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---------------------

1.  Distance Formula: d= J —Nz)2+(}'1 5‘:)2
my,£n
2.  Section Formula : x = MEX; ,  MY2Z Yy
m#n m+n

3. Centroid, Incentre & Excentre:

(X +Xp+X3 Yi+Y,+Y3 ] ncentre | [33‘1"'0"2'*' Cx3 ay,+Dy,+Cy; J

Centroid G 3 ‘ 3 a+b+c ' a+b+c

\

Excentre |,

( —ax,+bx,+Cx, —ay,+by,+cCy,
-a+b+c ' -a+b+c

\
4. Area of a Triangle:

Xy yq 1
X3 Yy, 1
X3 Y¥y3 1

1

A ABC = 2

S. Slope Formula:

)  Line Joining two points (x, y,) & (X, y,), m = :" _i’
17 A2
Xy ¥y 1
6. Condition of collinearity of three points: |x, y, 1| =0
Xa Y3 1
7. Angle between two straight lines : tan9 = —Ma .
1+m1m2
8. Two Lines : ax+by+c=0and a’x+ by+ ¢ =0 two lines
1ammwi—£¢5
* p a." h.!' EP o
2. Distance between two parallel lines = |—1—2
aZib?

3 Perpendicular: If aa” + bb” = 0.
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10.

1.

12.

“WnN

o

N o oo

A point and line:

ax, +by, +c¢

1. Distance between point and line =

X—X - ax ;+by ,+¢C
2. Reflection of a point about a line: 1_J Y1:_.2 1T 0y 1

a b al+b?
X—Xq YY1 ax,+by,+c
3. Foot of the perpendicular from a pointonthe lineis ~—~ = = =~ 2,2
a“+b
. : ax+by+c
Bisectors of the angles between two lines: &' ™' -, s
-,faz+b2 Ja'2+b?
a, b,
Condition of Concurrency :of three straight lines ax+ by + ¢ =0,i=1,23is{a, b,
a. b;
A Pair of straight lines through origin: ax?+ 2hxy+ by? =0
2,/h?—ab
If 8 is the acute angle between the pair of straight lines, thentan© = | ;|-
CIRCLE
Intercepts made by Circle x>+ y>+ 2gx + 2fy + ¢ = 0 on the Axes:
(a) 2 \/gz—-c on x -axis (b) 2 f2-c on y - aixs
Parametric Equations of a Circle: x=h+rcosf; y=k+rsin0
Tangent :
(a) Slope form : y=mx + 3 y1+m?
(b) Pointform : xx, +yy =a‘orT=0
(c) Parametric form : xcosa +ysina = a.
Pair of Tangents from a Point: Ss_=T2
Length of a Tangent : Length of tangent is /S,
Director Circle: xZ + y> = 2a* for x* + y* = a?
Chord of Contact: T=0
1. Length of chord of tact s
. Lengin ol cnora ol contaclt =
JRZ 412
R

2. Area of the triangle formed by the pair of the tangents & its chord of contact = R2. 2
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L2-R?

4. Equation of the circle circumscribing the triangle PT, T, is: (x —x,) (x+g) +(y—-y,) (y + ) = 0.
8. Condition of orthogonality of Two Circles: 2g,g.+2f f,=c +c..
9. Radical Axis :S,-S,=0 ie. 2(g,-g,)x+2(f-f)y+(c,—c)=0.
10. Family of Circles: S, +KS,=0,S+KL=0.

3. Tangent of the angle between the pair of tangents from (x_, y.) = [

PARABOLA

1. Equation of standard parabola:
y* = 4ax, Vertex is (0, 0), focus is (a, 0), Directrixisx+a=0and Axisisy =10
Length of the latus rectum = 4a, ends of the latus rectum are L(a, 2a) & L' (a, — 2a).

2. Parametric Representation: x = at? & y = 2at
3. Tangents to the Parabola y* = 4ax:

1. Slope form y = mx + = (m =0) 2. Parametric form ty = x + at?

I

3. PointformT=0
4. Normals to the parabola y* = 4ax :

y-y, = —-%'—- (x-x)at(x, y) :y=mx-2am-am?®at (am? — 2am) ; y + tx = 2at + at® at (at*, 2at).

d
ELLIPSE

2 2

1.  Standard Equation : = ;2 =1, where a> b & b? = a2 (1 — e?).
a

b? -
Eccentricity: e = ]_ﬂ1 ~—5,(0<e<1), Directrices : x =% 5
a

Focii: S =(x ae, 0). Length of, major axes = 2a and minor axes = 2b
Vertices: A'=(—a,0)&A=(a 0).

2‘32
Latus Rectum: = < =2a(le?)

a
2. Auxiliary Circle : x* + y? = a2
3. Parametric Representation : x=acos9 &y=bsin 9
4. Position of a Point w.r.t. an Ellipse:
X ¥i
The point P(x, y,) lies outside, inside or on the ellipse according as ; — + 2 -1><or=0.
| a
: . 2 .
S. Line and an Ellipse: The line y = mx + ¢ meets the ellipse :2 | iz =1 in two points real, coincident
or imaginary according as ¢?is < = or > a’?m? + b?.
XX1 . YY
6. Tangents: Slope form:y=mx % Jazm2+ b2 , Point form : 321 + t:-21 =1
Parametric form: X980 ¥sino _,

a b
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2 2 2 1.2

ax b a“—b“Jm

Normals: i . a? - b? ax.sec0 - by cosecO= (a?2-b?),y=mx- ( ) +
Xt W J32+ b°m?

Director Circle: x> + y? = a? + b?

HYPERBOLA
2 ?2
Standard Equation: Standard equation of the hyperbola is —5 - . =1, where b?>=a?(e? - 1).
d
Focii: S =(t ae, 0) Directrices : x= % 2
¢
Vertices :A=(ta, 0)
oh2
Latus Rectum (¢): (= Y =2a (e’ -1).
Conjugate Hyperbola : r': - ; =1 & —K; + ; =1 are conjugate hyperbolas of each.
d” T d” i
Auxiliary Circle : x2 + y?= a2,
Parametric Representation : x=asec6&y=btan
Position of A Point 'P' w.r.t. AHyperbola:
2 2
S, = x‘_j - }I} —1 >, =or < 0 according as the point (x, y,) lies inside, an or outside the curve.
ﬂ-d- -
Tangents :
(i) Slope Form :y=m x+/a’m’ — b’
(i) Point Form : atthe point (x, y,) is ""'F;' ~ ﬂ';’ =1
a” b~
(iii) Parametric Form : sec® _ Y l:"ﬂ =1.
d
Normals :
a’x  b?
(a) at the point P (x,, y.) is + -2 = a‘+ b’=a’e’
Al Y1
. ax by _ B i s
(b) at the point P (a sec 6, btan 0) is + =a’+ b’=a’e’,
sec  tan®
; . . (ﬂz+h2 )m
(c) Equation of normals in terms of its slope 'm'arey = mx £ —= =
\/ﬂ“—hztl'l"
Asymptotes : 2+¥=0 and ZE2_Y-0.Pairof asymptotes : x, - Y,, =0.
a b a b a- b’
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Rectangular Or Equilateral Hyperbola : xy = ¢, eccentricity is /2 .

Vertices : (x ¢ +c) ; Focii :(t J2c+ ﬁc). Direcirices : x +y = J_rﬁ C

Latus Rectum (/) : ¢=2+2c=TA. =CA.
Parametric equationx =ct,y=c/t,t ¢ R- {0}

Equation of the tangent at P (x, y,) is xl + :— =2&atP(t)is %+ ty=2c.
l - |

Equation of the normal at P (t) is xt* —yt=c (t*-1).
Chord with a given middle point as (h, k) is kx + hy = 2hk.

