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STRAIGHT LINE

Distance Formula:

d O(x =) 2 O(y 1=y 2
Section Formula :

mx2K nx1 my2KX ny1

X= mxn VY= mxn

Centroid, Incentre & Excentre:

X4 Ox2 Oxg5,y1 Oy20
Centroid G B 1 3 s Y y y3§
)
ax bx
H 40 ,0cxs> ay1Mby2®cy3ﬁ®
Incentre | H anDC aNbKcC

ax
0 ™7 Obx, Ocx3,¥ay 1Kby2Ncy3
Excentre I OaOb IC Oc

[
Area of a glangle
32

OABC = 2 yo 1

3 y3 1
Slope Formula:
Line Joining two points (x y) & (x y), m = y4 0y,
11 2 2 x4 Ox5
Condition of collinearity of three points:
Xp oYy 1
Xy Yy, 11 =0
Xz Y3 1
Angle between two straight lines :
m1 ¥ m2
tan U= 4gmim2 -
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10.

1.

12.

Two Lines :
ax + by + ¢ =0 and ax + bRy + cX = 0 two lines
. a_b o
1. parallel if = X
al p0

C1Mc2

[a2Kb? '

2. Distance between two parallel lines =

3 Perpendicular : If aak + bbK = 0.
A point and line:

ax10bylOg
a2lb2 |

1. Distance between point and line =

2. Reflection of a point about a line:
XX x1 yXIy1 Dzax 1 Oby , Oc
a azpp?
3. Foot of the perpendicular from a point on the line is

XXX 1 . yRy 1 ax1®¥by1Ke
a v a2)b2

Bisectors of the angles between two lines:

axK¥byXc akxXbXyXcK
=+

[a2®b2 /A28

Condition of Concurrency :

a; b
of three straight lines aix+ biy + ci=0,i=1,2,3i a, 1
a; b
A Pair of straight lines through origin: 2
ax?+ 2hxy+ by? =0 b

If ¥ is the acute angle between the pair of straiggt Iin§s, théh tan

2 h2Xab
- aXb

c
1
C
2

c



10.

CIRCLE

Intercepts made by Circle X2 + y2 + 2gx + 2fy + ¢ = Gn the Axes:

(a) 2 ,/ngb on x -axis (b) 2 .,/f2¥c on y - aixs

Parametric Equations of a Circle:
x=h+rcosO;y=k+rsin O

Tangent :

(a) Slope form : y = mx im

b) Point form : xx + yy = a2
(b) ; W orT=o0
(c) Parametric form: X COsE+ysink=a.

Pair of Tangents from a Point: SS1 = T2
Length of a Tangent : Length of tangent{fg
Director Circle: x2 + y2 = 2a2 for x2 + y2 = a2
Chord of Contact: T=0

2LR
JR20L2
2. Area of the triangle formed by the pair of the tangents & its chord of

RL3
R2KL2

1. Length of chord of contact =

contact =

3. Tangent of the angle between the pair of tangents from (x1, y1)

_ EZRL E
2R?
4. Equation of the circle circumscribing the triangle PT1 T2 is :
(x¥x) (x+g)+(y®y) (y+f=0.
Condition of orthogonality of Two Circles: 2g1g2+2f1f2=c1+c2.
Radical Axis : SR S =0ie. 2(g1892)x+2(f1¥2)y+ (c1®c2)=0.
Family of Circles: S1 +KS2=0,S + KL =0.
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PARABOLA

Equation of standard parabola :
y?= 4ax, Vertex is (0, 0), focus is (a, 0), Directrix is x + a = 0 and Axis is
y = 0. Length of the latus rectum = 4a, ends of the latus rectum are L(a, 2a)
&L’ (a, K 2a).
Parametric Representation: x = at* & y = 2at
Tangents to the Parabola y? = 4ax:
1. Slope formy = mx + a (m B 0)2. Parametric form ty = x + at2
m
3. Pointform T =0

Normals to the parabola y? = 4ax :

ylzy1 =K % (x®x1) at (x1,y1) ; y = mx®2am B gm3 at (amZI0Zam) ;

y + tx = 2at + at3 at (ak 2at).

ELLIPSE

2 2
Standard Equation : X—2 Dy—2 =1, where a>b & b*=a? (1% g2,
a b
b2 a
Eccentricity: e = _|1X — (0 <e<1),Directrices: x=+ .
a e

Focii: SH(xa ¢ (). Length of, major axes = 2a and minor axes = 2b
Vertices : ARKKK (K a, 0) & AKX (a, 0) .

Latus Rectum : = %&2 a®1 |Z|62|Z|

Auxiliary Circle : x*> + y* = a2

Parametric Representation: x=acosX &y =b sinKX

Position of a Point w.r.t. an Ellipse:
The point P(x1, y1) lies outside, inside or on the ellipse according as;

2 2
X_1|]y_1|]1 ><or=0.
aZ b2
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Line and an Ellipse:

The line y = mx + ¢ meets the ellipse g— Dg— =1 in two points real,
coincident or imaginary according as c? % < =lor > a2m? + b2,
2

Tangents:

. XX1 YY1
Slope form: y = mx = ./a2m20p2 | Point form : —- 0=~ 01,

a? b2
Parametric form: xcost] a ySInDIX 1
a b

Normals:
az2x b2y |Z£@b2ﬁm
<7 D—1 =a?NMp?, ax. sec] [bY. cosec B= (a2®b?), y =mx K
X y

[52002m2

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

HYPERBOLA

Standard Equation:

X2 y
Standard equation of the hyperbola is —— O 5 01, where b2 = a2 (e2 i),
2 b
Focii: SW(*ae, O)Directrices : x=+ & 2
e

Vertices : A BR(t a, 0)

2b2
Latus Rectum (¥) : 0B —— = 2a(e20).

Conjugate Hyperbola :
2 2 2 2
X
a—z%m & %%m are conjugate hyperbolas of each.

Auxiliary Circle : x2 + y2 = a2.

Parametric Representation : x=asec 08§y =btani
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Position of A Point 'P' w.r.t. A Hyperbola :

2 2

s1 WXLZ DVLZ X1 >, = or < 0 according as the point (x1, y1) lies inside, on
a b

or outside the curve.

Tangents :

(i) Slope Form : Yy = m x&/a2m2Kb2

(ii) Point Form : at the point (x1, y1) iSXX21 Dy_y21 01,
a b

(iii)  Parametric Form : XS€CD@M&1_

a b
Normals :
a2x b2y
(a) at the point P (x1, y1)is — 00— = a2 + b2 = a2 e2.
x1 y1
(b) at the point P (asec®, btan®)is _8X bY o sb2=a2e2
secld tanO
(c) Equation of normals in terms of its slope 'm' are y
- e PA02K

Ja? 0b%m? .

X
Asymptotes BOER0  ang  ZI4RO.

X2 y2
Pair of asymptotes : a—ZDb—Zm-

Rectangular Or Equilateral Hyperbola : xy = ¢2, eccentricity is /5 .
Vertices : (+ ckcP2cl.doiredricgs : X +y
Latus Rectum (I):M=2\/§C =T.A. = C.A.

