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radian

Plane angle in radian and Conversion of degree to ]

arc length

radius of circle

: d
;(ra)

degree to radian

radian to degree

y 360
2T

21 X 540
360

= 3nrad

i) 540° =

2m X 210

i) 210°=

360

7
= gn’rad

iii) 270° =

2 X 270

360

3
L rad



Functions
Input (x)
J - Input  variable is ’
- independent clgle
y=fx) output variable is
dependent.
Output (y)
[ Functions

A function IS a
mathematical relationship
between independent and
dependent variables

Trigonometric Algebraic Exponential

Logarithmic




Opposite side

Adjacent side

opp
tanf = —
an adj
cosecf = L 0 = 1 to = 1
~ siné SECY = cos@ cOLY = tan 0
0° 30° 37° 45° 53° 60° 90°
1
sin 0 O 1 E — é ﬁ 1
2 5 V2 5 2
VE] 4 1 3 1
cos 6 1 - — — = _ 0
2 5 V2 5 2
1 3 4
tan 0 O — — 1 — 3 oo
NE] 4 3 V3




] Trigonometric Ratios

sin (90° + 0) = cos @

sin (180°— @) = sinf
cos (90°+ 6) = —sinf
cos (180°—0) = —cos6
sec(180°— 0) = —sec#d

cosec (180°— @) = cosec
tan (180°— 8) = —tan¥6
cot (180°— @) = —cot@d

sin (90° — 6)
cos (90°—6)
sec (90° — 0)

cosec (90°— 0)
tan (90° — 0)

cot (90° — 0)

= cos@

= sin@

= cosec@

secf

cotd

= tan@



Trigonometric Formulae

Identities

Additive

Multiple angle

sin?@ + cos?8 =1

1 + tan® 8 = sec? @

1+ cot? @ = cosec? 0

sinfA + B) = sinAcosB + cosAsinB

cos(A + B) = cosAcosB + sinAsinB

tanA4 + tan B
1 +tanAtanB

tan(A + B) =

sin24 = 2sinA cosA

cos 24 = cos?A —sin?A = 1-2sin?A = 2cos?A- 1



[ @] Polynomials and Linear Function

‘ ‘ ‘ ‘ ‘ » Constants
y=fx)=ay+axt+a,x*+asx+ .....apx"
meN, a, 0] Variables

Maximum number
of solutions

Degree of a

polynomial = Highest power _

» Constants

y=/f(x)=ay+ax
fneN ,a, 0} Variables
Degree of a _ Highest power = Maximum number _

polynomial of solutions



Graph of Linear Function

y =ag+ a,x’

y = mx +c
m = Slope

c =y-intercept

y:

=

mx + C

Slope = tan#f

c =y-intercept

Slope

- Intercept
form



[ Straight Line Equation ]

y
A

y
? / (x2,¥2)
: /(x ) iﬁb)’1)
P
| BRI > x
|
|
|
L bei: o
|
_ . _(J’2—J’1)
y=mx-+c Y —y1) =m(x —x,) (y—J’1)—m(x—x1)



Quadratic Function

» Constants
y=f(x)=a,+ ax’+ a,x?
{neN ,a, # 0} Variables

Degree of a . — Maximum number —
: Highest power :
polynomial of solutions

The graphical representation of a Quadratic function is Parabola.

Quadratic equation: ax? + bx + ¢ = 0
Root 1: Root 2:
—b — Vb2 — 4ac —b +vVb2 — 4ac
a = =
2a

2a

Sum of roots Difference of roots Product of roots

Vb?%2 — 4ac aB =<
|B — al= a

a

a+ f=—

QT




Parabola (Quadratic Curve)

QO wv
> T
T
c 2
o Q
O 5

Concave
downwards




@ Find the roots of the Quadratic Equation,y = x% — 6x — 7
A

y
0and1
B I

(=1,0) (7,0)



Exponential Functions and their Graph ]

x — Index/exponent [x € real number]

b — base (Constant) [b>0andb # 1]
y — Output

flx) = 2% f(x) = 0.5% . ) = o

Euler’'s numbere =~ 2.718




Logarithmic Functions

[ Popular log functions ]

