Distance Formula: d= \/(X1—X2)2+(Y1—YZ)2 .

. mXx,+ nx my,+n
Section Formula : x = # y = LLPESL AN

Centroid, Incentre & Excentre:

Xq+Xy+Xg Yi+Ya+Y3 ax,+bx,+cx; ay,+by,+cy;
, , Incentre | '
3 3 at+b+c a+b+c

Centroid G (

—axy +bx, +0x3 —ay,+by,+cy;
—a+b+c ' -—a+b+c

Excentre I1[

Area of a Triangle:

Xy ¥y 1
X, Yo 1
X3 y3 1

1

AABC = 2

Slope Formula:

. . L . _Yi— Y2
0] Line Joining two points (x, y,) & (X, y,), m = H
X, oy, 1
Condition of collinearity of three points: X, ¥y, 11 =0
X3 y; 1
Angle between two straight lines : tang= M1 -M2|
1+mym,

Two Lines : ax+ by +c=0and a’x + b’y + ¢ = 0 two lines

_a b C
1. parallelif — =— # —.
a b C

. i c—C
2. Distance between two parallel lines = -2
Ja2+b?

3 Perpendicular: Ifaa” + bb" = 0.



9.

10.

1".

12.

No o A

A point and line:

ax;, +by, +¢
Jai+b® |

X=Xq1 Y—Yq _zax ,+by ;+cC

1. Distance between point and line =

2. Reflection of a point about a line: = =
P a b a2+b?
) ) XX Yy axq+by4+c
3. Foot of the perpendicular from a point on the line is a b a2+b2
. . b ax+by+c’
Bisectors of the angles between two lines: MIVIC - y

JaZ+b? \/a’2+ b

Condition of Concurrency :of three straight lines ax+ by + ¢, =0,i=1,23is[a, b, ¢, =0.
a; by ¢

A Pair of straight lines through origin: ax®+ 2hxy + by>=0

2,/h?—ab

If 6 is the acute angle between the pair of straight lines, then tan 0 = a+b

Intercepts made by Circle x2+ y2+ 2gx + 2fy + ¢ = 0 on the Axes:

(@) 24/g*~c on x -axis (b) 2/f>~¢ ony - aixs

Parametric Equations of a Circle: Xx=h+rcos6; y=k+rsing
Tangent :

(a) Slope form : y=mx * g +1+m?

(b) Point form : xx, +yy, =a?orT=0

(c) Parametric form : x coso +y sina = a.
Pair of Tangents from a Point: ss =T2

Length of a Tangent : Length of tangent is /S
Director Circle: x2 + y2 = 2a2 for x2 + y2 = a2
Chord of Contact: T=0

2LR
1. Length of chord of contact = ﬁ

R+ 2
RL®

2. Area of the triangle formed by the pair of the tangents & its chord of contact = —R2+L2



L2~ R?
4. Equation of the circle circumscribing the triangle PT T,is: (x-x) (x+g)+(y-y,) (y+f) =0.
Condition of orthogonality of Two Circles: 2g,g,+2f f,=c +c,.
Radical Axis : S,-S,=0 i.e. 2(g,-g,)x+2(f-f)y+(c,—¢c)=0
Family of Circles: s, +KsS,=0,S+KL=0.

2RL
3. Tangent of the angle between the pair of tangents from (x,, y,) = —]

Equatlon of standard parabola

y2 = 4ax, Vertex is (0, 0), focus is (a, 0), Directrix isx + a= 0 and Axisisy =0
Length of the latus rectum = 4a, ends of the latus rectum are L(a, 2a) & L’ (a, — 2a).
Parametric Representation: x = at? & y = 2at

Tangents to the Parabola y? = 4ax:

a
1. Slope formy=mx+— (mz0) 2. Parametric form ty = x + at?
m

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

y-y, = —;'—1 (x—x)at(x, y,) ;y=mx-2am-am?®at(am? —2am) ;y + tx = 2at + at® at (at?, 2at).
a

g

Standard Equation : — +- =1, where a>b & b? = a* (1 - e?).

b2
Eccentricity: e =1/1 - ,(0<e<1), Directrices : x = % o
a2

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

2
Latus Rectum : = %=2a (1—e2)

oY}

Auxiliary Circle : x2+ y2= a2
Parametric Representation : x=acos9&y=Dbsin9
Position of a Point w.r.t. an Ellipse:

2 2
X
The point P(x, y,) lies outside, inside or on the ellipse according as ; —12+z—12—1 ><or=0.
’ a
2
Line and an Ellipse: The line y = mx + ¢ meets the elllpse— # =1 in two points real, coincident
or imaginary according as ¢?is < = or > a?m? + b%.
W1
Tangents: Slope form: y = mx £ /a?m2+b2 , Point form : =1,
g p y a‘m“+b az b2

xcosf  ysing

Parametric form: =1



oD

2 2 2_b2

Normals: ax_by =a2-b? ax.secH - by cosecd = (a>-b?),y=mx- m
X Y1 T ’ ,}a2+ b%m? .

Director Circle: x> +y>= a2+ b?

2 2
. X
Standard Equation: Standard equation of the hyperbola isa—2 - z—z =1, where b2=a2(e2-1).

Focii: S =(t ae, 0) Directrices : x==
Vertices : A=(z a, 0)

o |

202
Latus Rectum (£): ¢ = o = 2a (e?-1).
Con' . X2 y2 3 X2 yZ B .
jugate Hyperbola: = — o 1 & -+ o 1 are conjugate hyperbolas of each.
a a

Auxiliary Circle : x2+y2= a2
Parametric Representation : x=asec6&y=btan g
Position of A Point 'P' w.r.t. A Hyperbola :

2
S, = % - % —1 >, =or < 0 according as the point (x1yy1) lies inside, on or outside the curve.
Tangents :
(i) Slope Form :y=m X+./a’m? - b?
(i)  Point Form : atthe point (x, y,) is % - y—y21 ~1.
a b
(iii) Parametric Form : xsecd _y tand =1.
a b
Normals :
a’x b2y
(a) at the point P (x, y,) is — +—— = a?+ b?= a’e”.
X y1
(b) at the point P (a sec 6, btan 0) is ax + by aZ+ b?2=a’e?
secO  tand

) . ) !'(12+b2 !m
(c) Equation of normals in terms of its slope 'm'arey = mx + .
[,2 2 2
a“—b"m
2 2
X
X _¥Y _o.

= 0. Pair of asymptotes : e

Asymptotes: =+ Y =0 and X
a b a

o <



9. Rectangular Or Equilateral Hyperbola : xy = ¢2, eccentricity is /2 .
Vertices : (x ¢ +c) ; Focii Z(i ﬁc,t ﬁc) Directrices : x +y = i\/f c

Latus Rectum () : ¢ = 242 c=TA. = C.A.
Parametric equation x = ct, y = ¢/t, t € R — {0}

Equation of the tangent at P (x'y,) is Xi + yi =2&atP()is %+ ty=2c.
1 1

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

e LINCEEINETON e
1. Limit of a function f(x) is said to exist as x — a when,
Limt fa—h) = LM @ 4h) = some finite value M.
(Left hand limit) (Right hand limit)
2. Indeterminant Forms:
0 = 0% oo, 00 — oo, 009, 0°, and 1.
0 oo

3. Standard Limits:

Limit SINX _ Limit fanx _Li

mit tan~"'x _ Limit sin~"x _ Limit e -1 _ Limit n(1+x) -1
x—0 X x—0 X -0 X x—0

X x—0 X x—=0 X

. .. X L X _ L n_.n
Limit (1 4 yyi = &ILT]It [1+1j =g, Limit 2 1 _ log,a, a > 0, Limit X —8 _ a1
X

x—0 oo X x—0 X—>a X—a
4. Limits Using Expansion
2.2 31,3 2 3
. x_4 . XIna x%In“a  x’In"a . x _ X X X
0) a¥=1+ m + o + 3 o a>0 (i) e _1+ﬁ+ﬁ+§+ ......
2 3 4 3 5 7
=x_ X X X _ i inx=x_X_ X X
(iii) In (1+x) =X > + 3 4 e for—-1<x<1 (iv) sinx =x 3l + 5 T o
2 4 6 3 5
x* x7 x X7  2x
coSX=1-—+"—"—+—-"—+..... i = X+—+——+......
) 24 el v tanx 3 15
3 5 7 2 242 292 g2
.. X X X . 1 3 1°.3 5 12.3°.5 7
X = X——+ —— T+ ... X = X+ —X" + X7+ X'+
(vii) tan'x 3 5 7 (viii) sin"'x 3 5) 7
n(n-1) n(n-1)(n-2)
) for|x] <1, ne R(1+x)"=1+nx+ 12 X2 + 123 X+ )