LIMIT OF FUNCTION

Limit of a function f(x) is said to exist as x — a when,

some finite value M.

Limit _ Limit
h*‘*ﬂ+ f(E‘—'h) = h—*ﬂ+ f(3‘|'h)

(Left hand limit) (Right hand limit)

Indeterminant Forms:

() oo

y—, 0 X eo 00—00 2% (° and 17.

0 oo

Standard Limits:

Limit SINX  _ Limit tanx _Limit tan™'x _ pimit SINT'X _ Limit =1 _ Limit ((1+%) _

x =0 X x =0 X = x=0 X x =0 X x—0 X x =0 X 1
g I 1 X - L _— n an
Lmt (4 + xym = Lt [1+-] ce, UMt 2150050, Lmit X2 _ g
X X X—a
Limits Using Expansion
212 3.3 2 3
, q xlna x“In“a x"In“a . ¥ X X X
= e o essea ﬂ' ) [ ettt pie pi e R PLEUTRLE
(i) a'=1+ 1 . T + 3l + a> (i) e 1+ 1!+ T + i +.
x? J(3 xd ‘ 3 3(5 x?
+x) = X 1 B s, for-1<x<1 (i sin X =X | -
(i) In (1+X) 53 a (iv) 5 7
2 4 3 3 E
X X X X" 2
CosSX =1—- —+ - + oeens = X+ —+ S
V) 24 N e 3 15
X 5 T 2 2 nl 2n2rl
, X X X + ™ 9 T3 .5 13D
XY= X—— o —— Ix = X4+ —X" + X
(vii) tan'x i 3 + (vii)  sin'x 3 5 7
nn-1)  nn-1)(n-2)
(%) for|x] <1, ne R(1+Xx)"=1+nx + 1 2 xX¢ + 12 3 > e LR oo

lllll
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5.

i

Limits of form 1%, 09, co°
Also for (1)” type of problems we can use following rules.

Im (1 4+x)m=e, M [fo)J0 wheref(x) >1 ; g(x) > asx—a=liM = lmieo-Tee

Sandwich Theorem or Squeeze Play Theorem:

If f(x) <g(x) <h(x) V x & UMt gy =, =LIMit ) thenLiMit gon =

X—d

METHOD OF DIFFERENTIATION

Differentiation of some elementary functions

1dn- n-1 zd:-x: 3d,-- -l 4d| -

* dx (x") = nx " (a¥) = a*ina * dy (.n|x|)-x 'dx(ﬂg“x)_xtna
5 i H — G i —_ H ? e —_ t

- (sin Xx) = cos x 6. pre (cos x) =—sin x - o (sec x) = sec x tan x

d
8. — (cosec x) = — cosec x cot x (tan x) = sec?x 10. yw (cot x) = — cosec? x

dx 9 dx

Basic Theorems

d d d d
1.5 (2@ =10)xg'(x) 2. - (kf(x)) =k - 1) 3. - (f(x) . g(x)) =1f(x) g°(x) + g(x) F'(x)

d [f(x) ] ax)f(x)-f(x)g(x) d _ ,
ax) | = 5. o (@) = F(g(x)) g’(x)

“dx o) | T g°(x)

Derivative Of Inverse Trigonometric Functions.

dsin”" x - — 1 - dcos ' X = 1 for=1<x<1
dx Vi-x2 ' dx 1-x2 |
dtan'x 1 dcot”'x _ 1
dx  1+x*'  dx  1+x° xe
dsec ' x 1 dcosec 'x 1
= . = ————— forxe (—e, = 1)U (1, )
dx || VX2 —1 dx x| VX2 -1

Differentiation using substitution

Following substitutions are normally used to sumplify these expression.

(1) x2 a2 by substituting x = a tan 8, where - % <f< g
" _ ; s rt
() a? _x? by substituting x = a sin 8, where - 5 S0s5
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(i) x? _g° by substituting x = a sec 0, where 0 € [0,

X+ @
(Iv) —

Parametric Differentiation

| dy dy/do
If y = f(0) & x = g(B) where 8 is a parameter, then dx _ dx/do -

Derivative of one function with respect to another
~ o dy dy/dx f(x)
Lety = f(x); z = g(x) then dz dz/dx g

f(x) a(x) h(x)

by substituting x = a cos 8, where 6 ¢ (0,

],

).

If F(x) =(I(x) m(x) n(x)|, where f, g, h, I, m, n, u, v, w are differentiable functions of x then

u(x) wv(x) wi(x)

fi(x) g'(x) h'(x) [fe0 gx) h(x) f(x) g(x) h(x)
F o) =[I(X) mXx) n)| +'(x) m(x) n(x) +[Ix) mx) nx
u(x) vix) wx) jux) v(x) w(x) u'(x) v'(x) w'(x)

APPLICATION OF DERIVATIVES

Equation of tangent and normal

Tangent at (x,, y,) isgivenby (y-y,)=f(x)(x—=x); when, f(x,) is real.

1
f(x4)
Tangent from an external point

And normal at (x, . y))is (y-y,)=-

(x = x,), when f'(x.) is nonzero real.

Given a point P(a, b) which does not lie on the curve y = f(x), then the equation of possible tangents to the

curve y = f(x), passing through (a, b) can be found by solving for the point of contact Q.

£ () = f(h) b
M=
Qih, f(h))
F(ah)
y = f(x)
Figure
, , f(h)-b
And equation of tangentisy-b = e (x—a)

Length of tangent, normal, subtangent, subnormal

)  PT=|k| [1+— = Length of Tangent
m

@)  PN=|k|Vi+m? =Length of Normal
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(iii)
(iv)

™= % = Length of subtangent

MN = |km| = Length of subnormal.

Angle between the curves

Angle between two intersecting curves is defined as the acute angle between their tangents (or normals) at the
point of intersection of two curves (as shown in figure).

my —m,
1+ myms,

lan o =

Shortest distance between two curves
Shortest distance between two non-intersecting differentiable curves is always along their common normal.
(Wherever defined)

Rolle’s Theorem :
If a function f defined on [a, b] is

(0
(i)

then there exists al least one real number c betweenaand b (a < c < b) suchthat f(c)=0

continuous on (a, b () derivable on (a, b) and
f(a) = f(b),

Lagrange’s Mean Value Theorem (LMVT) :

If a function f defined on [a, b] Is

()]

then there exists at least one real numbers between a and b (a < ¢ < b) such that

continuous on [a, b] and (i) derivableon (a, b)

Useful Formulae of Mensuration to Remember :

1.

2
3.
4

10.

1.

12.
13.
14.

Volume of a cuboid = ¢bh.
Surface area of cuboid = 2(rb + bh + h().
Volume of cube = a*

Surface area of cube = 6a“

1
Volume of a cone = 3 w r<h.

Curved surface area of cone = nr¢ (¢ = slant height)

Curved surface area of a cylinder = 2nrrh.

Total surface area of a cylinder = 2nrh + 2nr-,

4
Volume of a sphere = 3 e,

Surface area of a sphere = 4xr-.

+ 1 . +
Area of a circular sector = E r- e, when 8 isin radians.

Volume of a prism = (area of the base) x (height).
Lateral surface area of a prism = (perimeter of the base) x (height).

Total surface area of a prism = (lateral surface area) + 2 (area of the base)
(Note that lateral surfaces of a prism are all rectangle).

f(b)—f(a)
b_a T
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(1)

(iii)

(v)

(vii)

(1x)

(xiii)

(xiv)

2

dx X _ d x | X

== =S8iN"'— +C (xvi) —=—tan™'— + ¢
q° —x- a a~+x- a a

dx | B dx >

(xvii) =—> =—86C'— +¢ [xwu}‘l' =(n|X+4X +a [+cC
[x|x“-a a a 2132

dx — dx | | a+x

- =fn | X T+ 44X —a + C (xx) - — =— “————a_x +C
X" —a° a =X 33

1
15. Volume of a pyramid = 3 (area of the base) x (height).