Natural

Logarithm

base = ¢,
f(x) =loge(x)
= In(x)
y =logg(x)
x = a¥

Common

logarithm

b, 1
base = 10, Ve
f(x) = logo(x) L0

b>1
a >0
a #1

x >0

Graph of Logarithmic Function y = log;, x

(b, 1)

(1,0)

0<b<1



Product Rule

Quotient Rule

Power Rule

log, mn = log, m + log, n
m
logy, o log, m —log, n

log, mP = p.log, m
logpb,1 =0

logy, b = 1

y = log, x



Limiting case of a secant |

y C D (x+h f(x+h)

d
—

Ay = f(x+h) - f(x)

————————————————————————— > X
- (Ay) o FEED) —f@)
Ay d Ax— Ax ]~ Ax—
slope (TYl) — E S]ope (m) — d—;): %20 \ Ax 20 h
| A limiting case of secant which ! O _ e (A_y>
I intersects the curve at two dx Ax-0\Ax

|
: infinitesimally close points is :
I called a tangent. I

Slope of the tangent = —z =y = f'(x)



Differentiation

[ Differentiation of Functions ]

Polynomial

Functions

Power Rule:

d
— n —
e (x™) = nx

n—1

Trigonometric Exponential
Functions Functions

Example of
Trignometric fuction:

a(sinx) = cosx E(ex) =e”

Logarithmic
Functions

dx



Differentiation of Trigonometric Functions ‘

d

—(sinx) = cos x — (cotx) = —cosec? x
dx( ) dx( )

d
—(cosx) = —sinx — (secx) = secx tanx
dx( ) dx( )
d

— (tanx) = sec? x — (cosecx) = —cosecx cotx
dx( ) dx( )



1 A
0.5
: /
SV
-1
-2T -31/2 -Tt -1/ 2 /2 T 31/2 2T
-360° -270° -180° -90° 90° 180° 270° 360°
1
0.5
0
-0.5 A
-1
-2m -3m/2 -T -1/ 2 /2 i 3n/2 2T
-360° -270° -180° -90° 90° 180° 270° 360°

o

Differentiation of a function
is nothing but finding slope

of curve at that point.
Differentiation of a sin
function at any point is a

cosine function.

Example at Position A and B



Properties of Derivatives

Derivative of a constantterm a :

—[a]=0 (@) =0

Derivative of a Function multiplied by a constant term a :

d[f (x)]
dx

d I
E[af(x)]za (af)’ =af

Derivative of sum or difference of two functions:

df (x) dg(x)
dx b dx

d
—[af () £ bg(x)] = a

(af £bg)" =af" £ bg'



—
Differentiate f(x) = 2cosx —tan45°secx + 3 with
respect to x

(secx) = secxtanx

d[f (x)] _ d(2cosx —tan45°secx + 3)
dx B dx

e S f'(x) =2 [cosx]' —1.[secx]"+ [3]
I Hint:
! ) ) : = —2sinx —secx.tanx
: (af)" =af !

|
| I g1 !
: Fx9) =f%g : = —2sinx —secx.tanx

|
|

, |

: E(COS x) = —sinx :
: |
: |
' |
: |
: /

S



[F]] Application of Derivative and Second derivative }
/4

To find the rate of change of one quantity with respect to another

Rate of change of _ dx ocit
position with time ~— gz ~ Yo o¢YY

d’y d (dy
dx? dx\dx

f @) = sin(x)
f'(x) = cos(x)
frx) = —sin)



—
If the motion of a particle is represented by,

x =([3+t? —t+2)m.
Find the position, speed of the particleatt =2s? I

Position x 3412 _t42 12m

First dx 2 1 15 m
Derivative Speed T 3tc + 2t 1+0




Slope of the curve and Increasing
and Decreasing Functions |

f(x) _
Increasing
y Slope of the curve
m=tan9=d—y f(x2)
dx
f(x1)
X
X1 X3
f(x)
D p i Decreasing
\3 fx1) < f(x2)
= f(x1)
f(xz)
Derivative of a function at a point gives X %,

slope of tangent at that point.