Limits of form 1=, 0°, oo®
Also for (1)~ type of problems we can use following rules.

lim = lim . =lim = Iim[fe)-190)
(1+x)"*=e, [fCO1® , where f(x) =1 ; g(X) >~ asx—a="" = ga

x—0 X—a

Sandwich Theorem or Squeeze Play Theorem:

If f(x) <g(x) <h() ¥ x & HMIt g =, =HMIt ) then LMt g =

X—a X—a

Differentiation of some elementary functions

d d d 1 d
R ny = n-1 - Xy = X - =- - =
1. dx (xM = nx 2. dx (@) =a*ina 3. dx Un |x]) - 4. dx (log_x) <ina
5 a4 s = 6 a =—si 7 da = t
- dx (sin x) = cos x 6. dx (cos x) ==sinx 7. ax (sec x) = sec x tan x
8 a4 = t 9 a t = 2x 10 a t x) = 2
" dx (cosec x) = — cosec x cot x © dx (tan x) = sec® x * dx (cot x) = — cosec? x

Basic Theorems

d d d d
1. 5 F£9)=F0)£9'(x) 2. o KFCO) =k - FOO 3. o (FG) - 9(x)) = F() 9'(x) + 9 (x) F'(x)

d [ ) j _g(x) Fx) ~ Fx) g'(x)

d
“dx (9 )T g%(x) 5. 4 (@) = Fg(x) g'(x)

Derivative Of Inverse Trigonometric Functions.

dsin~"x 1 dcos™" x 1
= , = - ,fOF—1<X<1-
dx J1—x2 dx 1-x?
dtan~"x 1 deot™'x 1
_ - R
dx 1+x2 7 dx 1+x2 xer
dsec—1x 1 dcosec™'x 1
- , =— ————,forxe (—o, — 1) U (1, =)
dx IXl\/X2—1 dx | x| Vx? -1

Differentiation using substitution

Following substitutions are normally used to sumplify these expression.

@) x2 4+g2 by substituting x = a tan 6, where - g <0< g
(i) a2 _x2 by substituting x = a sin 6, where - g <0< g



iii) x2 —g2 by substituting x = a sec 0, where 6 [0, ], 0= g
X+a _—
iv) 2 x by substituting x = a cos 6, where 6 € (0, =].

Parametric Differentiation

dy dy/do
Ify = f(0) & x = g(0) where 0 is a parameter, then dx dx/de -

Derivative of one function with respect to another
dy dy/dx ()

Lety=1(x); z=g(x) thena— dz/dx R

fx) 9(x) h(x)
If F(x) =|I) m(x) n(x)|, where f, g, h, |, m, n, u, v, w are differentiable functions of x then
ux) v(x) w(x)
fx) g(x) h'x) [fe0 g0 hx) fx) g(x) h(x)
F/ =10 mX) nX)| +I'(x) m'x) n'x)| +[I(x) mx nXx
ux) v W ux) vx) wx) ux) 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(xy)

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.

Lo _ f(h)-b
f'(h) = h_a
Qth, f(hy)
P(a.b)
y = f(x)
Figure
. . f(h)-b
And equation of tangentisy—-b= —— (x—a)

h—a
Length of tangent, normal, subtangent, subnormal

() PT=|k| Jl+— =Length of Tangent
m

(ii) PN = |k|+V1+m? = Length of Normal



iii) ™M= ’%‘ = Length of subtangent

(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).

m,—m,

1+mym,
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] continuous on [a, b] (i) derivable on (a, b) and

(iii) f(a) =f(b),

then there exists at least one real number ¢ between a and b (a < ¢ < b) such that f'(c) =0

Lagrange’s Mean Value Theorem (LMVT) :

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

tan o=

[0) 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 that w =f(c)
Useful Formulae of Mensuration to Remember :

1. Volume of a cuboid = ¢bh.

2 Surface area of cuboid = 2(¢b + bh + h¢).

3. Volume of cube = a*

4 Surface area of cube = 6a?

5. VVolume of a cone = %1‘5 rzh.

6. Curved surface area of cone = wtr¢ (¢ = slant height)

7. Curved surface area of a cylinder = 2rxrh.

8. Total surface area of a cylinder = 2xrh + 27r2,

9. Volume of a sphere = %nr?

10. Surface area of a sphere = 4nr?.

1. Area of a circular sector = %rz 0, when 6 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).



15. Volume of a pyramid = 3

1
16. Curved surface area of a pyramid = 5

(area of the base) x (height).

