 4 N lies between them. 41. ¢. OC and OA are equal in magnitude and inclined to each
i e B sz other at an angle of 907, So their resultant is +/2r. It acts

76 b Btk BE=HD mid-way between OC and OA, i.e..'along OB,

Now, both r and +/2r are aléng the same line and in the
same direction,

-~ resultant = r +a/2r = r(1 + +/2)

2 sin60° V3
42. b. tan45° = =
" a-+2ces60° a4 1

Fig. 2.78

3 .
orl = afl oradl =+Sora =431
Fig. 2.75 - _ 2Q sind 20 sinf
o - , 43, dotan90° = =T b 00 m e
BA+ BC =2 BM. Hence, the answer is 2BM. . “Br-20c0s0 P +2¢cosd
37. b (A+B) - (A~B) =0 = “pPr20cosd =0
AP B?=0 = A*=p? Now, R? = P2 + 0% + 2P Qcosd .
= A=RB =3 R = QP+ P[P +2Q cosb]}
38. c. . = R=0' =R=0
Fig. 2.76
a+ b - major dlagonai @+ b —» minor diagonal Fig. 2.79
v o Alternate method:
i e - - -~ - -
39htan9 A—in | R=P+Q=P=R~QandS=P+20
il . Do - '
= 9-.—45m4 . . =RmQ'+'2Q
PR o Now, § and P are perpendicular (Fig. 2.78), so
4 4 : :

5. P=0 =@+ - R-0=
'"_“:>R2 Q2 m:}RmQ
44, a, Given € = ;fﬂl} ::>6'=5}

Let E,‘:;!.—%—B A+3l+4]
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45,0 TB4TF =70 =7 =70 iF I (ﬁ) W
‘ = xw-zw_‘x —

AC = AB +AO, AD =240, AE=A0+AF 2 2
, _ Vi
: £ L ' R, ~ o 3 1 )
tan@:——iﬁ——wzw—[—:-—m =580 =30°
R, 3 3 3
F : .
0 C : © B0 A u,=8%ms g, =2ms?
5 T e SR
A B . '_} 4
Fig, 2.80 e, a by = =157,V =ty + Uy, V = [(8 4 2000 — 15]]ms™"
Now, 4B+ AC + AD + AL + AF _ 51, ¢. You have to try all the options. Let us discuss the correct
, option only. '
= 5A0 + AB + AL = 5A0 + AO = 6A0 d ¥
46. b. Displacement = AB, angle between 7, and Fz‘; 9 ="75° B R P x )

—15° = 60° < (1) sin(180° — i = p(1)(1)(180° — 1)
From Fig. 2.55, AB? = r} +r% — 2ry1pcos 6 sini = psinr

=3 +42 -2 x 3 x4cos60° =13 5. c. P ., ;

.e P4+0=16 @
= AB =13 . 2y ol v
: 2_g2 4 o2 P24 0% 4 2P0 cos 8 =064 _ (i)
47, c.x +y =16, Also, y"=8°+x 0 sing O sin

fan 90° = ——rrsne— et
2 P+ Qcost oree P4 Qcosd

P+ QcosB=00rQcostf=~—PF

. y & | From@quation (i), P* + Q% + 2P(~P) = 64
64 .
orQQ—P2=640rQ—Pm;€m4 _. (iii)
= Adding equations (1) and (i), we get
; 20 =200r @ =10 units
_ . Fig. 284 : From equation (i), P + 10 =16 or P = 6 units
‘??‘=64+{16— ,)2 { r =16 — ,] : , P 5 ; F
or }2 y7 : 3 . 53. d. The length of the vector is not changed by the rotation of
or y* = 64 + 256 + y* — 32y - the coordinate axes.
or32y = 320o0ry = 10N . ] ﬂnﬂ}-1)2—{—IZ:Jn2+320rn2+Zn+2=n2+9
x+10=160tx=6N or2n=T7orn=33
48. c. Graphically: - Qe 54, b. For collision,

{ROQ =812, LRQO =612 P UL = Pk Byt or ] — 7 = (U -

R %, A 0

_>.
Vot

OP=A=R0
OR =5

8] i 2

Fig, 2.82 7 .
Hence, AOQR is isosceles . & ‘Fig. 2.83
=0OR=RO = B=A4A Eauat; £ vect . ¢
Bsing : uating unit vectors, we ge
Analytically: tan (6/2) = oo : 4 & &
) A+ Bcosd ) o -
: . Fap — 7 Y — vy
sind6/2) 28 sin(8/2ycos(6/2) s ST = T o
= fro—ri]  Ju—ui|

cos(8/2) A+ BQRcos?(F/2) - 1) ‘ ‘
' " : 5 85, a. Net force along x-axis (Fig. 2.84}
= A +2Bcos“(6/2) - B =2Bcos {6/‘2) = A= B, F, = F + F>cos 30° — Ficos 30°