X1 < Xy

fx) > f(x2)



Mention where the function is increasing
or decreasing I

y
Increasing i i iii Decreasing
6 < 90° \ 6 > 90°
tanf > 0 k tanf <0
d d
250 2 <o

dx dx



—
@ Find the slope of the tangent to the curve y
= x% — 5x + 4 at point (5, 4). I

O
O

Hint:
Slope of the tangent (m)

dy d——ZX'S
= tanh = — _ (5.
an dx = (2*5)-5



=0

tan 6
X

.

Critical Points

Critical Points

Slope of Tangent

at critical points

tan@ =tan0° = 0



—
@ Find the critical points of the function
f(x) =2sinx ?

df (x)
dx

= 2cos(x)

cos(X) is has a maximum and minimum value of 1,-1.
So, critical points of the function is -2,2

DEETEEE OEETEE
DT




. Maxima and Minima _J

|

[ Critical points

Global
Maximum

Local
Maximum
y=fx)
Criti : dy
ritical Point/s =2 -0
dx

Global
Minimum

dzy

— <0

dx?
Condition for

Maxima

dzy
— >0
dx?

Condition for
Minima



Find the local maximum and minimum
for the functiony =x3—-3x+ 2.

y=x3—3x+2

Critical Points (x =1,—1) ﬂ =0
dx
d*y d?y
— = — —=6>0
dx? o=l dx?
Maximum Minimum

(at x = —1) (atx = 1)



4

r—A ball is thrown in the air. Its height at any time t is given by
h = 3 + 14t — 5t%. What is the maximum height attained by
the ball ?

h =3+ 14t — 5t

dh
—=14-10t=0>t=14s
dt

d*h : :
= —10 < 0 = Thereisa Maxima
t

h=3+14(1.4) —5(1.4)2 =12.8m



Product rule, Quotient Rule and Chain Rule I

Product rule Chain Rule
dif(x)-g()] df(x) dg(x)
dx = —ax IO TS ff =f@g);g =9

f9)' = f'g+fyg f)=f1lglg )
|_) Differentiate

iInner function

Quotient Rule
S Differentiate
outer function
d (Fa\ . g - D i)
dx (g(x)) B (9(x0)? df _df dg

dx dg dx

(i)' _fl9-fg'
g g?



—
@ Differentiate: f(x) = 1_1x2 w.rt.tox
using division rule. |

fx) =

1—x?

oo Ix(=2x)—(1-x*)x0
fi(x) = 172

2X
(1-x2)°

fle) =—

Hint:

d (@) _ @9’ = (99 ()
dx \ g (x) (9(x))?



Input [x]

gx)
—> Output

y=19)
—> Output

Composite Function \

Composite function — example

Where, f(g) = sin(g)
g(x) = x?

It can also be written as,

flg()] = sin(x?)



Hint:

e 1
@ Differentiate: g(t) = (at2_3t+2)?
using chain rule.

1
(4t? — 3t + 2)2

g(t) =

Put,x = 4t? — 3t +2

1 = g'(t) = _1 %
g(t) — W x3\ dt

2
=g'(t)=-—8t-3)

—2(8t — 3)
(4t — 3t + 2)3

=g'(t) =

fftx)=f'(g)- g (x)

w.r.t.

X

.



—
Differentiate:
f(x) =sin(x? + 5) + e* tanx W.r.t. x. I

f(x) =sin(x? + 5) + e* tanx

Using Chain rule and Product rule:
/ 2 d A
f'(x) = cos(x“ +5) -E(x + 5)

d d
— (eX) . x .
+dx(e ) -tanx + e dx(tanx)

f'(x) = 2xcos(x? + 5) + e*(sec? x + tan x)

— (tanx) = sec? x

dx

d

— (x™) = nx"?