Parametric equation x = ct, y = ¢/t, t K R — {0}

. XY . X
Equation of the tangent at P (x, 1y1) is v y =2&atP(t)is n +ty=2c.
1 Y1

Equation of the normal at P (t) is xt3Ryt=c (t4 X 1).
Chord with a given middle point as (h, k) is kx + hy = 2hk.
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LIMIT OF FUNCTION

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

Limitf(@Xh) = Limitf(a+h) = some finite value M.
m o
(Left hand limit) (Right hand limit)

Indeterminant Forms:

8’%,0555, 0O0O00T0%Eand 18,

Standard Limits:

Limit SN Limitf@nX  |im
xX0 X = xXO X = X@O X

tanmx

sink1x . exK1  BEn(1Rx)
= ﬁ? =I‘)&Bltf =1

. : 1 o axil
L)'(;B it (1+x)*= g it 1%@ e, L)'(;B L logea, a > 0,

Iv(iig' it Xn[Jan

=na"-".
x ta

Limits Using Expansion

x2In2 a_x3In3 a
xlna O H H

(i) T o1 A D

x2
(ii) e® D1D D_QTD‘grD ......

X X2 _x3 _x4
(iii) In (1+X) =" 0—0— D_IZ ......... for O 10x 01
2 3 4

x3 x5 x7
(iv) sinx OxO—0O0—0O—KX.....
31 8 7
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X2 x4 X6
(v) cosx fI 021 D? DH X.....

(vi) tan x = xX X_3 Dﬁ& ......

3 15
(vii) for|x] <1, nOR(1+x)n

n(nk 1) n(nX 1)(n X 2)

‘W x2 + 1973 X3+ 0

=1+nx+

Limits of form 1%, 00,X0
Also for (1)¥ type of problems we can use following rules.
lig (1+X)1x = e, fim [109lg(4)

lim[f(x)®1]g(x)
where f(x) 0 1 ; g(x)000@sx O a= g

Sandwich Theorem or Squeeze Play Theorem:

Iff(x) Og(x) Oh(x) Ox & Limit f(x) =K =Lig1it h(x) then Limit g(x) = 0.
XXa

xKa xKa

METHOD OF DIFFERENTIATION

Differentiation of some elementary functions

1.i(xn)=n><‘-1 2. d_(ax)=ax®na
dx dx
®n |x]) = — 4.X | =
3.7dx X dx- (logax) xXna
d d
5. gx (sinx) = cos x 6. dx. (cos x) = —sin x
d d
dx
7. dX (sec x) = sec x tan x 8. (cosec x) = — cosec x cot x
d
9. dx. (tan x) = sec2 x 10. di (cot x) = — cosec2 x
X
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Basic Theorems

d (f+g)=m(x) t g8 d - 94
1. ™ (f+ g) = fR(x) £ g®(x) 2. i (k f(x)) = k ™ f(x)
3. ix (f(x) . g(x)) = f(x) gR(x) + g(x) MR(x)

4

d H(x) Ez gO)R(x)f(x)gR(x)

d = X g
L% oo - 5. 3 (19 = w(a00) 9500

Derivative Of Inverse Trigonometric Functions.
dco§—1x
. X
dsin—1x 1
dx = =— ,for—1<x<1.

JEx2 JBx2

dtan—1x 1 d cot —1 x
dx ~ 1Bx2' dx  1®x

5 (xOR)

dsec—1x 1 d cos ec'x

dx x| [x2R1 dx

1
x1eP20

Differentiation using substitution
Following substitutions are normally used to simplify these expression.

JforxO(-0,-1)0(1,R8)

0 0
(i) Jx2Ra2 by substituting X = tan &, where — . < OOGp)

O O
(i) Ja? Ox2 by substituting  x = a sin &, where — 5 O DD%EI

0
(iii) \x2 g2 by substituting  x = a sec ¥, where OO [, alalen

x Oa
(iv) 2 Ox by substituting  x = a cos B, where 0Oqq 0.
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Parametric Differentiation

dy dy/d0
Ify=f = g(X) where[d h O )
y =f(0) & x = g( ) id a parameter, then dx ~dx/dll

Derivative of one function with respect to another

d _dy /_f(x)
Lety =f(x); z = then— 02— 027
ety =f(x); z = g(x) eny dxdz g(x)
d / dx

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

f'(x) g'(x) h'(x)  [f(x) g(x) h(x)
functions of x then F ) =| 1(X) m(x) n(X)| +|I'(x) m'(x) n'(x) +
ux) v(x)  WX)lu(x) v(x)  w(x)

f(x) g(x) h(x)
I(x) m(x) n(x)
u'(x) v'(x)  w'(x)

APPLICATION OF DERIVATIVES

Equation of tangent and normal
Tangent at (x1 y1) is given by (y — y1) = f(x1) (x — x1) ; when, f&(x1) is real.
1

And normal at (x , y) is (y — y1) =— (x— x), when f(X) i13 nonzero
fi(xt)

real.

Tangent from an external point

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)Eb
B = g
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Qlh, f(h)

P(a,b)

y =f(x)
Figure

f(h)Kb
And equation of tangentisy —b = “h¥a (x—a)

Length of tangent, normal, subtangent, subnormal

(i) PT = | k]| 1D% = Length of Tangent

(ii) PN = |k|v1EM2 = |ength of Normal

k s o
(iii) ™ = ‘— = Length of subtangent N M T
m

(iv) 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).

tan® =

mng
1®m1m2

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

(i) continuous on [a, b]

(ii) derivable on (a, b) and

(iif) f(a) = f(b),

then there exists at least one real number c between a and b (a < ¢ < b) such
that fiX(c) = 0
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Lagrange’s Mean Value Theorem (LMVT) :
If a function f defined on [a, b] is

(i) continuous on [a, b] and (i) derivable on (a, b)
then there exists at least one real numbers between a and b (a < ¢ < b) such
f(b) Uf(a
that 2 @) - ey
bUa

Useful Formulae of Mensuration to Remember :

Volume of a cuboid = Kbh.

1.
2. Surface area of cuboid = 2(Kb + bh + hR).
3. Volume of cube = a3
4. Surface area of cube = 6a2
5. Volume ofacone= —_ 2
3 g&r h. .

Curved surface area of cone = KrX (¥ = slant height)
6. Curved surface area of a cylinder = 2Rrh.
;' Total surface area of a cylinder = 2Rrh + 2Kr2.

4
9. Volume of a sphere = 3, ?
10 Surface area of a sphere = 4Kr2.
. 1 . .

11. Area of a circular sector = o 12 B, when K is in radians.
12. Volume of a prism = (area of the base) x (height).
13. Lateral surface area of a prism = (perimeter of the base) x (height).
14. Total surface area of a prism = (lateral surface area) + 2 (area of

the base)

(Note that lateral surfaces of a prism are all rectangle).

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

16. Curved surface area of a pyramid = > (perimeter of the base) x

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

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

I:l f(x) dx =g(x) + ¢ NZIdd—X {g(x)+c} = f(x), where c is called the constant of

integration.