1
16. Curved surface area of a pyramid = 2 (perimeler of lhe base) x (slant height).

(Note that slant surfaces of a pyramid are triangles).

INDEFINITE INTEGRATION

If f & g are functions of x such that g’(x) = f(x) then,

_[ f(x)dx=g(x)+ c & di {g(x)+c} = f(x), where c is called the constant of integration.
X

Standard Formula:

n+1
(ax+b) dx 1
ax + b)"dx = +c,n#—1 i =— (n(ax+b)+c
I{ ) a(n+1) (i) J ax+b a ( )
| | yP*+d
_[ e*?dx =— e™"+ (iv) _[ ar+a dx = — - +c;a>0
a p fna

I cos (ax + b) dx =l sin (ax+ b) + ¢
a

(vi)

J sin (ax + b) clx=—-—l~ cos (ax+ b)+c
a

j tan(ax+ b) dx = L (nsec(ax+b)+c (viii) _[ cot(ax+b)dx = L (nsin(ax +b)+ c
a a
| 1
_[ sec’* (ax+ b)dx=—tan(ax + b) + C (x) J cosec’(ax+ b)dx= ——cot(ax +b)+ cC
d a
| ‘ﬂ: X
I secx dx = (n (secx + tanx) + c OR fn tan [1 + :J+ C

X
I cosec X dx = (n (cosecx —cotx) + c OR fntan— + ¢ OR — fn (cosecx + cotx) + C

c
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a2 [x+q‘x2+az]
+C

5 ; X = -
xXXili J X“+a“dx=— . /x"+a°- +— In
oxiii) | >V - a

a2 [X+\lez—ﬂz J
+C

— X —
(xxiv) _[ \/x —a~ dx E\f}c =a" = a

r

3. Integration by Subsitutions
If we subsitute f(x) = t, then f’(x) dx = dt

4. Integration by Part :
d
I(f(x) a(x)) dx = f(x) J'(g(x))dx . j[a(f(x))j(gfx))dx ]dx

_ dx I_ dx
5. Integration of type I i b \[ax5+hx+n .Haxzmmc dx

Make the substitution x + —;— =1
d

6. Integration of type

PX+q

pX+q
ax? +bx+c dx, '[Ja

x% +bx+c

dx, I(px+q)\[axz+bx+c dx

Make the substitution x + 23 =1, then split the integral as some of two integrals one containing the linear
a

term and the other containing constant term.

i Integration of trigonometric functions

(i) _[ ax OR _[ i OR I o ut tan x =t
a + bsin?x a + bcos®x asin’x + bsinx cosx + ccos’x P '
dx dx dx X
ii : OR OR ttan— =t
(i) -[ a + bsinx -[ a + bcosx I a + bsinx + ccosx "V 2

acosx+bsinx+c d
(1ii) I dx. Express Nr=A(Dr) + B— (Dr) + ¢ & proceed.

f CosSX+msinx-+n d x

8. Integration of type

j x? +1
dx where K is any constant.
x*+ Kx?+ 1 y

.l
Divide Nr & Dr by x* & put x + % =t.

9. Integration of type
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_[ fx OR _[ dx ; put px + q =t2,
(ax +b) ,/px +q (ax2+bx +C L,fpx+q

10. Integration of type

dx 1 dx 1
I ,putﬂl+h=?; J ” ; ,putx=*t-
(ax +b)Jpxz+qx +r (ax“+b) ypx“+q
DEFINITE INTEGRATION
Properties of definite integral
b b b a b c b
1. [fe) ax= [rwat 2. [10x) dx=~ [f0x)dx 3. 100 dx= [foodx + [i(x) dx
a a a b a a c

d H [ a
4 [100dx = [(00+Fx) dx = ﬁlf{x)dx CfEx) =(x)
-d 0

0 . f(=x) = =f(x)
b Ly
5. If{x} dx =_[f(a+b—x) dx 6. J'f(x _[f(a X)
a a 0
2a a 2If(x)dx . f(2a-x) = f(x)
7. 100 ax = [(fo0+fa-x) dx = | 3
3 4 0 . f(2a = x) = =f(x)
8. If f(x) is a perodic function with period T, then

a+nT

nT T
jf(x} dx =n Jf(x)dx, ne z, jf(x) dx =n Jf(x)dx nez ae R
0

nt a+nT

Jf(x) dx =(n-m) Jf{x}dx m,ne z, Jf(x) dx = If(x]dx nez acR
b+nT

If(x) dx = J'f(x}dx nezabeR

a+nl

b b
9. If y(x) < f(X) <0 (X) for a<x<b, then Jm(x) dx < jf(:t) dx < jo{x} dx
b
10. fm<f(x)<Mfora<x<b,thenm(b-a)< If(x)dxﬂM(h—-a)

b
. jf{x) dx

b b
< Il f(x) | dx 12.  Iff(x)>0o0n[a, b] then If(x) dx >0

L " dF (x)
Leibnitz Theorem : IfF(x)= Jf{t} dt , then B h'(x) f(h(x)) —g’(x) f(g(x))
g(x)
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BASICS

Intervals :

Intervals are basically subsets of R and are commonly used in solving inequalities or in finding domains.
If there are two numbers a, b € R such that a < b, we can define four types of intervals as follows :
Symbols Used

(i) Open interval : (a, b) = {x : a< x < b} i.e. end points are not included. () or ]I
(ii) Closed interval : [a, b] = {x: a< x < b}i.e. end points are also included. []
This is possible only when both a and b are finite.

(i) Open-closed interval : (a, b] = {x:a<x<Db)} (] or 1]
(Iv) Closed - open interval :[a,b)=x:a<x<Db} [) or []
The infinite intervals are defined as follows :

(i) (a, =) ={x:x>a} (i) [, =) ={x: x > a}

(i) (=, b)={x:x<Db} (iv) (oo, b] = {x : x = b}

V) (—oo,0)={X:X € R}

Properties of Modulus :
Foranya, be R

a |a|
1al =0, |a] = |-a, |a| = a, |a] > -a, |ab| = |a] |b], b| = |b|
|a + b| < |a| + |b], |a—Dbj| =2 [|a] - [b]|
Trigonometric Functions of Sum or Difference of Two Angles:
(a) sin (A £ B) = sinA cosB £ cosA sinB . 2 SInA cosB = sin(A+B) + sin(A-B) and

and 2 cosA sinB = sin(A+B) — sin(A-B)
(b) cos (A £ B) = cosA cosB + sinA sinB
.. 2 COSA cosB = cos(A+B) + cos(A-B) and 2sinA sinB = cos(A-B) — cos(A+B)
(c) sin?A — sin*B = cos?B — cos?A = sin (A+B). sin (A- B)

(d) cos’A — sin’B = cos’B - sin’A = cos (A+B). cos (A- B)
cotAcotB+1
cotB +cot A

€  cot(A+B)=

tan A +tanB + tanC-tan A tanBtanC
U tan(A+B+C) “1-tanAtanB-tanBtanC-tanCtanA -

Factorisation of the Sum or Difference of Two Sines or Cosines:

5 C+D c-D

(a) sinC + sinD = 2 sin e cns% (b) sinC —sinD = 2 cnsT sinT
B Cc+D c-D
(c) cosC + cosD = 2 cos E-':;—D Cos 2] (d) cosC —cosD = -2 sin > sin 3