Integration |

Function to integrate
(Integrand)

Integral symbol jf (X) dX

Variable w.r.t. which function is
to be integrated

Integral of f

[ Integration of Functions ]

Algebraic Exponential Trigonometric




Integration

.

[ Integration of Functions ]

Algebraic

This is also called as Indefinite integration

d(x™)

dx

nx

d(Inx)

dx

n-—1

1
b

KM+
jx"dx= +C
n+1

1
J—dx=lnx+C
X

d(e*) B
dx

Exponential

e

X

jexdx=ex+C

d(sinx)
dx

d(cosx)
dx

= COSX

= —sinx

Trigonometric

j cosx dx = sinx + C

f sinx dx = —cosx + C



j\/ﬁdx=?

Using the formula of integration

xH1
fx"dx= + C
n+1

5 2
[Vx3dx = ngZE\/E+C



Integration of Algebraic expressions I

Derivative of any constant term as a sum in original function becomes zero.
Hence, adding C to the result of integration. C gives the most general case.

G

a(x2)=2x 4
d
d f ==2x=2>y=x24C
a(x )=2X dx
: l A
a(x2 ) = 2x )

. . ,,

Properties of Integration I

jaf(x) dx = ajf(x) dx j[af(x) + bg(x)]dx = ajf(x) dx + bjg(x)dx

v



Important Formulae in
Indefinite integration _J

d(tanx)

= sec“x
dx

d(secx)

= secx tanx
dx

d(cotx)

_ 2
= —cosec*x
dx

d(cosecx)
dx

= —cosecx cotx

Jseczx dx = tanx + C

j secxtanx dx = secx + C

j cosec?xdx = —cotx + C

f cosecx cotx dx = —cosecx + C



1
@ f<4x3+;+sinx)dx=?

1
j (4x3 +—+ sin x) dx = x*+1In(x) —cos(x) + ¢

4x* + In(x) + cosx + C E 4x* + In(x) + cosx



YA

f)

ff(x)dx — Area under the curve

Geometrical Meaning of
Integration

Such a process is called Definite integration.

YA

f(x)

jf(x)dx — Area under the curve

fromx=atox=»



_____________________________)

f(x)

A

o

In the adjacent picture less number of pixels are there
and the picture quality is low.

Below picture more the pixels, better the picture quality.

Likewise, Smaller the element, less will be the error in
measuring area, which is mathematically integration

f(x)




~
Find the area bounded by the lines
y=x,y=0,x=2andx =6
J
) h(a + b)
Area of Trapezium = >

42+ 6

_ <2+ ) _ e

6
Area of Trapezium = j X dx

2
- H ~ 16
21,




-
@ Evaluate the integral: j
/s

N

"/

cosx dx

~

J

T/
j cosx dx = sin x
7/,

T/,
j cosx dx = 2

T/

|

" 7T -
sin- — sin
2

(

-



Properties of definite Integration I

YA

5 fa " FO0dx = L  dx 1 fb ) da

2) jaf(x)dx =0

3) f G = — jb Fdz

f(x)




N
4 1

| L v L

——dx ——dx =

2+/x 2+/x

1 4 )
4 1
fid +jidx—[\/§]4 VEL =0
12\/Ex 42\/% - 1+[X]4—




E Vector _J

A physical quantity is a vector when,
* |t hasa magnitude and a unit

°* |t has a direction

ldentify the Vector quantities

Mass Speed

Head

Temperature Velocity

Time Acceleration

Volume Electric Current

Tail



Definition and How to represent a vectorl

A physical quantity is a vector when,

* It hasa magnitude and a unit /“\

°* |t has a direction

It obeys laws of vector algebra | /—\ Algebraic

Vector

//_\\
/
/ N

Geometric

\ 4



\
N : Y
- v ~

—

B

Length 25
unit

Representation of a Vector l

Length 5 unit
30°E of N

Length 25 unit
53°W of N
37°N of W

Are these vectors different?

Assume that all
vectors have the
same magnitude
and are of the same
physical quantity
(Say Force)

N . 2




Properties of Vectors |

If a vector is displaced parallel to itself, then it does not change in magnitude or
direction.