Standard Formula:

[alxOb [
(i) D(ax+b)ndx=—am +en00

(ii) D& ~1m (ax+b) +c

axlb a

|:| a
(iii) et dx = — e¥*+ ¢

[] apxlq
(iv) EEPX*“ dx =E Tna +c;a>0

D 1
(v) sin (ax + b) dx == cos (ax + b) + ¢

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

(vii) D tan(ax + b) dx =l ®n sec (ax + b) + ¢
a

(viii) |:|cot(ax + b) dx =1 ®n sin(ax + b)+ ¢

a
(ix) Gecz (ax +b) dx = 1 tan(ax + b) + ¢
a
N 1
(x) cosec?(ax + b) dx = []= cot(ax + b)+ ¢
a
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(xi)

(xii)

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)

(xix)

(xx)

(xxi)

(xxii)

|:| secx dx =Hn (secx + tanx) + ¢ QR ®n tan &Q
]

o

N | X

|:| cosec x dx = En (cosecx [Jcotx) + ¢

OR%, tan L c OR KRN (cosecx + cotx) + ¢

DL =sin®1£ +c

Ja2 0x2 a

D dx =1tanﬁ1§ +c
a2 [l x2a
|:| a
dx 1

— -~ seamX +c
|:||x| X2Ka2 4

R w0 0 L

X

D dx =N |Z|D 2 Daz
_Ux - [y .
[x2 a2

|:ldx 1

= Xn

a2 U x22a

xKa

D dx 1 o
x2faz, "

[
1/8.2I:|X2dx=§ /az sz +a_22 Sinwg +c

X a2  Hxoyx20a2{
Vx> ta® dx=5 Jx? Ua? t Bn Oa Do

a2 U
|:[X|:| X2|:|32 |

[ /x20a2 dx=§ Jx20a? B-2 n O gre

O

alx

akx

+C

+C
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(i)

(ii)

(i)

Integration by Subsitutions
If we subsitute f(x) = t, then f ¥x) dx = dt

Integration by Part :

(Bf(x)g)dx =Ry A5 BOEg(x)Hdx dx

dx

,[¥ax2Obx Ocdx

dx
Integration of type |lngbx Oc’ D\/m

Make the substitution x D2£ Ot
a

Integration of type

XX
Dax%@%&c dx, D dx, [(px Dghax2 Obx Ocdx
2 c

Make the substitution x + =§bL then split the integral as some of two
a

integrals one containing the linear term and the other containing constant
term.

Integration of trigonometric functions

dx dx

Habsnzx O Hbooszx
dx
OR q sin2 Xdbsinxcosx Kccos2 x Puttanx =t.
e dx
Jmsinx %R Ugbcosx
D dx X

OR 4 BDSINXNCCOSX put tan 5 =t

3£0s x X b. sin XI¢c
Hosx®m.sinx [n

I

d
dx. Express Nr X A(Dr) AdLXB(Dr) + ¢ & proceed.
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10.

Integration of type

x2 K1
GW dx where K is any constant.

1
Divide Nr & Dr by x? & put x [ < =t

Integration of type

dx dx

ax 0b)/px Uq OR |:‘(Jax2 Obxic) X g s putpx +q=t2.

Integration of type

dx 1
E _1
(ax Db),ﬁXZ Ogx Or putax +b t

dx 1

|%axZIX b)px2Oq s putx =7

DEFINITE INTEGRATION

Properties of definite integral

b b b a
Dx) dx = [ft)dt 2. [f]x) dx=~ [fx)dx
a a a b
b c b
3. [f[x) dx = [{[x)dx + [f}x) dx
a a
[}

a. .x ) dx = .(x ) Of(EX)) gx g&f(x ) AX(—x) Df(x

0 , f(=x) O—f(x)

b b
5. [J(x) dx= [ f(aObOx) dx

a a
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FUNDAMENTAL OF MATHEMATICS

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 X 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.

(i) () or 11

Closed interval : [a, b] ={x : a ¥ x X b} i.e. end points are also

included. [

This is possible only when both a and b are finite.
fiiig Open-closed interval : (a, b] = {x : a < x ¥ b}
v (1 or 1]

Closed - open interval : [a, b) = x: a K x < b}

[) or [I

The infinite intervals are defined as follows :

(i) (a, ®) = {x:x>a} (ii) [a, ®) = {x : x @ a}
(iii) (—® b)={x:x<b} (iv) (R, b] = {x: xR b}
(v) (— XIXRX) = {x : x B R}

Properties of Modulus :
Foranya,bOR
la|® O, la| = |-al, la|®a, |a| B -a, |ab|=|a||b],

% =:, la+b| & [a] +[b], la—b| & [|a] —b]|
Trigonometrid Functions of Sum or Difference of Two Angles:

(a) | sin (A = B) = sinA cosB + cosA sinB
X 2 sinA cosB = sin(A+B) + sin(AXB) and
and 2 cosA sinB = sin(A+B) K sin(AXB)
(b) cos (A £ B) = cosA cosBX sinA sinB
X 2 cosA cosB = cos(A+B) + cos(AXB) and 2sinA sinB
= cos(AKB) X cos(A+B)
(c) sin?A X sin®*B = cos?B X cos?A = sin (A+B). sin (AKX B)
(d) cos?A X sin?B = cos?B K sin?A = cos (A+B). cos (A K B)

cotAcotB 10
cotB OcotA

fanAStand_ojangHen AnBIERC

(e) cot (A+B)=

(f) tan(A+B+C)= 1¥tanAtanB [
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Common Roots: _
Consider two quadratic equations a
1TX+b1x+c1=08&a2%x+b2x+c2=0.

(i) If two quadratic equations have both roots common, then
al b1 ¢
a2 b2 Co

(ii) If only one root Ois common, then

D_c‘I o Oc2al _ b1, Ob2c
"a ,0a2b ¢ , 01

a1l 1 c1 c2a

b a 1
Range of Quadratic Expression f (x) = ax2 + bx + c.
Range in restricted domain: Given x O [x1, x2]

b
(a) If 0— K [x1, x2] then,

2a

f(x) ¥ Mml@1 )&txz) D ma%ﬂ&,ff(xz) DI'

(b) If D2£ ¥ [x1, x2] then,

a

08 E.mngf(x1),f(x2), 543,\%, max gf(x1),f(x2), 02,

]|
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5. Location of Roots:
Let f(x) = ax>+ bx+ c, wherea>0&a, b, cRR.

(i)

(ii)

(iii)

(iv)

(V)

Conditions for both the roots of f (x) = 0 to be greater than a
specified number‘x; are b2X 4ac X 0; f (x) > 0&([® b/2a) > x0.

Conditions for both the roots of f (x) = 0 to be smaller than a
specified number ‘x,are b? B 4ac B 0; f (x 0) >0 & (¥ b/2a) < x0.

Conditions for both roots of f (x) = 0 to lie on either side of the
number x0’ (in other words the number ‘x0’ lies between the roots
of f (x) =0), is f (30) <O0.

Conditions that both roots of f (x) = 0 to be confined between the

numbers x,and x, (x < x) atg b2K 4ac R 0; f (x) > 0,; f (x2)>0 &
x < (¥ b/2a) < x2.

Conditions for exactly one root of f (x) = 0 to lie in the interval (x1, x2)
i.e. x<x<xijsf(x 1).f(x2) <0.

SEQUENCE & SERIES

An arithmetic progression (A.P.):a,a+d,a+2d,...a+(nK1)disanA.f

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

Sn=% [2a+(n—-1)d] = %[a+UD]

rth term of an A.P. when sum of first r terms is given is t = Sr — Sr - 1.