Multiple and Sub-multiple Angles :

0
(a) cos 2A = cos’A — sinA = 2cos’A-1=1-2sin’A; 2 cus’a =1+ cosH, 2 sin?E =1-cosH.
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2tanA 1-tan®A

I = - 1 = 1 — in?
(c) sin 2A T tanZ A * cos 2A EaRTA (d) sin 3A = 3 sinA - 4 sin’A
(e) cos 3A = 4 cos’A - 3 cosA () tan 3A 3tanA—tan”A
— — n —
1-3tan’A
Important Trigonometric Ratios:
(a) sinne=0 ; cosnm=(-1) ; tannrn=0, wherenel
I 15!1 1 i — _‘/_5_':! = ?5& E ®
(b) sin or sin 12 - 2h " cos Or cos 12 :
. T V34 . _ 5r |
cos 15° or 00512 = ok = sin 75° or sin 1 :
= \/5-1 _— — o . o _@ = — o
tan 15° ==~ =2 /3 =cot75°;tan75° = N =2:./3 =cot 15
i 1 : - [ 'Jg_.l o E - J§+1
(c) sin 10 orsin 18° = 2 & cos 36° or cusS =2
Range of Trigonometric Expression:
- Ja?+b? <asin®+bcosh < ,a’+b?
Sine and Cosine Series :
' | | | o sin "213' | n-1
sina +sin(o+ P) +sin(a+20) +...... +5|n(n+n—1|i)= —0 Sin | &+ 3
sint 2

M

— 5inn2|3 n—1
cosa +cos(o+p)+cos(a+2B8)+...... + cus(u + n_1|3)=—ﬁ COS {ﬂ 1 4[5)

int 2
sin 5

Trigonometric Equations
Principal Solutions: Solutions which lie in the interval [0, 2r) are called Principal solutions.
General Solution :

(1) sinH=sinu=:>B=nn+(—1)”awhereue[—%,ﬂ,nz—:l.

(ii) cosBb=cosa=0=2nnzxawherea e [0, ], ne .

2" 2

(iii) tanB=tanu—:~«B=nn+rxwhereuE[—-E.E).neI.

(iv) sin‘® = sin“ o, cos?*0 = cos* o, tan*B=tan‘o =0=nnxo.

QUADRATIC EQUATIONS
1. Quadratic Equation: ax*+bx+c=0, a=0
~b+b® - 4ac . | o + .
X= ., The expression b — 4 ac =D is called discriminant of quadratic equation.

2a
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b C
If o, B are the roots, then (a) o + 3 = - = (b) af= =

A quadratic equation whose rootsare o & f§,is(x-o) (x-f) =0 ie. X*-(a+pP)x+up =0

Nature of Roots:
Consider the quadratic equation, ax*+bx + c=0having o [ asitsroots;D=b*-4ac

|
l |

D=0 D+0
Roots are equala. = § = - b/2a Roots are unequal

l |

a,bce R&D=>0 a,bce R&D<0

Roots are real Roots are imaginary . =p+iq, f=p-iq
abce Q& abceQ&
D is a perfect square D is not a perfect square
= Roots are rational = Roots are irrational

b le.a=p+yq,p=p-+4q
a=1,b,ce 1&Dis a perfect square
= Roots are integral.
Common Roots:
Consider two quadratic equations a, x*+ b x+c, =0&a,x*+b,x+c,=0.

. : . a b C

(1) If two quadratic equations have both roots common, then o ) B S
a by €

N . Cidy —Crd bicy = by

(i) If only one root « is common, then o = 122 291 = 172 2+

atby —as by ¢jar —c¢ra

Range of Quadratic Expressionf(x)=ax*+bx +c.

Range in restricted domain: Givenx e [x , x ]

(a) If—jl_ ¢ [x,, x,]Jthen, f(x)e \min {f(m)*f(xz)}, max {f(x1),f(x2)H

d

b

2a

(b) If - a

e [x,, X, then, f(x)e [min{f(m),f(xﬂ.—%}. max{f(m).f(xz).—%”
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5. Location of Roots:

Letf(x)=ax*+bx+c,wherea>0&a b ce R.

(i) Conditions for both the roots of f(x) = 0 to be greater than a specified number'x,’ are
b* -4ac=0; f(x,) >0 & (-b/2a) > x,.
(ii) Conditions for both the roots of f(x) = 0 to be smaller than a specified number ‘x ' are

b*-4ac=0,;f(x,)>0& (-b/2a) < x.
(iii) Conditions for both roots of f(x) = 0 to lie on either side of the number ‘XG‘ (in other words the
number ‘x ' lies between the roots of f(x) = 0), is f(x,) < 0.

(iv) Conditions that both roots of f(x) = 0 to be confined between the numbers x, and
X, (X,<x,)areb*-4ac=>20;f(x)>0;f(x)>0&x <(-bl2a) < X,.

(V) Conditions for exactly one root of f (x) = O to lie in the interval (x,, x,) i.e.
X, <x<Xx,isf(x,). f(x,) <0.

SEQUENCE & SERIES

An arithmetic progression (A.P.) : a,a+d, a+2d,....... a+(n-1)disanA.P.

Let a be the first term and d be the common difference of an A.P., then n"term =t =a+(n-1)d
The sum of first n terms of are A.P.

n n
S = 2 [2a+ (n=1)d]= EEEH (]
r'" term of an A.P. when sum of firstr terms is givenist =8 =S .

Properties of A.P.
() Ifa,b,careinAP. =22b=a+c&ifa,bc,dareinAP. = a+d=b+c.

(ii) Three numbers in A.P. can be taken as a d, a, a +d; four numbers in A.P. can be taken as
a-3d,a-d,a+d,a+3d; fivenumbersinA.P.area-2d,a-d, a,a+d,a+2d &sixtermsinA.P. are a
-5d,a-3d,a-d, a+d, a+3d, a+ 5d etc.

(iii) Sum of the terms of an A.P. equidistant from the beginning & end = sum of first & last term.

Arithmetic Mean (Mean or Average) (A.M.):

If three terms are in A.P. then the middle term is called the A.M. between the othertwo, soifa, b, carein
AP.bisA M. ofa &c,

n— Arithmetic Means Between Two Numbers:
If a, b are any two given numbers & a, A, A,,......, A, bareinA.P.thenA, A,,... A are the

b—a 2(b—a) ni(b—a)

nA.M.'s betweena &b. A, =a + A, =a+ — . ==
n+ 1l n+ 1 n+ 1
1]
Z A, = nA where A is the single A.M. between a & b,
r=1
Geometric Progression: a, ar, ar?, ar?, art,...... is a G.P. with a as the first term & r as common ratio.
alr" -1
0 n'h term = a1 (ii) Sum of the first nterms i.e. S =<7 —7 | #1
na .