(perimeter of the base) x (slant height).

(Note that slant surfaces of a pyramid are triangles)

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

d
J fx)dx=g(x)+c & d_ {g(x)+c} = f(x), where ¢ is called the constant of integration.
X

2. Standard Formula:

n+1
i _[(a + b)" dx (ax+b) +c,n#—1
X n = 7 , —_
® a(n+1)
1
(iii) J e dx = — e+ ¢
a
. 1
(v) J sin (ax+ b)dx=—— cos (ax+ b)+ ¢
a

(vii) J tan(ax+ b) dx = l {nsec(ax+b)+c
a
. 1
(ix) J sec? (ax + b)dx=— tan(ax+b) + ¢
a

(xiii) J secx dx = ¢n (secx + tanx) + ¢

i [ één(ax+b)+c

ax+b
pxX+q
(iv) J- aP*a dx =— +c;a>0
p fna
(vi) J cos (ax+ b) dx -1 sin (ax+ b) + ¢
a

(viii) J cot(ax+b)dx = l fn sin(ax +b)+ ¢
a

(x) _[ cosec?(ax + b) dx = _l cot(ax + b)+ ¢
a
OR /n tan (£+§)+c
4 2

X
(xiv) _[ cosec x dx = /n (cosecx — cotx) + ¢ OR /n tan 5 + ¢ OR — /n (cosecx + cotx) + ¢

dx X

(xv) _[ ——— =sin"'"— +¢

2 2
a —X a

. dx 1 x
(xvii) T, , = sec'— +¢
[X]yx“—a a a

(xix) Jﬁ n [X+1/x2—a2]+c
(xxi) _[ ,dx7=L£n

X"—a~ 2a

X—a

x+a

dx 1 X
(xvi) _[ — =—tan'— +¢
a’+x a a

=/n [X+1}X2+az] +C

(xviii) Jd_x
x?+a?

(xx)

2

X a X
(xxii) j Jar—x? dx=5 Jat—x? +? sin= +¢
a



(xxiii) _[ Jxi4al dx——,/x +a’ +— £n

+C

[X+VX +a ]

(xxiv) _[ \/mdx=§ Jx—a® —% n [%
3. Integration by Subsitutions
If we subsitute f(x) = t, then f’(x) dx = dt
4. Integration by Part :
j(f(x) 9()) dx = f(x) j(g(x))dx - j(%(f(X))J(g(X))dX]dX

dx
5.  Integration of type Iax P s _[\/ax 2 bxrc ,J'\/m dx

Make the substitution x + % =t

6. Integration of type
px+q pX+q -
ax?+bx+c J\/m dx, j(pX+q) ax‘+bx+c dx

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

term and the other containing constant term.

7. Integration of trigonometric functions

% or| X R | o ttan x = t

i u X=1i
a + bsin?x a + bcos?x asin’x + bsinx cosx + ccos?x "

(i) .[ dx OR J' dx OR J dx uttan— =t
1] . e — — =
a + bsinx a + bcosx a + bsinx + ccosx P 2

_[ acosx+bsinx+c
£.COSX+msinx-+n

d
(iii) dx. Express Nr=A(Dr) + Bd_ (Dr) + ¢ & proceed.
X

8. Integration of type

X< +1
,[ <+ K2+ 1 dx where K is any constant.

1
Divide Nr & Dr by x? & put x + — =t.

x

9. Integration of type



dx dx
f (ax +b)\/ﬁ oR J-(aX2+bx+C)‘/ﬁ sputpx+q=F.