é )

a1
ol
e
N
I
o]
_____J

G J

If a vector is rotated through an angle, other than integer multiple of 2w (or 360°), then
the vector changes.

4 )

ool

M)
>y
H#
ool

—

>y




How to measure angle between vectors? l | B

o~ ]

)

\
[ Step 1. ]
é 7 "\ ¢ Place vectors tail to tail or head to
) head
A
J
I 0, [ Step 2: ]
B > A’
\_ ) * Measure the smaller angle i.e. angle
which is less than 180° between
them




@ Find the angle between the vectors l

-~

30°% | 60°

(i) A and B is 90°

=)
<

(ii) A and C is 30°

(iii) A and D is 120°

=)




Collinear

Parallel

Negative

Types of Vectors |

Lie on the same line

Vectors along lines parallel to each other

Equal in magnitude but opposite in direction

Same magnitude and along the same direction

Zero magnitude



o |

From the following diagram, write (i) a pair of
equal vectors (ii) a vector, which is negative of F

\ 4




[— Find the net force on the block |

25N

v

Force on the block is O

Force on the block is 50 N



When two Vectors are aligned head to tail, their “vector
sum” or “resultant vector” is represented by the third side

Triangle law of vector addition I

of the completed triangle in the opposite order

-

1

\

-

.

—>

Step1: Join

>

J

Step 2: A

\

|

\_ Resultant Vector Y.

Commutative law

/

esl}




4

From the following diagram, find ,A+ B+ C + D = I

Arrangl.ng all vectors in hezﬁ)—?o—tall.manner. Using Triangle Law in AABC, AACD & AADE
According to polygon law, AE is their resultant.
A+B =P
4 N [ I
D . c
B
z////'// R\\\\ 5T
. A+B+C+D=E

A S
\ " N i B If several vectors are represented in
head-to-tail manner so that they form an
iIncomplete polygon, then the remaining
side of the polygon, drawn from tail of
first vector to the head of last vector, is
their resultant vector.




Polygon Law

i

Sum of all the vectors in cyclic order is a zero vector

e

AB +BC + CA

CA

AB

¢ )

BC




Unit Vector

J

[ Vector ]
| |

Vector divided by its own magnitude is a vector with unit magnitude and direction
along the parent vector.

=]




Resolution of a vector and Special unit vec
defined along coordinate axes

\-,,),

R sinf

i)

)
=

tors \

R cos@

R =R,i+R,j

ﬁ=RcosHi+Rsin9j

R sin@



Fill in the Blanks
@ J

6 = 30°

—15v2

15v2

\)

ool

—40

—40V3

&)



Magnitude

Direction

Magnitude and Direction (2D and 3D)|

R=\/R,ZC+R32,+R§




—
@ The unit vector along 4 = 21 + 37 is.. I

Solution :

o Y
Il
= >

|A] =\/Ax2+Ay2 =22 +32 =13

.S

_ 2 3
V13 Vi3




Parallelogram Law

If two vectors are oriented coinitial, representing two adjacent sides of a parallelogram, then
their resultant is represented by the included diagonal of the completed parallelogram.

[AC=AB+AD=13+§ ]

C Magnitude of the Resultant

IR| = JVP?% + Q2% + 2PQ cos 8

I

[

[

[

[

[

. Qsinf
: Direction of resultant
[

[

I

Q sin @
P+ Qcos@

X tana =




—

the figure. Find the angle AOB.

The resultant of vectors 04 and OB is perpendicular to 04 as shown in |

()

Magnitude of the Resultant

IR| =y/P%2 + Q% + 2PQ cos 6

Direction of resultant

Q sin @
P+ Qcos@

fana =

|IR| = /P2 + Q% + 2PQ cos 6

. _ Qsiné
and P+ Qcos6
- 6sin 6
an 4+ 6cosH

2
= -1 _
COS ( 3>

4



— £

A river is flowing at 4 m/s. A girl swims with velocity 3 m/s
perpendicular to the direction of flow. Find the resultant
velocity of the girl ?