(i)  Sum of an infinite G.P. when |r| <1isgivenby S_ =1i (I <1).
ot
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Geometric Means (Mean Proportional) (G.M.):

ifa,b,c>0arein GP., bis the GM. between a & ¢, then b? = ac

n—-Geometric Means Between positive number a, b: If a, b are two given numbers & a, G, G,,....., G,
barein GP.. Then G,, G,, G,,...., G, are nGM.s between a & b.
G, = a(b/a)V"1, G, = a(b/a)¥"1,......, G, = a(b/a)Vn*1
Harmonic Mean (H.M.):
. ) 2ac
ifa,b,careinH.P., bisthe HM. between a & c, then b = arc"
. 1 12,2, .1
HM.Hofa,a,,...... a,is given by il P 3
Relation between means :
G*=AH, AM.z2GM.zHM. and AM.=GM. =H.M. f a,=a,=a,=........=8a
Important Results
(i)Y (a+b)=Y azxy b. (i) X ka=k Y a. (i) 2 k=nk; where k is a constant.
r=1] =] r=] r=1] r=| r=1
: g nin+l) . nin+1)(2Zn+1)
(iv) Y r=1+2+3+. ... tn=——— (v) ) rP=12+22+32+ ... +n2=- = 4
r=1 - r=]
n 2 .
(Vi) D P13+ 234334 ... +nd=2 {T”
r=] f
n
(vii) 2 Eﬂi a; =(a, +a,+*..... + 8= (A5 a5 +: 8.2
i< )=

Statement of Binomial theorem : Ifa, be Randne N, then

n

(a+b)" = ncﬂ a"h? + "'(_‘,1 a~'p! + ncz am2p2 +.. + ncr a b+, + ncn 2% p" = Z “Cr 9™"'p’

r=0
Properties of Binomial Theorem :
(i) Generalterm: T ="C a"'b'
(i) Middle term (s) :
n+2
(a) If nis even, there is only one middle term, which is ( 5 th term.
n+1 n+1

(b) If nis odd, there are two middle terms, which are [T ]th and [T+1 ]th terms.

|‘"|| f f |
Multinomial Theorem: (x, +x, +x + ... X )" = Z STANA X7 Xg X

I'-| +r: +...+fh =N

Here total number of terms in the expansion= "*'C__
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Application of Binomial Theorem:

If (JE+B)“ =1+ f where Il and n are positive integers, n being odd and 0 < f < 1 then
(1+f)f=k"where A-B?=k>0and JA-B <1.
If n is an even integer, then (I +f) (1 -=f) = k"

Properties of Binomial Coefficients :
@i) "C,+"C,+C,+........ +7C_=2r

(i) "C,="C, +"C,="C,#+ ..c0ovurnens +(~1)""C_=0
("l) ncﬂ v nC? b4 ncd T oo = nc'q + HCH * “cﬁ * ... = 2|'|-1
n
C, n—r+1
QV) "Cr * IIIr':r e r|+|cr (U} K - r

Binomial Theorem For Negative Integer Or Fractional Indices

n(n -1) - nn-1(n-2) e nin-Hn- 2)....... n-r+1) X" +

5 3| o

nn-1H({n-2)......... (n—=r+1)

TrH - f ! X

PERMUTATION & COMBINNATION

Arrangement : number of permutations of n different things taken r at a time =

(1+x)"=1+nx+

n!
(n—r)!

"PTEam-1){n-2)...n-r+t1)=

Circular Permutation :
The number of circular permutations of n different things taken all at atime is; (n - 1)!
n!l _"B

Selection : Number of combinations of n different things taken r at a time ="C = =

The number of permutations of 'n' things, taken all at a time, when 'p' of them are similar & of one type, q
of them are similar & of another type, 'r' of them are similar & of a third type & the remaining

n—(p+q+r) are all different is p!{:]!! e
Selection of one or more objects
(a) Number of ways in which atleast one object be selected out of 'n' distinct objects is
"C, PG, 00 & . erress +"C =2"-1
(b) Number of ways in which atleast one object may be selected out of 'p' alike objects of one type

'q’ alike objects of second type and 'r" alike of third type is

P+1)@+1)(r+1)=1
(c) Number of ways in which atleast one object may be selected from 'n' objects where 'p' alike of
one type 'q’ alike of second type and 'r alike of third type and rest
n—(p+ q+r) are different, is
R+ 1) g+ 7) (0+1) =P 0= ]
Multinomial Theorem :
Coefficient of x" in expansion of (1 -x)"="""'C_(ne N)
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(b)  The sum of these divisors is =
PP+ p'+ P2+ +p)(Q°+ Q'+ QP+ Q) (PH L+ O)

(c) Number of ways in which N can be resolved as a product of two factors is
B ;(a + b + 1INC +1).... If Nis not a perfect square
1@+ n®+nc+1...4+41] if Nis a perfect square

(d) Number of ways in which a composite number N can be resolved into two factors which are
relatively prime (or coprime) to each other is equal to 2"' where n is the number of different
prime factorsin N.

Dearrangement :
Number of ways in which 'n' letters can be put in 'n' corresponding envelopes such that no letter goes to
1T 1 1 1 1
T T OO S U T (I, 8
correct envelope is n! TRCTRETRPT (-1) y

Classical (A priori) Definition of Probability :
If an experiment results in a total of (m + n) outcomes which are equally likely and mutually exclusive
with one another and if ‘m' outcomes are favorable to an event ‘A’ while 'n’ are unfavorable, then the

m__ )

m+n  n(S)
We say that odds in favour of ‘A" are m : n, while odds against ‘A" are n : m.

probability of occurrence of the event ‘A’ = P(A) =

P(A) = =1 - P(A)
m+n
Addition theorem of probability : P(A_B) = P(A) + P(B) - P(AB)
De Morgan’'s Laws : (a) (Au B)*=A"n B (b) (A n B)" = AL B*

Distributive Laws :(@)A U (BN C)=(AUB) n(AuUC) (b) An(BuUC)=(AnB)uU(ANC)

(i) P(AorBorC)=P(A)+PB)+P(C)-PAnB)-PBNC)-P(CnA)+PAnBNC)
(ii) P (at least two of A, B, C occur) =P(B n C) + P(C nA) + P(An B)-2P(A~ B n C)
(iii) P(exactly two of A, B, C occur) = P(BC) + P(C nA) + P(AnB)-3P(AnBnC)
(iv) P(exactly one of A, B, C occur) =
P(A) + P(B) + P(C) —-2P(B " C)-2P(C nA)-2P(AnB) + 3P(AnB n C)
P(A NB)
P(B)

Conditional Probability : P(A/B) =

Binomial Probability Theorem

If an experiment is such that the probability of success or failure does not change with trials, then the
probability of getting exactly r success in n trials of an experiment is "C_p’'q" ', where 'p’is the probability
of a success and q is the probability of a failure. Note that p + q = 1.

Expectation :
If a value M is associated with a probability of p , then the expectation is given by X pM .

Total Probability Theorem : P(A) = Y P(B).P(A/B))
i=1
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Bayes’ Theorem :

If an event A can occur with one of the n mutually exclusive and exhaustive events B, B, ..... , B, and

. P(B;).P(A/B;)
the probabilities P(A/B)), P(A/B.) .... P(A/B ) are known, then P(B,/ A) = —

Y P@®)).P(A/B)
i=1

B, B, B,......B,
A=(AnB)uU(AnB)U(ANB)u...... v (AnB)

n
P(A)=PAnB)+PANB)+.... +P(ANB) = Z{P(A "By

Binomial Probability Distribution :

(i) Mean of any probability distribution of a random variable is given by : p = EEP—;;‘ =Zp X
I
(ii) Variance of a random variable is given by, 6= X (X, — M) . p= XL p X — H*
COMPLEX NUMBER

The complex number system
z=a+Ib, then a - ibis called congugate of z and is denoted by 7.

Equality In Complex Number: z, =z, = Re(z,)=Re(z,) and I_(z,)=1_(z,).
Representation Of A Complex Number:

Properties of arguments

(i) arg(z,z,) = arg(z,) + arg(z,) + 2mn for some integer m.
(i) arg(z,/z,) = arg (z,) —arg(z,) + 2mn for some integer m.
(iii) arg (z?) = 2arg(z) + 2mn for some integer m.