10. Integration of type

dx 1. dx 1
f ,putax+b—t, j ,putx—t

2 2
(ax +b)\/m (ax“+ b) \/px +q

Properties of definite integral

b b b a b c b
1. !f(x) dx = !f(t) dt 2. j f(x) dx = — .If(x)dx 3. !f(x) dx = !f(x)dx + !f(x) dx

& Jiooax = [(60+ 1) ax = (21008 L TE0=109
Z 0 0

0, f=x)=—f(
b b
5. J.f(x) dx =_[f(a+b—x) dx 6. J-f(x)d J.f(a—x) dx
a a 0
20 a 2[fdx . f2a-x)=f(x)
7. [100 ax = [0 +fa-x) ax =] 5
0 0 0 , f(2a—x)=-f(x)
8. If f(x) is a periodic function with period T, then

a+nT

nT T
Jf(x) dx =n J.f(x)dx, ne z, J.f(x) dx =n Jf(x)dx nezaeR
0 0

a+nT

_[f(x) dx = (n —m) jf(x)dx m,ne z jf(x) dx = J‘f(x)dx nezaeR

b+nT
jf(x) dx = Jf(x)dx nezabeR
a+nT
b b b
9. If w(x) < f(x) < (X) for a<x<b, then jw(x) dx < Jf(X) dx < j¢(x) dx
a a a
b
10. Ifm<f(x) <Mfora<x<b,thenm(b-a)< Jf(x)dst (b-a)
b b ) b
1. _[f(x) ax| < J| f(x) | dx 12.  Iff(x) >0on[a, b] then _[f(x) dx >0
a a

L he dF(x)
Leibnitz Theorem : IfF(x) = Jf(t) dt, then Tdx =h'(x) f(h(x)) —g’'(X) f(g(x))
g(x)



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

(@) Openinterval : (a, b) = {x : a< x < b}i.e. end points are not included. () or 1]

(i) 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.

(iii) Open-closed interval : (a, b]={x:a<x<b} (] or 11

iv) Closed - openiinterval : [a, b) =x:a<x< b} [V or T[]

The infinite intervals are defined as follows :

0] (a, ©) ={x:x>a} (i) [a, ) = {x : x> a}
(iii) (= o, b) ={x:x<b} (iv) (00, b] = {x : x < b}
\Y) (—oo,0) ={X :xe R}

Properties of Modulus :
Foranya,be R

a |a|
la| >0, lal =[-al, la|>a, |a| >-a, lab| = [a] |b], ‘ b| " |b]
la+b[<]al+b], |a—Db]|={|a] —[b]|
Trigonometric Functions of Sum or Difference of Two Angles:
(@) 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)
(©) Sin?A — sin®B = c0s?B — cos?A = sin (A+B). sin (A— B)

) c0s?A — sin?B = co0s?B - sin?A = cos (A+B). cos (A-B)
cotAcotBF1

© cot (A£B) =" iB T cotA

tan A+tanB+tanC-tan A tanBtanC
® tan (A+B+C)_1—tanAtanB—tanBtanC—tanCtanA :

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

- Cc+D Cc-D
(a) sinC + sinD =2 sin@ cosg (b) sinC —sinD =2 cosL sin——
2 2 2 2
- C+D Cc-D
©) cosC + cosD = 2 cos Czi coSs Q d) cosC—-cosD=-2 sin% sin7

Multiple and Sub-multiple Angles :

) 0
(@ cos 2A = cos?A — sin?A = 2c0s2A-1=1 - 2sin?A; 2 00325 =1+ co0s0, 2 sinZE =1 - c0s80.



2tanA 1-tanA

. = = i = i _ ind
©) sin 2A T tanZA cos 2A THanZA ) sin 3A = 3 sinA—4 sin*A
(e) cos 3A = 4 cos®A — 3 cosA ® tan 3A = M
1-3tan?A
Important Trigonometric Ratios:
(a) sinngt=0 ; cosne=(-1) ; tannx=0, wherenel
b H 150 H 1 _ E _ 750 5_71:
(b) sin or sin 2 2\/5 = C0S or cos 12
cos 15° or cos1 = ﬁﬂ =sin 75° or sin 5—n ;
12 7 242 7 12 ’
tan15° =" =7 =2 /3 =cot75°;tan75 = 341 =243 =cot15
T — T
©) sino~ orsin 18° = @ & cos 36°orcoso = \EH
10 4 5 4

Range of Trigonometric Expression:
— Ja?+b? <asin®+bcosh < .jaZ+b?