Properties of A.P.

(i)

(i)

(iii)

Ifa,b,careinAP.MX2b=a+c&ifa,b,c,dareinAP.Xa+d=b+
c.
Three numbers in A.P. can be taken as aX d, a, a + d; four numbers

in A.P. can be takenas aX 3d, aK d, a + d, a + 3d; five numbers in A.P.
areal2d,alld,a,a+d,a+2d & sixterms in A.P. are a K 5d,
ak3d,akd,a+d,a+ 3d, a+ 5detc.

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 other two, soifa, b, carein A.P.,bis AM.ofa &c.
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lr}& %rithmeti{: Means Bet\ntl)een&Two Numbers:
8 b areany two gven numbers & & R4 ‘a2 ., An, bare in AP. then A1, A2,...

An are the

bla
n A.M.’s betweena & b. A1=a+ ,
nl1

Ar = nA where A is the single A.M. between a & b.

r 1
0
Geometric Progression:
a, ar, ar2, ar3, ar4,...... is a G.P. with a as the first term & r as common ratio.
(i) nth term = a rniX1

Ha&rn X1KX

(ii) Sum of the first nterms i.e. S n =[] 1 , 11
na , ri1

(iii) Sum of an infinite G.P. when B < 1 js given by

sa-—2 [rOA0.

10y

Geometric Means (Mean Proportional) (G.M.):
Ifa, b,c>0arein G.P., b is the G.M. between a & c, then b2 = ac

nXGeometric Means Between positive number a, b: If a, b are two given
numbers & a, G,,G,., .., Gn, barein G.P.. Then %11 G2, G3,...., Gnare nG.M.s

between a & b.
G,= a(b/a)1/n+1, G = a(b/a)2/n+1,....n,%a(b/a)
Harmonic Mean (H.M.):

1 1 01 1 10
H.M.Hof a1,a2, ...... isgivenby— = A O—0O—0....... 0—g
o a an is given yﬁ [a1 a2 anl:]
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Relation between means :

G2=AH A.M. X G.M. R H.M. (only for two numbers)
’ o 1=a2=a3=...... =an
andAM.=G.M.=H.M. ifa
Important Results
ﬁ n n ( ) n n
(i) (ar £ br) = ar br. (ii k ar =k ar.
ri1 r|:l1 r|:l1 rgl r|:l1
O O O
n
(iii) [] k=nk; where k is a constant.
ri1
] n _ n (n01)
(iv) [] r=1+2+3+..... +n= 5
ri1
o 12+ 4304 - n(n01) 2n01)
=12+22+ 32 +........... n2=—m———————
v gr c
ri1
n D2 (n D1)2
(vi) ] r3=13+23+33+........... +n3=—— "
4
ri1
1. Statement of Binomial theorem : fa,bXRand n®N, then
(@a+b)=Cap+Can i 1 » b2 +..+nCan-—rbr+.+ngppn
1 2 r
b+Ca
_ g Ncra " br
r X0
2. Properties of Binomial Theorem :
(i) Generalterm: T r+1=Crarbr
(ii) Middle term (s) :
(a) If n is even, there is only one middle term,
DZEL
which is 0 Elh term.
(b) If nis odd, there are two middle terms,

n®1Ht nX10100
i BT O
which are 0 O h and 0 th terms.

Page # 26



Multinomial Theorem :
(x1T+x2+x3+ ........... X

n' 112 xrk

r1Rr2K.. ’rk®n E!r 2! . --rk!

Here total number of terms in the expansion = ™-'C,__

Application of Binomial Theorem :

If (/ARB)n = K + f where K and n are positive integers, n being odd and

0<f<1then(R+f)f=knwhere A-B2=k>0and ,/A_B <1,
If n is an even integer, then (X + f) (1 —f) = kn

Properties of Binomial Coefficients :
(i) nCO+1C1+C2+....... +€n=2n

(i) "CenC+nC—-nC 3+..... +(=11Cn =0

(iii) "C&nC+nC+...=nC+nC+n C5+... =21

G

: n Or ¥1
(iv) "Cr+C = m™Cr(v) =

r

Binomial Theorem For Negative Integer Or Fractional Indices

n(nk 1) n(n K 1)(r1]2)
(1+x)n=1+nx+ yll X2 + x3+ ...+

3!

n(n X 1)(rK 2)....... (n®r®1)xr
r!

+o x| <1.

NN 1)(NK2)......... (mr

T, = rl Xr

Page # 27



PERMUTATION & COMBINNATION

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

time= "Pr=n(ni1)(n¥2)..(nKr+ 1)=(n|]r)!

Circular Permutation :
The number of circular permutations of n different things taken all at a
time is; (n — 1)!

Selection : Number of combinations of n different things taken r at a

nl _"p

tlme=Cr=W -T

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 remainingn X (p + g + r) are all

n!
differentis ———.
p'q!r!
Selection of one or more objects
(a) Number of ways in which atleast one object be selected out of 'n’
distinct objects is
nC1+ nC + nC F +nC =n2n -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+ (q+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
P+N@+N)(r+1)2n—(p+q+r)—1
Multinomial Theorem :
Coefficient of xr in expansion of (1 ¥ x)®n = n+rf (0 ¥ N)

Let N = pa. gb. rc...... where p, q, r...... are distinct primes & a, b, c..... are

natural numbers then :

(a) The total numbers of divisors of N including 1 & N is
=(@a+1)(b+1)(c+1).....

(b) The sum of these divisors is =

(PO+p1+p2+...+pa)(q0+qgl+qg2+....+qgb) (rO+r1 +r2 +.... +rc)........
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(c) Number of ways in which N can be resolved as a product of two
factors is

_ J@ERNDORN(CER).... if Nisnot a perfect square
- %@ ¥ 1)(b @ 1)(c® 1).L.] 1] 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 2nX¥1 where n is the number of different prime
factors in N.

Dearrangement :

Number of ways in which 'n' letters can be put in 'n' corresponding
envelopes such that no letter goes to correct envelope is n !

% Wolctod D(d)n%ﬁ

2 3
PROBABILITY

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 probability of
m _ n(A)

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

occurrence of the event ‘A’ = P(A) =

_ n
P(A) = —0n =1-P(A)
Addition theorem of probability : P(AEB) = P(A) + P(B) — P(AXB)
De Morgan’s Laws :
(a) (ABRB)c = Ac BXBc  (b) (A DOB)c = Ac KXBc
Distributive Laws :
(a)A O (BEXC) = (AKEB) & (A KRC) (b) AR (B XKC) = (A XXB) X (A KXC)
(i) P(A or Bor C) =P(A) + P(B) + P(C) — P(A KXB) — P(B KXC) — P(C XKA) +
P(A RXB KKC)
(ii) P (at least two of A, B, C occur) =P(BX C) + P(CK A) + P(AX B)
— 2P(A XXB KXC)
(iii) P(exactly two of A, B, C occur) = P(B RXC) + P(C BKA) + P(A KXB)
- 3P(AXXB K C)
(iv) P(exactly one of A, B, C occur) =
P(A) + P(B) + P(C) — 2P(B KXC) — 2P(C RXA) — 2P(A KXB) + 3P(A XXB KKXC)
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P(A X B)
Conditional Probability : P(A/B) = —P(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 nC rp qn-r, where ‘p’ is the probability of a success

and q is the probability of a failure. Note thatp + q = 1.