Here,P =4ms™ 1,0 =3ms™%, 0 =90°

Magnitude of the Resultant : G fR-----——-—==——mmm—mm - .
S . |R] =16 + 9 + (2 x 4 x 3 X cos 90°)
IR| = /P2 + Q2 + 2PQ cos f : /7 = & et
3m/s B :
! X 3 X sin90° 3 370
: : . ana = =—Sq=
Direction of resultant : 90° ! 4 + 3cos90° 4
_ X a=37° :
. _ Qsiné s ) !
ana = P+ Qcosb o s P

[ IR| =5ms™ 1, a = 37° ]




p—
@ If the magnitude of the resultant of two vectors of equal

magnitudes is equal to the magnitude of either of the
vectors, then find the angle between two vectors?

R? =P? + Q% + 2PQ cos @

Q|

x%=x%+ x%+ 2x%cosf

COSQ=—% :\ S

=3

a~




|A— B| = VA% + B2 — 24B cos 0

B sin 6
A — Bcosf

fana =

Vector Substraction




Steps to add and subtract more than %
two Vectors I

A= A,i + A,] + Ak

B = Byt + B,J *+ B,k

C = Cyi + CyJ + Ck

Addition .
Subtraction

0 j k i j k
A A, A, A, A A, A, A,
B B, B, B, ] B, B, B,
c C, Cy C, c C, C, C,

S L

A+ B+ € =|(A4BACT |+ (A, +B,+C,)] |+ (4,+B,+C)R A-B-C=[(4,-B—Cot)+ (4,-B,~C,)j |+ (4,-B,~C )R |




—
If magnitude of the sum of two vectors is equal to the
magnitude of difference of the two vectors, then the angle I

between these vectors is,

Solution: |4+ B| = |4 - B]

VAZ + B2 4+ 2AB cos = /A2 + B2 — 24B cos 6

= 4AB cosf =0

= 6 = 90°



Range of the resultant vector |

Range of magnitude |P—Q| <|R|<P+0Q




—
It P of magnitude 5 unit and Q@ of magnitude of 7 unit are
added, then which of the following can not be thel

magnitude of the resultant vector?
Solution : Range of magnitude
IP—Q| <|R|<P+0Q

5-7|<|R|<5+7

2 < |R| <12



_
Find the vector A+ 2B + C,where A=2i —j+k, B =30+ 4] — 2k
and C =i—j—k and also find its magnitude. I

Solution:
A=21—j+k A=21—j+k,
~ A B =31+ 4] — 2k
2B = 61 + 8f — 4k
C=i—j—k
C=i—-j—k
D=A+2B+C =91 + 6] — 4k

ID| =92 + 62 + 42 = /133

[|B|=JE§']




Dot Product and Cross Product | %

The scalar product or dot product of any two A vector in magnitude equal to the product of the
vectors 4 and B, denoted by 4. B is defined as magnitudes of two vectors with the sine of angle
the product of their magnitudes with cosine between them and in direction perpendicular to
of the angle between them. the plane containing the two vectors considered.
71 is a unit vector perpendicular to a and b both and
[ A.B = AB cos 0 ] 0 isangle (0 < 8 < n) between two vectorsa and b .
[ AxB=ABsin0 ]
2
. !
B
0

|



Right hand thumb rule

To find the direction of @ x b

Draw d and b such that they are coinitial.

Place the stretched right palm perpendicular

to the plane of @ and b such that the fingers
are along a and when the fingers are closed,

they go towards b.

The direction in which thumb points gives
the direction of ¢ = d X b.




If |4| = 2,|B] =3 and the angle between 4 and B i

S —
@ then find 4 - B.

Given : |/T| =2, |§| =3 and 6 = 60°
Tofind: A-B

Solution ;

S 60°, \



pa—
@ Find the magnitude and direction of 4 x B and B x 4,

where 4 & B lie in x — y plane.

Given : |/T| =5, |§| =4 and 6 = 30°

Tofind: 4-B

Solution ;

| = 5 x4 xsin30
Al =10
§></T=—1012J