(v) arg(z)=0 = Z is a positive real number

(V) arg(z) =+n/l2 & Z is purely imaginary and z#0

Properties of conjugate

@) Iz| = | Z| Gy zz =|z)? (i)  z,+z, =Z; + Z,
B — _ = Z|_ 4

{iV) Z1-Zz 2 ?-1 = ZE (V} 2122 o Z1 ?-2 {VD EE = EE {ZE#D)

(vii) 12, + 2,12 = (2, + 2,) (z,+2,) =|Z4]* + 12,/ + 2,2, + 242,

wiiy @) =z (ix) Ifw=f(2), then w =f(Z)

(x) arg(z) + arg(z)

Rotation theorem

Z3—2;
Zy—2Z,

If P(z,), Q(z,) and R(z,) are three complex numbers and Z/PQR = 6, then [
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F Demoivre’s Theorem :
Case 1 : If nis any integer then

(i) (cos ©+isinB)"=cosnb+isinnd
(i) (cos 6, +isin 6,) (cos 6, + i sin 6,) (cosB, + i sin B,) (cos B, + i sin 6,) ..... (cos 6 +isin 6 )
=Cos (0, +0,+0,+ ......... 0)+isin(0,+6,+0,+ ... +0.)
ZKm + pb 2Km+ pb
Casell: Ifp,qge Zand q+# 0 then (cos 6 + i sin 8)P4 = cos + | sin q
wherek=0,1,2,3,.......9-1
8. Cube Root Of Unity :
(i) The cube roots of unity are 1, ~1+iy3 , —1 _J‘E .
g
(i) If m is one of the imaginary cube roots of unity then 1 + ® + @?*=0. In general 1 + ®'+ ©* = 0; where

r € | but is not the multiple of 3.

9. Logarithm Of A Complex Quantity :

Log, (02 + Bz) + i(?nn + lan”’ %] where n € 1.

b |

(1) Log, (ot +i ) =

10. Geometrical Properties:

Distance formula : |z, —z,].

Sectionformula:z= MZp + NZ4 (internal division), z = ng:n;:j (external division)

(1) amp(z) = 0 is a ray emanating from the origin inclined at an angle 8 to the x— axis.

@) |z-al| = |z-b| is the perpendicular bisector of the line joining a to b.

(3) The equation of a line joining z, & z, is given by, z =z, +1 (z, - z,) where t is a real parameter.
(4) The equation of circle having centre z, & radius p is :

Iz—znl =porzz —zyz — 7,2+ 7,Z5— P* = 0 which is of the form

zz+0z+0z +k=0, kisreal Centreis — o & radiu5=\/ixfx =9

Circlewill be real ifocor — k =20..

(5) If |z, —24] + |z —2,| = K> |z, — Z,| then locus of z is an ellipse whose focii are z, & z,
Z=Z4 o
(6) If |5 z, =k #1, 0, then locus of z is circle.
) If &lz-z1 | - |z-2,|| =K< |z,-2,| then locus of z is a hyperbola, whose focii are
z, &z,

VECTORS
1. Position Vector Of A Point:

let O be a fixed origin, then the position vector of a point P is lhe veclor OP.If @ and b are position

vectors of two points A and B, then, AB = b-a = pv of B - pv of A.

Scanned with CamScanner



¥

*'=r|

-u

DISTANCE FORMULA : Distance between the two points A () and B (b) is AB = ‘ a-b ‘

SECTION FORMULA : 7 - "ii";b . Mid point of AB = a%bi

Scalar Product Of Two Vectors: a.b =|3|| b|cos 6, where |g]|, | p| are magnitude of @ and b

respectively and 6 is angle between @ and b .

—

b

1m|

i=jj=kk=1; lj=jk=ki=0 - projection of @ On b =

Ifda=ai+aj+ak&b=bi+bj+bktheni b=ab +ab +ab,

ab
|al |b]

The angle ¢ belweeni & b is given by C0S ¢ = L, 0<0<

a.b=0<alb @=0b=0)
Vector Product Of Two Vectors:

Ifa&b are two vectors & 0 is the angle between them thenax b = al ‘E‘ sin® n,wheren is the unit vector

perpendicular to both g &E such thata , E & n formsa right handed screw system.

Geometrically ;ﬁ X EI = area of the parallelogram whose two adjacent sides are represented bya & b.

ix?=]xi=f{xﬁ=ﬁiixi=ﬁ,]xﬁ=?.ﬁxi=]

_ i J Kk
Ifa=aj+a,j+a,k &b=bj+bj+b,k then axb=|a, a, a,
b, b, b,

axb=0 <« aandb are parallel (collinear) (a0 . b#0)i.e.d=Kb, where K is a scalar.
axb

'ExE!

Ifa',E & ¢ are the pv's of 3 points A, B & C then the vector area of triangle ABC =

Unit vector perpendicular to the plane of & bis i =+

—

L. = = oz o= o ) -
s [“’"" + bxc + Cxa].ThepﬂintsA.B&Care collinearifaxb +bxc +cxa=>0

- - l = =
Area of any quadrilateral whose diagonal vectors are d, & d, IS given by = |{lI xd,

- =2 =22 == |[a@ab
Lagrange's |dentity : (a’dl')zﬁﬂﬂb‘ ~ab)? T
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Scalar Triple Product:
The scalar triple product of three vectorsa . b & ¢ is defined as: ax b.c =\5HE‘ €| sin® cosd.

Volume of tetrahydron V={abcj
In a scalar triple product the position of dot & cross can be interchanged i.e.

a.(bx¢)=(axb).¢ OR[db¢]=[bca]=[c¢ab]
a.(bxC)=-a.(Cxb)ie. [AbC]=~=[acDb]

a; @3 a3
If a= a1i+aL,j+aak;E = b,i+b,j+b k &C =c1i+cg+c3kthenlﬁﬁﬁi =|(b, b, byf.

C; € C4

Ingeneral, ifd =a,| +a,M+asn;b=b,1+b,M+b,i & C=¢,| + c,M + ;i

a
then[:’iﬁE] =|b, b, b, [Tﬁlﬁ];wheref ,m & 0 are non coplanar vectors.

C, C G

Ifi.bh.c arecoplanares [Ab ¢l =0.

Il

. = . y -
Volume of tetrahedron OABC with O as origin & A(a), B(b) and C(c) be the vertices = ‘ 3 [abc]

The positon vector of the centroid of a tetrahedron if the pv's of its vertices are 3 . b.¢&d are given by

] B = B &
—la+b+c+d].

4
Vector Triple Product: G x (bx¢)= (@.8)b—-(@.b)C, (Axb)x¢ =@.Eb—(b.0)a
F @xb)x ¢ # ax(bx¢),ingeneral

Reciprocal System Of Vectors:

If a, b, ¢ & a',b' ¢ are two sets of non coplanar vectors such that 3 3'=b. b'=¢.¢' =1 then the two

.

systems are called Reciprocal System of vectors, where a’'= B :-: b =
[abcl

a = _ axb
] b c]

o
(o]

(o}
—
V)

X
b

i

[
3-DIMENSION

-~

Vector representation of a point : Position vector of point P (x, y, 2) is x| +y | + zk.

Distance formula : \/(«"h ~%,)% + (Y1 - Y2’ +(2,-2,)° | AB= |OB - OA |

Distance of P from coordinate axes : PA=4y? 12>  PB=yz2+x? ,PC = x? ty?
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me -+ nx1 myg + I'ly1 mZE + nZ1

Section Formula: x= Y= Z=
m++n m+n m+<+n
2 . I1+}(2 "'1+y2 21+ZE
Mid point : X = L y=—= 7=
P 2 YT 2 2

Direction Cosines And Direction Ratios

(i) Direction cosines: Let ¢, [3. y be the angles which a directed line
makes with the positive directions of the axes of x, y and z respectively,

then cos 0., cos[3, cos Yy are called the direction cosines of the line. The
direction cosines are usually denoted by (/, m, n). Thus/=cos, m=
cos 3, n = cos ¥.