Expectation :
If a value Mi is associated with a probability of pi , then the expectation is
given by BpiM.
! n . .
Total Probability Theorem : P(A) = IEI:)(BI) . P(A/BI)
i1
Bayes’ Theorem :

If an event A can occur with one of the n mutually exclusive and exhaustive
events B1, B2, ..... , Bn and the probabilities P(A/B1), P(A/B2) .... P(A/Bn) are

) P(Bi).P(A/Bi)
known, then P(Bi/A) = - B1,B2,B3,........ ,Bn
XP(Bi).P(A/Bi)

i1
A=(ARB1)R(ARB2) g (ARB3)X....... ® (A K Bn)

P(A) = P(AR B)1+ P(A D@) o + FS(AA\EB) = M
"R
Binomial Probability Distribution :
(i) Mean of any probability distribution of a random variable is given by :
_ BPixi=Rpx=np
pr i i
n = number of trials

p = probability of success in each probability
q = probability of failure

(i) Variance of a random variable is given by,
X2 = RN(X — W)2 . p= K¥p X2— i 2 = npq
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COMPLEX NUMBER

The complex nhumber system
z =a+ ib, then a —ib is called congugate of z and is denoted by2

Equality In Complex Number:
z=z, OOOO0ORe(z)=Re(z 2) and & (z1) =K (z2).

Properties of arguments

(i) arg(z172) =UR/ALh 29 2Ly L OHIbABIRdNHREGE M.
(“) arg(z

(iii arg (z2) = 2arg(z) + 2mK for some integer m.
) arg(z) =0 ad z is a positive real number
(iv arg(z) = £ /2 O z is purely imaginary and zX 0

Properties of conjugate

(v)

(i) |zl =1z (i) zZ = |z|2(iii) Z4 Dzz =z, +2Z,
(lV) Z1 DZZ = 21 - 22 (V) 2—22 = 212_2
1

(vi) Eﬂ% 21 (g

Z2 22
(vii) |lz# z22=(z1 + 22)(21 Dzz) = |z13 +|z2F + 2122 +Z122
(viii) (2_1) =z (ix) If w=1f(z), then w =1f(Zz)
(x) arg(z) +arg(z)

Rotation theorem
If P(z1), Q(z2) and R(z3) are three complex numbers and¥PQR = [J then

od
z, 0z,
Demoivre’s Theorem :
If nis any integer then

Z3 DZZ oil

z, 0z,

(i) (cos® +isin®)n =cos nX + i sin nX
(ii) (cos® 1 +isin¥1) (cos K2 + i sin K2) (cos [h+isin  [)
(cos @3 + i sin ®3) .....(cos Bn + i sin Bn) = cos (X1 + K2 EB o 0) +

isin(@1+K2+X3+....... + Kn)

Page # 31



Cube Root Of Unity :

(i) The cube roots of unity are 1, b O ‘/g , b1 Di‘@ .
2 2
(i) If K is one of the imaginary cube roots of unity then 1 + X + ¥? = 0.
In general 1 + ®r + X2r = 0; where r X | but is not the multiple of 3.

Geometrical Prope1rtie§|:
— ZZ|.

Distance formula : |z

mz Knz .. I mz Xnz
; S 2 1(internal division), z = 2 1(external
Section formula : z mEn myEn
division)
(1) amp(z) = K is a ray emanating from the origin inclined at an angle
X to the x axis.
(2) Xz R a¥ = Kz X bK is the perpendicular bisector of the line joining a
to b.
zUz
(3) If z0z, =k O1, 0, then locus of z is circle.

VECTORS

Position Vector Of A Point:
let O be a fixed origin, then the position vector of a point P is the vector

— 0 0
OP. If a and b are position vectors of two points A and B, then,

0
ﬁ=b&agpvofBMpvofA.

0 a
DISTANCE FORMULA : Distance between the two points A(a) and B(b)
n 0
i = O
is AB ‘ ab

0 ndamb Db
nakxim a
SECTION FORMULA :'mJ_mKn_ . Mid pointof AB=—2 .

Page # 32



d i ad
0O0.  Scalar Product Of Two Vectors: a. B= |af | tl’:| cos &, where F"L‘l, Ib|
0

a a a
are magnitude of 5 and p respectively and K is angle between a and

on? 8.5
a.

1. iLi=jj=kk=1; ij=jk=ki=0 0O projection of onb DT
0 oo |b]

2. If  =ali+a2j+a 3k&b =b1i+ b2j + b3k them.b = a1b1 + a2b2 + a3b3

a 00

o0 0 o_nab

3. The angle ¥ between g8 is given by COS I_Eﬁ%_l’ 0 DODOO00D

g O a 0 a
4. a.bﬁoga%b (@00 bO0)

U0O0.  Vector Product Of Two Vectors:

0a
Ifg&bnare two vectors & K is the angle between theDm tnq‘nDFxb@absinNn,

nl g O 0o
where is the unit vector perpendicular to botha&b such thata,b&n

forms a right handed screw system.

o0
2. Geometricall’yaxt) = area of the parallelogram whose two adjacent sides
g O
are represented byg&b -
~ ~ 0 - N o
3. }Rﬂ“&ﬂ“&ﬂ“& KDk®0 ;7 KR k™, ik ol k&R ]
i . 1 L.
4. Ifa=a1f +a25+a3kn &b=b1f+bzn+b3knthen
L ]
p 0 |7 1]
alkb O al a2 aS

0 0 0 0 0 _
5. aObOo O aandb are parallel (collinear)

o 0O .0 0
(@ 00,b 00)i-e.aKb , where K is a scalar.
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HV.

o 0
0 xb

Unit vector perpendicular to the plane of a&bisi™ [0 ‘
axhb ‘

0
If a,%gcare the pv’s of 3 points A, B & C then the vector area of triangle

1[@kbREbxXCcXCxal.

, oo p.03n % Q; % a
The points A, B & C are collinear if axbRbxc Xarop
o O

Area of any quadrilateral whose diagonal vectors are d1 & d2 is given by

0
3%
Lagrange's Identity : (gxtﬂ) 2&’3. Tb‘glz(z EE E

a.bb.b
Scalar Triple Pro
Tﬁaeasrcarl:'zlpr ?rlprle product of three vectorsélX,b&cK is defined as:

0 00 000¢0O
axb.cOa H; H $inl cosl.

goQ
Volume of tetrahydron VK[abc]
In a scalar triple product the position of dot & cross can be interchanged

T 0g o0 0 0 Oppg 000
i @Xﬁ)mtéaﬁ %]C OR[abc] Ufpgall (cab]
(cx

a. (bxc) U byie (A O Oy ¢ p)
0 I ol nop @123
It = ati+a2j+adky =b1i+b2j+b3k & = c1i+c2j+c3k thehabddbib2b, .
all clc2g

{ I offQ
Ifa,b,c are coplanarX[abc]X0.

g 0 ad
Volume of tetrahedron OABC with O as origin & Bf2p) and C(c)

be the vertices = ’ 6 [abc
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The positon vector of the centroid of a tetrahedron if the pv’s of its vertices