49. a. Ry =1+2cos 120° + 3 cos 240° F, = 300N
R, =2 sin 120° + 3 sin 240° _ : _ Fy = Fy8in 30° + F3sin 30°
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’ 1 1 ) . B o
=400 % 3 + 400 x 5 = 400N " So, the other resolved component is A% sin# (LMJ_E“{)
Net force: F = +/300% + 400? = 500N e D
ik
;’ 3. a,b,c. AxB= 211
! : 111
g R0 = i 1) = J - Dy B~ T oL ¥

: . i ) _"‘. ]"&
_ Unit vector perpendicular to A and B is ( i/_l_?j ) So,

choices {a) and {c) are correct. - .
Any vector whose mag;}itude is K (constant) times
(21 + j + k) is parailei to A. -
. Qiet- Tk
So, unit vector —————m—
NG

So, choice (b) is correct.

is paraliel to A.

1. a., ¢ Both x and y components of dy are positive.

x component of dj is negatwqand 3 =uIb on‘e_nt i pasave: 4. a., d. If two vectors are nérmal to each other, then their dot
Both x and y components of d; + d; are positive, ) =
. . 5 o . ) product is zero.
2, a, b Componem of A along B 1s * lcosBB for 6 being ("ﬁ'1 ). () - 2.) &9 B} =0"
the angle between the vectors. _ bl i
’l:"f-} . = U =v; = m::vgoriv’;‘:l_v’gl
Akof = N St chiofoe-(a) ¢ conmect : © 5, a., d. The resultant of three vectors is zero only if they can

form a trianglel But thrée vectors lying in different planes

The vector (i — ) is perpendicular to the vector {i+ 7).
cannot form a triangte.
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3.1
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To measure a physical quantity, we need a standard known as
unit. For example, if length of some metal rod is measured to be
15 ¢, then cm is the unit of length. 15 1s the numerical part. So

Physical Quantity = Numerical Part »x Unit

We have three types of units: Fundamental units, Suppiemen-
tary units and Derived units as illustrated in Fig, 3.1 below.

¥

{: Fuhd‘dn_i_enﬁéi )

A
£ Indépendent o
-eachvother dand not
cinferconvertible [

{Derived }

Supplementary

7 Unit of fength; miiss.
< Hime, temperatitre,
Rudning :

Uit of
- L plane angle | -
-2 solid angle

4 dicceleratio
Joree, workjete

amount of ‘sibstance/

‘Fig. 3.1

SYSTEMS OF UNITS

It is 2 complete set of fundamental and derived units. We have
four types of systems of units. Generally, a system is named in
terms of fundamental units on which it is hased.

1. MLK.S, system: In this system length, mass and time are
taken as fundamental quantities.

2. C.G.8, system: It is Gaussian system. In this also length,
rnass and time are taken as fundamental quantities.

3. FP.S. system: In this also length, mass and time are taken as

fundamental quantities. It is British Engineering system.

M.K.S. and C.G.S. systems are also called metric sys-
tems or decimal systems, because multipies and submultiples
are related by powers of 10. Example: T km = 10 m

FEP.S. system is not used much now a days because of
inconvenient multiplies and submuliipies. The disadvantages
of C.G.8. system is that many derived units in this system
become unnecessarily small.

The main drawback of all the above systems is that they
are confined to mechanics only. All the physical guantities
appearing in physics cannot be described by these systems.
So, we need such a system which takes care of all the physical
quantities appearing in physics, S.1. system is such a kind of
system.

S.L system: It was introduced in 1971 by General Conference
on Weights and Measures. It is also called as rationalised
M.K.S. system because it is made by modifying the M.K.S.
systemn, 1t is nothing but extended MLK.S. system, It is a
comprehensive system (see Table 1),

 This system contains seven fundamental units and two
supplementary units as shown in Table 2. It also contains a
targe number of derived quantities.

&

Table 1
MLK.S. C.GS. F.PS. 5.1, Units
System System System - .
() Length (i) Length (1) Length It is an extended
m {meter) cm (cen- | i (foot) form of « MK.S.
timeter) ‘ system. It includes
four more fun-
damentat unis
(n  addition to
] three basic units),
(i) Mass (i) Mass (i) Mass which  represent
kg (kilo- | g{gram) {pound} fundamental quan-
gram) tities in electricity,
(iti) Time (D) Time ™ | (3ii) Time magnetism,  heat
3 (second) s (second) | s (second) | and light.
Table 2

A. Fundamental Quantitiesin 8.1, System and .Their Units

Sr. No.  Physical Quantity Name of Unit  Symbol of
' Unit '
L. Mass kilogram kg
2. Length meter m
& Time - second s
4. Temperature kelvin K
5 Laminous intensity candela Cd
(] Electric current ~ ampere A
T Amount of substance  mole mol

B. Supplementary Quantities in 8.1, System and Their Units

Sr. No.  Physical Quantity Name of Unit  Symbol of Unit
I Plane angle radian rad :
P Solid angle steradian sr

Advantage of 8.1. system is that it assigns only one unit to
various forms of a particular physical quantity. For example,
unit of all kinds of energy is § in this system. But in M.K.S.
system.