(i) If £, m, n be the direction cosines of a line, then (“+ m*+ n“=1

(iii) Direction ratios: Let a, b, c be proportional to the direction cosines ¢, m, nthen a, b, c are called
the direction ratios.

(iv) If £, m, n be the direction cosines and a, b, c be the direction ratios of a vector, then

a b c

=% Ni=F
Jaz+bz+cz Jaz +b? +¢? ;az+bz +c2

(=1

(vi) If the coordinates P and Q are (x,, y,, Z,) and (x,, y,, Z,) then the direction ratios of line PQ are, a
Hw _:'I.
=X,—X,,b=y,—y &c=2z —z and the direction cosines of line PQ are (= I-PQII m
y¥a—y, q Ly — 7
= andn =
| PQ| | PQ |

Angle Between Two Line Segments:

3132 + b1h2 <+ E-;Ez

cos 0 = L2 a2 w2 P2 a2 i 52
ajy + by +cfyas +bs +c3

The line will be perpendicularifa.a,+b.b, +c.c, =0, parallel if = 1
d, D2 G,

-~ -

Projection of a line segment on a line

If P(x,,y,,z,) and Q(x,, y,, z,) then the projection of PQ on a line having direction cosines /, m, n is

| £(x, —x))+m(y, —y,)+n(z, —2z)]

Equation Of A Plane : General form: ax + by + cz + d = 0, where a, b, ¢ are not all zero,
a,b c deR.

(i) Normal form: /X +my+nz=p
(ii) Plane through the point (x,,y,,z):a(x—x,)+b(y—-y)+c(z—2)=0

X 7
(iii) Intercept Form: — +~3-'r++ —=]

a b c¢
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(iv)  Vectorform: (¥ —a).n =0or7t.n =a.n
(v) Any plane parallel to the given planeax +by +cz+d=0isax+by+cz+ A =0.
|dy—d, |

Jaz +b? +¢?

Distance between ax+by+cz+d =0and ax + by + cz + d? =0is=

(vi) Equation of a plane passing through a given point & parallel to the given vectors:
r=at+ ?L,E + L C (parametric form) where A & |l are scalars.
or T .(BxE} =a.(bx¢) (nonparametric form)
9. A Plane & A Point
ax'+by'+cz'+d

Jal+b2+¢2

(i) Distance of the point (x, y’, ") from the plane ax + by + cz+ d = 0 is given by

la.n—dl

—_

(i) Length of the perpendicular from a point (a) toplane r.n =disgivenbyp= =
n

F

(iii)  Foot (x’, y’, z") of perpendicular drawn from the point (x,, y,, z,) to the plane

X'—X - Z'-z ax, +by, +cz, +d
Ex+by+cz+d=0isgivenhy a1='fb5"l= c"t =_{ 125";2 ‘:? )
a + +C

(iv) To find image of a point w.r.t. a plane:
Let P (x,,y,,Z)is agiven point and ax + by + cz + d = 0 is given plane Let (X', y’, 2') is the
XXy _ Y-y, _Z-2y _ (ax, +by, +cz, +d)
image point. then . b e P 2 2 bl 1o?

10. Angle Between Two Planes:

5 aa'+bb'+cc'
cos O = ‘ : :
Jaz +b? + c? Jaz +rb24+c?
_ o, , , ~a b ¢
Planes are perpendicularif aa + bb" + cc’ = 0 and planes are parallel if — = F =
a C

The angle 6 between the planes T.n, =d,and T.N, =d, is given by, cos 6 =
Planes are perpendicularifn,.n, =0 & planes are parallel if n, = lﬁz , A is a scalar

11. Angle Bisectors

(i) The equations of the planes bisecting the angle between two given planes
ax+by+cz+d =0andax+by+cz+d, =0are

ax+by+cz+d, _ | a,X+b,y+c,z+d,

Jar +by +c; \/Hi*'h_% +¢3
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(11) Bisector of acute/obtuse angle: First make both the constant terms positive. Then
aa,+bb +cc,>0 = origin lies on obtuse angle
aa+bb +cc, <0 = origin lies in acute angle

12. Family of Planes
(i) Any plane through the intersectionofa x+by+cz+d =0&ax+by+cz+d,=0is
ax+by+cz+d +A(ax+by+cz+d)=0

(ii) The equation of plane passing through the intersection of the planes 7.n, = d, &

—l

.M, =d, isT.(n,+AN,)=d, + Ad, where A is arbitrary scalar

13. Area of triangle : From two vector ,e{}g and AC , Then area is given by ?l | A_Ei X ;?C |

14. Volume Of A Tetrahedron: Volume of a tetrahedron with verticesA (x,, y,, z,), B(x,, y,, Z,), C (x, Y.,

X,y oz |
| X, Yo 2y 1
z)and D (x,,y,.z)isgivenby V= 6% ya oz |

Xy ¥y Z4 ]

A LINE
1. Equation Of A Line

(i) A straight line is intersection of two planes.
itis reprsented by two planesax+by+cz+d =0andax+by+ +cz+d, =0.
A% I™N _E—%4

i Symmetric form : = =,
(11) y . b =

(iii)  Vector equation: 7 =4 +Ab

(vi) Reduction of cartesion form of equation of a line to vector form & vice versa

X—X Y=Y Z2—7 i " 3 _ . .
el wlars & Pty itz rA@] +bjrcg).

2. Angle Between A Plane And A Line:

X—X - 7—7
l =)'r 4 = L and the plane ax+ by +cz +d =0, then sin

(i) If O is the angle between line
m n

art+bm+cn
‘/(az +b2 +¢2) |12 +m? +n?

0=

. | b.ii
(ii) Vector form: If O is the angle between aline; = (5 + Ap)and;.; =dthen 5|n9=|i|5”4|}.
n

f m n _.
(i) Condition for perpendicularity o = b = ., bxn=0
: C

=

=1
)
o

(iv) Condition for parallel al+bm+cn=0
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3. Condition For A Line To Lie In A Plane

}'{—Kl y_}"| Z_?‘I -
= = would lie in a plane
¢ m n

ax+by+cz+d=0, ifax +by +cz +d=0&ar+bm+cn=0.

(i) Cartesian form: Line

(i) Vector form: LineT =a + A b would liein the planeT . =dif h.7i =0&4.n =d
4, Skew Lines:

(1) The straight lines which are not parallel and non—coplanar i.e. non—inlersecting are called

a-a - Y-y
skew lines. If A =| ! m n | #0, then lines are skew.
(' m' n'

i, + Ab, to be skew (b, x b,). (4, — a,)# 0

(iii)  Vector Form: Forlines 7 = &, + Ab, and 1

(a, ‘51)3‘35
|D|

(iv)  Shortest distance between lines; =a, + Ab & T =d, + HB s d=

S. Sphere

General equation of a sphere is x* + y* + z=+ 2ux + 2vy + 2wz + d = 0. (—u, - v, —=w) is the centre

and ./y2 +v2 +w?_g isthe radius of the sphere.