000 0 00 g
area,b,c&d are given by 4
Vector Triple Product: [a Ob0cOd].

g 0O go o0o0a0 a0 ool O0npo

ax(bxc)= Fa.c)bdila.b)c ,(anb)xc 0 =(a.cb O (b.c)a
o [ 0

] (alXb)XC[L”:l)(I:&bXC)I:I , in general

3-DIMENSION

Vector representation of a point :

Position vector of point P (x, y, z) is xf + y} + 2K
Distance formula :

Jo10x,)? Dy1 0y, Oz1 07,7 * A 7108 ~OAl

Distance of P from coordinate axes :

PA=[y? 022 ,PB=y2z2 Ox? , PC = x? Oy?

mx2 Knx1 my2 Kny1 mz2 Knz1
Section Formula: x= —m@m—, Y= —mBm— 2= —m&n

x1 ¥ x2 y 1Ry z, 0z2
Mid point: x 0—o—y X 27,7|]12

Direction Cosines And Direction Ratios

(i) Direction cosines: Let KXXXXXX be the angles which a directed
line

makes with the positive directions of the axes of x, y and z respectively,

then cos K, coslX cos W are called the direction cosines of the
line. The direction cosines are usually denoted by (K, m, n). Thus

ﬁi): COS ¥R 'th GRStk Bircches Ebsines of a line, then B2 + m2 + n2 = 1

(iii) Direction ratios: Let a, b, ¢ be proportional to the direction cosines
X, m, n then a, b, c are called the direction ratios.
(iv) If X, m, n be the direction cosines and a, b, c be the direction ratios

of a vector, then

noo @ m0O 0 b Nuls c

22Bb20c2 a2®b2 2’ a2 b2 02
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(vi) If the coordinates P and Q are xé g;(,lzy_a %%gfwg,g%)é&%étfeand

direction ratios of line PQ are, a = x

20
the direction cosines of line PQ are XX X =1

Angle Between Two Line Segments:

N Ob1b2 X GS
\/azmbg 0c2 \/aQMb 2 0c2

cos L=

The line will be perpendicular if ala2 + b1b2 + c1c2 = 0,

c
parallel if & =2 -
a, 1 1

Projection of a line sggm&\t on a line

If P(x1, y1, z1) and Q(x2, y2 zg) then the projection of PQ on a line having
direction cosines X, m, n is

‘l:l(x , Ox1)0m(y , Oy1)On(z2 Uz1)|

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

(i) Normal form : Xx + my + nz = p

(ii) I;Ia(newthﬁ)ugg the@p%r;t (% @&Zﬂ
(iii)  Intercept Form: ¥ n2 1

a_b c
Vector formi: (MK a).nX =[0 @r rth =a. nk
(iv)

(v) Any plane parallel to the given plane ax + by + cz+ d =0 is
ax + by + cz + K = 0. Distance between ax + by + cz*+&and
|d1 Mdz |

ax+by+cz+d2=0is=

Jazipr oe
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10.

(vi) Equation of a plane passing through a given point & parallel to
the given vectors:

I
. +00F + O (parametric form) where X & K are scalars.
r=2 pp ¢ a0l
or r.(bUc) = .(blc) (non parametric form)
A Plane & A Point
(i) Distance of the point (x&, yX, zR) from the plane ax + by + cz+d = 0
axby'lczld
given by ———.
ya2lb2lc2
0 0 0O
(ii) Length of the perpendicular from a point (g ) to plane r.n =d
o _la.nUd]|
isgivenbyp=_-—"_ — .

(iii) Foot (xX, yK, 2{&} |of perpendicular drawn from the pojnt £x) to

the plane ax + by + cz + d = 0 is given by X'y DVEVm Zle,
a b c

(ax1 ¥by, Ocz, Od)
a2Kb? DCZ
(iv) To find image of a point w.r.t. a plane:

Let P (x1, y1, z1) is a given point and ax + by + cz + d = 0 is given
plane Let (x¥, yK, zK) is the image point. then

X'®x1 . y'Ry1 . zKz1 ) (ax1 ¥by, Ocz, Od)
a o T a2®b2 O¢?

Angle Between Two Planes:

aa' Xbb Mcc'
O=
Ja2Bb2 B c2/a'2 BB g2

COos

Planes are perpendicular if aak + bbX + ccl = 0 and planes are parallel
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1.

12.

13.

00

ad o
The angle X between the planes ., =d1and r.n, = d2is given by, cos

00

0= gn1.n2

[n1].]AD |

nd O

Planes are perpendicular if 9 n2 =0 & planes are parallel if
o ol
n1 =X 2,Kis ascalar
Angle Bisectors
(i) The equations of the planes bisecting the angle between two

given planes
alx + b1y + c1z +d1 =0 and a2x + b2y + c2z + d2 = 0 are

axRb1yXcl1zid | _, axX 2y B c2®d2

Ja;bzg] 2 /azzmzzgc

(i) Bisector of acute/obtuse angle: First make both the constant terms
positive. Then

alad 41 e163%% B BHgiA lies AnARieape'e

a

Family of Planes
(i) Any plane through the intersection of a1x + b1y + c1z+d1 =0 &

AR N 82 92T R (a2x + b2y + c2z +d2) = 0
a

(i) The equatign of plane sing through the intersection of the
i ij ﬁ nd

planesr.n=d1& .N2=d2isr. (n1 + ) = d1 KKKd2 where
X is arbitrary scalar

Volume Of A Tetrahedron: Volume of a tetrahedron with vertices
A (x1, y1,z1), B(x2, y2, z2), C (x3, y3, z3) and

X1 Y1 %4
1 X2 Y2 %
D (x4,y4,z4)is givenby V= (X5 Y, Z,

X0 Yo %

JEL NI L (I §
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A LINE

Equation Of A Line
(i) A straight line is intersection of two planes.

it is reBrsented b(}/ two planes aix + b1y + c1z + d1 =0 and
a2x + b2y + +c2z +

xI:le =yI:Iyl _z[Iz 1=r

(i) Symmetric form :

b c
(iii) Vector equation: |D=a[|+ Kb
(iv) Reduction of cartesion form of equation of a line to vector form & vice
versa
I O s in .y e
x Uxy =y_t:/1 =& mr:(x“1|+yj1+ zK') + R (ai” + bf” + ¢, ).
a (of

Angle Between A Plane And A Line:

Oyi1 Zkz1
(i) If K is the angle between I|ﬁe X1 _% =—7— and the
plane ax + by + cz + d = 0, then
. al Opm Ocn
sin U=
/(az ®b20C2 }/Dz 0m2 [On2
. 0 a0 I
(ii) Vector form: If B the angle between a line ; = (3 + Up) and
0 A D
EE =d then sind2 B—ME—IZ'
Oblin[H
0 m n 0 g
(iii) Condition for perpendicularity — =— = — | b Xn=0
a C
[
(iv) Condition for parallel a+pm+cn=0 b.0=0
Condition For A Line To Lie In A Plane
n
xOx,_ yOyt 20O o
(i) Cartesian form: Line 0 1= Y=Y _Z~Z1wouldlieinaplane

m n
ax+by+cz+d 0, if ax 1+byl+cz1+d=0&
ak+bm+cn=0

0 0O

(ii) Vector form: |%]_lngr
=0& . =d
Page # 39



4,

Skew Lines:

(i) The straight lines which are not parallel and nonRcoplanar i.e.

nonkintersecting are called skew lines.