Unit of mechanical energy is joule, that of heat energy is calorie,
that of electric energy is Wh (watt hour), efc.

DIMENSIONS OF A PHYSICAL QUANTITY

These are the powers to which the fundamental units of mass,
length and time have to be raised to represent a derived unit of
the physical quantity under consideration. Dimensions of any
derived physical quantity can be represented in the form of fun-
damental units of mass, length and time. Knowing the units,

-dimensions can be easily written.

To write the dimensions of a physical quantity, we use fol-
jowing symbols for mass, length and time:
Mass — [M1; Length — [L]; and Time — {T].



DIMENSIONAL FORMULAE

Relations which express physical quantities in terms of appro-
priate powers of fundamental units are known as dimensional
formulae. These formulae tell us about:

1. Fundamental units involved to represent a quantity.
2. The nature of their dependence,

Obtain the dimensions of acceleration.

Sol. We know that acceleration:

¢
a = X _ L/w = — (§ — distance, f — time)
! I3 £ ‘
[L] . Db
= =L MULTT
(o] = 75 = IL'T 21 = ]

So, the dimensions of acceleration are 0 in mass, +1 in length
and -2 in time.
Some more examples:
1. Force: Force = mass x acceleration = [M} x [L} T-?}
= [MIL'T~?

2. Momentam: Momentum = mass x Velocity

' e (M) X LT = M LITY
3, Work: Work = force x distance == [M"Ll T2 x iL]

=[M'L*T2)

'USES OF DIMENSIONAL ANALYSIS

1. Conversion of units of a quantity from one system (o another.
2. To check the accuracy of formulae.
3. Derivation of formuiae.

Conversion of Units of a Quantity from One Sysfefn to
Another

Physical quantities can be converted from one system of units to
another. Due to this conversion, the aumetical part of physical
quantity changes bui the dimensions ané the overall quantity
remain the same,

Suppose a physical guantity has the dimensional formula
e Lb T

Let Ny and N; be the numerical values of a quantity in the
two systems of units, respectively.

In first system, Physical Quantity @ = Ny MY Lﬂ’T; == N U,

[n second system, Same Quantity 0 = NoM§ L‘;_’ T3 == Naly

A physical quantity remains the same irrespective of the sys-
tem of measurement, i.e.,

Q=NU=NU, = NMI=

- e[ 2] 2]

NaMELETS

So, knowing the quantities on the right hand side the value of.

Ny can be obtained.

Units and Dimensions 3.3

:2% Convert 1 joule into erg.

Soi. Joule: 8.1 system, erg: C.G.S. system

Work == force x distance ==mass x acceleration x length

ength )
= Mass X — % length
' (time)?
Dimensions of work = [W] = [M1L272)
a=1,b=32 ¢c=-2,
Now,
S.1L system My =1kg =bm 7=} Ny = lem

C.G.S. systemn My =1lg

5
£ 8
M1 TE ] T e
= N, £ =l —i , we have
M2 Lg Iz
i brg 2172
PO . 13}
lg lem s

” 1 ki3
o O =
21[300()::} F()}cm} =
Lg L em

So. 1 joule = 107erg,

using M

Convert 54 kmh~! into ms™1,

Sol. Let v =254 kmh:' = 1y ms™!

{v] = L¥ ! aU 0, b—] C-u,iml
ol [ mi s
54 % 1 y
=54 1 x 1000 x [3600]~! = 22X 1000 _ o
73600

Hence, 54 kmh™" = 15 ms™!

To Check the Accuracy of Formulae

The accuracy of the expression of any physical quantity can be
checked by using the principle of homogeneity. According (o
this principle, dimensions of varlous quantities as a whole on
both sides of an expression (refated to a physical guantity) are
equal.

Check the accuracy of the relation

v* — u? = 2q¢, where v and « are final and initial velocities,

a s acceleration and s is the distance.
Sol. We have v? — u? = 2as

Checking the dimensions on both sides, we get

LHS = [LT™'P — [LT P = [L2T2) — [L2T "] = [L2T"?]
“RHS = [L'TH[L) = [L*T 7
Comparing L.H.S. and RH.S.., we find LHS, = RHS.

Hence, the formula is dimensionally correct.

1
4 Emf2 is dimensionally correct or not, where symbols have

Check whether the relation Szttr

their usual meaning,
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