SOLUTION OF TRIANGLE
i . a b ¢
A sinA  sinB  sinC’
2. Cosine Formula: () cosA =" TC "% (i) cosB= S 11 " i) cosc= 2 FD =€
Zbc 2ca 2ab

3. Projection Formula: (i) a=b cosC + c cosB (ii) b = ¢ cosA + a cosC (iii) ¢ = a cosB + b cosA

4. Napier’s Analogy - tangent rule:

_ B-C b-c A C-A Cc-a B A-B a-»b C

(i) tan T cot 5 (i) tan 5 “c+a t‘;r::'[2 (1) tan Y bk cot >
5. Trigonometric Functions of Half Angles:

) A _|s=b)(s=¢) B _ (s=¢)(s-=a)  C _ [(s=a)(s=Db)

(i) smi = be ,smi = =2 : smi = 2k

3 A s(s—a) B s (s—b) C s(s—c¢)

(1) cusz - b .GGSE - o : GDSE = h

t A _ |[s=b)(s=¢c) A ; _a+b+c . P

(iii) an 5 - s6-a) - s(s—a) where s = > is semi perimetre of triangle.

2 2A
i ' =— JS(s—als—=b)s—c) = —
(iv) sin A - J S—a) Ns—cC) ™
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. | | i
6. Area of Triangle (A) : A= JabsinC= SbcsinA= ScasinB=/s(s—a) (s—b) (s—¢)

7. m-n Rule: A
IfBD: DC =m:n, then 3
L
(m+n)cotO = mcoter — n cot
= ncotB-mcoC
8. Radius of Circumcirice : B %
m D n C

R = a b _ ¢ _ abc
2sinA 2sinB 2sinC 4A

9. Radius of The Incircle :

&

. A o A B

(1)r= " [ll]r={sua}tan-; ={s—b)tan5 =(sa~c}lan;
a sin® sin$ . . A . B . I@

(i) r = = =~ & so on (iv) r = 4R sin — sin— sin =

cos 2

10. Radius of The Ex-Circles :

|

- A A A i A B
(i)r, = T, = ) P (i) rr=stan— ' r,=stan- ' r,=stan—
s—a “ s-=b §—C 2 ¢ 2 2
W w -“ w -‘:‘ -
ACO8SE COS = - A 3 (
(ii) r, = = & so on (iv) r, =4 R sin 5 GUEE . COS

11. Length of Angle Bisectors, Medians & Altitudes :

2be cos4

(i) Length of an angle bisector from the angleA=j_= “— : A

] ¥ 1 1
(if) Length of median from the angle A=m_= ~ JZh‘ +2¢” —a-

2A

& (iif) Length of altitude from the angle A =A_= .

12. The Distances of The Special Points from Vertices and Sides of Triangle:

(1) Circumcentre (O) : OA=R & O,=RcosA (i) Incentre (I): IA=rcosec ~ &l =r

(iv) Orthocentre : HA=2R cosA & H . =2RcosBcosC

l ? 1 1 Ejﬂ.
GA = ;th"+2c"—a' & G =—

(ili) Excentre (1) : 1, A=, COSec —

—_—

(v) Centroid (G) 2a
13. Orthocentre and Pedal Triangle:

The triangle KLM which is formed by joining the feet of the altitudes is called the Pedal Triangle.
(i) Its angles are n — 2A, = — 2B and n — 2C.
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(ii) Its sides are a cosA = R sin 2A,
bcosB =R sin2B and
c cosC = R sin 2C

(iii) Circumradii of the triangles PBC, PCA, PAB and ABC are equal.
14. Excentral Triangle:

The triangle formed by joining the three excentres 1., I_and I, of A ABC is called
the excentral or excentric triangle.
(i) A ABC is the pedal triangle of the A1, L I..

&
(i) Its angles are E—é,E—E &-I-r—- .
2 22 2 7 AN
_ A B C
(iii) Its sides are 4 R cos —~ 4R COs & 4R oS .
— H A a — 4 B & —_— 4 -
(iv) 111—4R5|n5,112—4R5mE,IIE—4R5mE.
(V) Incentre | of AABC is the orthocentre of the excentral A1 L.
15. Distance Between Special Points :
(i) Distance between circumcentre and orthocentre OH?= R? (1 — 8 cosA cos B cos C)
i B C
(ii) Distance between circumcentre and incentre OIF=R*(1-8sin ) sin 2 sin > )= R*=2Rr
1
(iii) Distance between circumcentre and centroid OG*=R*- 9 (a* + b* + ¢9)

INVERSE TRIGONOMETRIC FUNCTIONS

1. Principal Values & Domains of Inverse Trigonometric/Circular Functions:
Function Domain Range
(i) y = sin-' x where -1<x<1 _%Eyig
(i) y = COS ' X where -1<x<1 O<y<m
i T
(iii) y=tan'x where Xe R *E{yci
(iv) y = cosec 'x where x<—1orx=1 -%5315%,5*:&0
v) y = sec' x where x<-1orxz=1 U‘Syﬂn;y;t%
(Vi) y = cot'x where xe R O<y<n

P-2 (i) sin ' (sin x) = x, —%53{5% (i) cos'(cosx)=x; 0<x<n
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P-3

P-5

[-3

(ii)

v)

0)
(iii)

(1)

(iii)

i3 T
tan ' (tan x) = x; —— LK<= (iv) cot'(cotx)=x; 0<x<n

1 — s E : 9 a—— T T
sec ' (sec x) = x; Oﬂximx:j (vi) cosec '(cosec x) = X; I:tﬂ,—:gx-z_:?
sin“' (—x) = —sin"'x, —1<x<1 (i) tan'(-x) = —tan'x, Xe R
cos'(x)=m-cos'x, 1<x<1 (iv) cot'(x)=m-cot'x, xeR
. T N T
5|n'1x+uns4x=?, L i T (ii) tan-1x+cut"x=?, XxXe R

L
cosec'x + sec'x =, x| >1

—_—

Identities of Addition and Substraction:

()

(ii)

(iii)

(1)

(i)

(iii)

0)

(iD)

(iir)

sin1x+5in‘y=5inTLRJl—FJ +}'~J1ﬁ?i:J.x3_=-D,yzﬂ&(xz-ryz}ﬂ1
=n-sin-*[wl—f+5r\/1~x*].xau.yau&xﬂ+y?=-1
cus‘x+cus"y=cus‘[15’—#1—1: \."1—}’:] x=>0,y=>0

tan‘x+tan‘y=tan’lx:};’,xrﬂ-ﬂ,yhl]&xy-ﬂ
X+ Yy n
=n+tan”]_x'y,x:-u,y::-{]&xyb1 ==,X>0,y>08&xy =1

sin-1x—sin-1y=sin-*[x\h—f -y 1—::2], x>0,y>0

cns"x—cns"y=cu5'1[ﬂ¥+\/1"!2 J‘l—?z], Xx20,y20,x<y

X—Yy
1+xy‘x

lan'x - tan'y = tan’ >0,y>0

2 sin”" x if |x|£—1-

V2

5in‘(2x.,h_x3] =| n-2sin"'x if x}%

b

- (1: + 2sin™! x) if X<- ;E—

—_—

2cos'x if 0<x<1
2r-2cos™'x if -1<x<0

cos'(2x°-1)

2tan'x if | x|<1
n+2tan'x  if x<-1
-(n—ztan"x) if x>1

tan' ——

—
|
>
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2tan""x if | x|<1
(iv) sin' —— =| r-2tan”'x if x>1
-(Tr+213n*1x) if  x<—1

" — x2 2tan'x  ifx>0
1+x2 —2tan 'x ifx<0

1]

| X+Y+2Z-XyzZ
| 1-Xy—-yz-2X

Iftan'x +tan'y + tan'z = tan’

}if,x?ﬂ,y}ﬂ,z}ﬂ&(xy+yz+zx)~=1

NOTE:

(i) Iftan 'x + tan 'y +tan "z =nthen x + y + z = xyz

(ii) If tan-'x + tan~'y + tan"'z =% thon sy yz 42X =1

1 1 L
(iii) tan "1 +tan '2+tan '3 =mn (iv) 13"‘1+lan‘§+tan1§=;
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