- - z—X - -0 _z-®
X DDy O N X oY

lines O U

m n X' m' n'
0odd cgd ggd
f0= O m n | 0O, then lines are skew.
0" m n
(ii) Shortest distance formula for lines
0 0O 0 0 0 0 . MMGZ-@MJ—‘—J
r=a, +Up andr =4, +0p, |sd|]‘ ‘gmbﬂ‘ ‘
2
: u 0 0
(iii)  Vector Form: For Ilne% r =Da1 +Kipand r = 22 + Dbz to be skew
0 0 al a
(b, xb2). ( 2K q)N 0
(iv) Shortest distance between parallel lines
04 0 00 [ (EZEIDHDE
r @ +Ub&r =a,+0pis d= b )
0 0
(v) Condition of coplanarity of two lines ¢ =a + Ob & r =¢c +0q is
g ogbO
[a—cbd] 00
Sphere

General equation of a sphere is x2 + y2 + z2 + 2ux + 2vy + 2wz + d = 0.

(Bu, — v, Bw) is the centre an\?{JZNVZQWZNd is the radius of the sphere.
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10.

Area of Triangje (

1 1 1
0= Eab sin C = Ebc sin A = Eca sin B = /s(sUa)(s Ob)(s Oc)

m - n Rule:

If BD : DC =m : n, then

(m +n)

A

cot¥[] mcot 0 O ncotl
O ncotB O mecotC

Radius of Circumcirlce :

R =254 D258

b0 & - abe
2sinC 411

Radius of The Incircle :

. _I]
(l)f-g

(iii) r = 4R sinA s.inE sin—
2 2

A B C
i) r = (s®¥a) tan— =(s¥b) tan— =(s®c) tan—
(ii) r= (s¥a) 5 (s¥b) 5 (s¥c) 5

C
2

Radius of The Ex- Circles :

g g

iyr1 = J T2
@ sla

A

(ii) r1 =stan—:
2

(iii) r1 = 4 R sin

= 3=
sOb slc

r2 = stanE: r3 = stan£

A

B C
. cos—.cos—
2

2
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SOLUTION OF TRIANGLE

a b c
sinA ~ sinB  sinC’
Cosine Formula:

Sine Rule:

. _p?OcBa2 _ ¢ Da20 p?
(|)cosA—T (i) cos B = B TYE
2
(iii) cos C = a2lb2l

2ab

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

Napier’s Analogy - tangent rule:

(i) tan —— =—F—— cot—

Trigonometric Functions of Half Angles:

0 snh o [6EDE09 B 5006 Ta)
2 be 2 ca ’

C
sinj = (s Da)( )

s(s[la s (sOb) _ [s(lc)

(i) cos— =

0
(i i) tan; = (SD?S[(]Z)C) ( ) where s =2 9D H¢ g gomi
s(sta 2
perimetre of triangle.

20
) snas2 JSTRE B 00 = oo
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1. Length of Angle Bisectors, Medians & Altitudes :

A
(i) Length of an angle bisector from the angle A =R = 2 becos 2 .

blc

(i) Length of median from the angle A = ma =% J2b202c2 032

20

& (iii) Length of altitude from the angle A=A a =——
a

12. 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 KXK 2A, XXX 2B and XXX 2C.
(ii) Its sides are a cosA = R sin 2A,

b cosB = R sin 2B and
c cosC =R sin 2C

(iii) Circumradii of the triangles PBC, PCA, PAB and ABC are equal.
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13.

14.

TN TR —
e triangle forme oining the three excentres -
called the excentral of txcentric triangle. 1, B2nd K3 of 1 ABC is

(i) X ABC is the pedal triangle of the K K1 K2 K3.

0 O 0
(ii) Its angles are — DA,— nB & — DE.
2 2 9 2 2 2

(iii) Its sides are 4 R c:osA ,4R cosE & 4R cos%.
2 2

(iv) &x§=4Rsinﬁ;mm2=4Rsi£;mm3=4Rsn£,
) 2 2 2
Incentre X of B ABC is the orthocentre of the excentral g .
Distance Between Special Points :
(i) Distance between circumcentre and orthocentre
OH2 = R2 (1 — 8 cosA cos B cos C)
(ii) Distance between circumcentre and incentre

OR2 =R21_gsin 2 SINB sinC)=R2-2Rr
2 2 2
(iii) Distance between circumcentre and centroid

0G2 = R2 —% (a2 + b2 + c2)

INVERSE TRIGONOMETRIC FUNCTIONS

Principal Values & Domains of Inverse Trigonometric/Circular
Functions:

Function Domain Range

0
(i) y = sin®1 x where R1KRX 01 02 Oy DE
(i) y = cosi1 x where X1KX 1 00yOO

a

(iif) y = tan®1 x where X®R E Oy DE

o 0
(iv) y = cosecl x where xOOlorxO1 [Oo Dy O—,y0o

2

(v) y = seck1 x where x O horxK1 Oﬁyggymg
(vi) y = cot1 x where xOR O<y<0O
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-1

(1)

(ii)
(iif)
(iv)
(v)

(vi)
(M)

(ii)
(iii)
(iv)
0]

(i)

(iii)

sinX1 (sin x) _x E

D
cosi1 (cos X) é
tanR1(tan x) = x; D— Ox D-2—
cotR1 (cotx) =x; 0<x<0O

secl1 (sec x) = x; O
( ) Oﬂxumxmi

cosecR1 (cosec x) = x; xR0, DED X D-ZD-
2

sink1 (Bx) = X sink1 x, KXRXKXKEKKT K x K 1
tank1 (Xx) =¥tanX1 x, XxKR

cosk1 (Kx) = XK cos¥1 x, KXK1 ¥ x ¥ 1
coti1 (Kx) = KX cot¥1 x, x ¥R

sinkx + coslx =—, X1 Ox 01
tanX x + coti x =

O
cosecl X + secl x =5 OxO ™

Identities of Addition and Substraction:

(i)

(ii)

(iii)

sink1 x + sink1 y

—smm%ﬁx/l Oy? Oy {10x2 DEX 00,y 00 & (x2 + y2)1

20

. =1
=DDS|nIZI1E %1Dy2 Oy \/1|:|)|(_| ,x00,y00&x2+y2>1
X

COSH X + Cos® y = cos&ﬁxg 0y10x* 1 Dyzg, x 00,y00
a

X
O
taan!x+tanIZ!y=tan®11D—y,x>0,y>0&xy<1
Xy

O
=D+tan®1u,x>0,y>0&xy>1
1Uxy

O

=—,x>0,y>0&xy =1

2
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(i) sink x [JsinX1 y=sin@\/1ﬂy2 Dy\/1D)|(]ADijDO,yDO

O
(ii) cosi x X cosk1 y = cosRH(y 0,10x% J1Ry2 ED
ad
xK0,y0o0, xRy

XKy
(iii) tank1 xJtank1y = taanlﬁWy, xX0,y 0o

O 2ling1 x 1
o0 | lxlmﬁ

@ s nm@zx /1DX2§ _ 2;n®1x JELE 1
sink;1 xX, D1

f
2CosHix it 0 Ox 01

KR2cos®1 x if (1 0x 00

0 d f
O02tank1x i |x|®1

(i) tanmz_X 2tanf@1x ¢ xEE1

0O 2tank x

f
0 2tanX1x l |X|R1

(i) cosk1(2 x201)

(iv)  si nE-12X - B9 2tanmix x®1
102 B0 Z5an x4
1
f
1Kx2 D2tan&1x
(v) cosRt. = 05 if bo
1Xx2 E ank1x 0o
[ Oy Oz Ox z g
If tank1 x + tank1 y + tank1 z = t xx;Dysz D|fx>0 y>0,z>
0&(xy+yz+2zx)<1
NOTE:
(i) If tank1 x + tanX1 y + tan®1 Zthen x + y + z = xyz
(ii) If tank1 x + tank1 y + tank1 Z—S= then xy + yz + zx = 1

(iii) tan¥1 1 + tank1 2 + tank1 3 =&
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STATISTICS

Arithmetic Mean / or Mean

If x1, x2, X3 ,....... xn are n values of variate xi then their A.l4. defined as
1B 2M3® XN Xix
X = x = X1
n Al
n
If x1, x2, x3, .... xn are values of veriate with frequencies f1, 2, f3,......... fn then

their A.M. is given by

f,x, Of X, Of3x3 K...... fnfn Iﬂf|x|

where N = lzfl

X = f0f, 080 Bf 7 IWN : -
Properties of Arithmetic Mean :
(i) Sur’r_1 of deviation of variate from their A.M. is always zero that is
O (%K = 0.
(i) Sum of square of deviation of variate from their A.M. is minimum

that is HXxX2 is minimum

(iii) If Xis mean of variate xi then
AM. of (xi +K) =x+K
A.M. of Ki . xi = Kx

AM. of (axi+b)=ax+b

Me di an

The median of a series is values of middle term of series when the
values are written is ascending order or descending order. Therefore
median, divide on arranged series in two equal parts

For ungrouped distribution : If n be number of variates in a series
then

D@E%‘%rm,&when n is oddx
2

L h h .
Median = ﬁwean of O andiin. D2itermRwhenniseveny

. 20 02 O
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Mode

If a frequency distribution the mode is the value of that variate which have

the maximum frequency. Mode for

For ungrouped distribution :
The value of variate which has maximum frequency.

For ungrouped frequency distribution :
The value of that variate which have maximum frequency.
Relationship between mean, median and mode.

(i) In symmetric distribution, mean = mode = median
(i) In skew (moderately asymmetrical) distribution,
median divides mean and mode internally in 1 : 2 ratio.
. 2Mean U Mdde ]
O median = 3

Range

differenceofextremevalues LK
sumofextremevalues ~ S

where L = largest value and S = %rﬁallest value

Mean deviation :

n

|xi BA|
Mean deviation = D
®1 N

n
fi | xi®A|
Mean deviation = D (for frequency distribution)
X1 N

Variance :

Standard deviation = %/v ar iance
formula

Dx2= O] ixd 02
n
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O

X

ARxiE
Kxz g o Kxe
= i -N U i
O O
O O

Rd2 O D%ZD o
2= —— 91 'where d = xi —a, where a = assumed mean
n S n

(i) coefficient of S.D. = O

coefficient of variation = 0 100 (in percentage)

Properties of variance :
(i) var(x + &) = var(xi)

(i) var(X.x) = ®{var xi)

(iii) var(a X + b) = 3(var xi)
where K, a, b are constant.

MATHEMATICAL REASONING

Let p and q are statements

Pla pPXq Avqg P EG [ qWp [ pNq [ qXp
TIT| T [T T l l l
TIF| F | T | F T F F
FIT| F | F | T F F F
FIF| F | F | T T T T

Tautology : This is a statement which is true for all truth values of its
components. It is denoted by t.
Consider truth table of pv ~ p

pP|~p|pVv~p
T|F T
FI T | T
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Fallacy : This is statement which is false for all truth values of its compo-
nents. It is denoted by f or c. Consider truth table of p"A~ p

p|~p PE~p

T|F F

FI T| F

(i) Btatements piq plq pXq | pX g
Negation (~P)R(~q) (~p)O(~q) | PE(~a)p® —q

Let pXgThen
(ii) | (Contrapositive of pR q)is(~q 0 ~p)

SETS AND RELATION

Laws of Algebra of sets (Properties of sets):
(i) Commutative law : (ARB)=BRA;ARB=BRA
(ii) Associative law{AXB) R C=AR (B C) ; (ANB)XC = AX (BN C)

(iiii) Distributive law :
ARK(BN C)= (ANB)R(ARC): AR (BRC)=(ANB)X (AR C)

(iv) De-morgan law : (AXB)'=A'KB'; (ARB) =A'RB'
(v) Identity law : ARU=A;ARK=A

(vi) Complement law : ARA'=U, ARA =K, (A') =A
(vii) Idempotent law : ABA=A ARA=A

Some important results on number of elements in sets :
If A, B, C are finite sets and U be the finite universal set then
(i) n(AR B) =n(A) + n(B) —n(AX B)
(ii) n(A—-B) =n(A)—n(ARB)
(iii) NARBRC)=n(A)+nB)+n(C)—n(ARB)—n(BRC)—n
(ARC)+n(AXRBK C)
Number of elements in exactly two of the sets A, B, C

=n(ARB)+n(BXC)+n(CKA)-3n(ARBKC)

(iv)

(v) Number of elements in exactly one of the sets A, B, C
=n(A) +n(B) + n(C) —2n(AX¥B)—2n(BX C) — 2n(A K C)
+3n(AXBRC)
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Types of relations :

In this section we intend to define various types of relations on a given
set A.
(i) Void relation : Let A be a set. Then XK A x A and so it is a rel:

on A. This relation is called the void or empty relation on A.

(ii) Universal relation : Let Abe aset. Then Ax AXA x Aandso itis
a relation on A. This relation is called the universal relation on A.

(iii) Identity relation : Let A be a set. Then the relationA = {(a,a) : a &

A} on A is called the identity .
FElaHIBRIPLY=l) QIBRTSNPHIS "RifiRY

(iv) Reflexive relation : A relation R on a set A is said to be reflexive if

every element of A is related to itself. Thus, R on a set A is not reflexive
if there exists an element a K A such that (a, a) K R.

Note : Every identity relation is reflexive but every reflexive relation in
not identity.

(v) Symmetric relation : A relation R on a set A is said to be a

symmetric relation i
iff (a, )RR ® (b ,a) X R for all a, b R A. i.e.aRbXbRafor
alla, bR A.

(vi) Transitive relation : Let A be any set. A relation R on A is said to
be a transitive relation

L@ RESWHE: IRE @ O BRToral g b 6 TR A
(vii) Equivalence relation : A relation R on a set A is said to be an

equivalence relation on A iff

(i) it is reflexive i.e. (a, a) K R for alla X A

(ii) it is symmetrici.e. (a, b)) KRR (b, a)®R R foralla, bR A

(iii) it is transitive i.e. (a, b) "R and (b, c) X RK (a, c) K R for all a,bXA

rté\ on A is called the identity
o itself only.
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