Sine and Cosine Series :

. sn® n—1
sina+sin(a+ B)+sin(a+2B) +...... +Sin(cx+n—1[3)= s'nﬁ sin (a+7[5]
|7
2

N

|

Sin@ n -1
coso +cos(o+P)+cos(a+2B)+...... +COS(0c+n—1B)= - Cos[oc+7[3j
sing

N

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

(i) sin9=sincx=>9=nn+(—1)”uwhereae[—§,ﬂ,neI.
(ii) cosf=coso=>0=2nwxrowhereae [0, n],ne L.

(iii) tan9=tanoc:>9=nn+ozwhereoce(—g,gj,neI.

(iv) sin?0 = sin®q, c0s?6 = cos?q, tan*6 =tana. = 0=nnzo.

1. Quadratic Equation : ax>+bx+c=0, az0

—b+b%-4ac _ _ o . :
X = T %a The expression b?— 4 ac =D is called discriminant of quadratic equation.



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

A quadratic equation whose roots are a0 & B, is(x—o) X—-B)=0 i.e. x>— (o +B)x+af =0

Nature of Roots:
Consider the quadratic equation, ax?+ bx + ¢ = 0 having o B asitsroots;D=b?-4 ac

|
1 l

D=0 D=0
Roots are equala, = B = — b/2a Roots are unequal

l 1

a,b,ceR&D>0 a,b,ce R&D <0
Roots are real Roots are imaginary a.=p+iq, B=p-iq

|
! !

a,b,ce Q& a,b,ce Q&
D is a perfect square D is not a perfect square
= Roots are rational = Roots are irrational

1 ie.a=p+q,B=p-+q
a=1,b,ceI1&Dis a perfect square
= Roots are integral.
Common Roots:
Consider two quadratic equations a, x>+ b, x+¢,=0&a, x>+ b, x+¢,=0.

(i) If two quadratic equations have both roots common, then I ﬂ =4

ay by ¢

. . Ci1ay —Cra bich —bscC
(ii) If only one root o is common, then o = —1-2 21 = “1>2° 271

atby —axby  Clag -y

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

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

@ If—% ¢ [x, xJthen, f()e |[min{f(x;), f(x,)}, max {f(x;), f(x) ]

(b) If—% e [x,, ] then, f(x) e [min{f(m),f(Xz),—f—a} maX{f(m)yf(Xz),—%H



5. Location of Roots:

Let f(x) = ax*+ bx+c,wherea>0&a b ceR.

(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.

(i) 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 ‘x’ (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,) are b>—4ac>0;f(x,)) >0;f(x) >0 &x, < (-b/2a) < x,.

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

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.

S =2 [2a+(n-1)d]= ~[a+¢
=3 M2at(-nNd=Tla+e]

r'" term of an A.P. when sum of first r terms is givenist =8 -8 __,.

Properties of A.P.
(i) Ifa,b,careinAP. >2b=a+c&ifa,b,c,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, so if a, b, ¢ are in
AP.,bisAM.ofa&c.

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

— 2 (b — b—
nA.M.’sbe’[weena&b.A1=a+b—a,A2=a+M ........ An=a+n(—a)
n+1 n+1 n+1
Y A, = nAwhere A is the single A.M. between a & b.
r=1
Geometric Progression: a, ar, ar2, ar3, ar?,...... is a G.P. with a as the first term & r as common ratio.
a!rn —1’
0] nth term = a1 (i) Sum of the first ntermsi.e. S =<7 "1 r#1
na , r=1

(i)  Sum of an infinite G.P. when |r| < 1isgivenby S_ =1i (i <1).
T
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Geometric Means (Mean Proportional) (G.M.):
Ifa,b,c>0arein G.P., bisthe GM. between a & c, then b%2= ac

n—-Geometric Means Between positive number a, b: If a, b are two given numbers & a, G,, G,,..... LG,
b are in G.P.. Then G,, G,, G;,...., G, are n G.M.s between a & b.

G, = a(b/a)Vm1, G, = a(b/a)?m1,......, G, = a(b/a)Vn+1

Harmonic Mean (H.M.):

2ac
If a, b, carein H.P., b is the H.M. between a & ¢, thenb= ——

at+c’
o L O O N
HM.Hofa, a,, ... a, is given by H nla, a a,
Relation between means :
G2=AH, AM.2GM.2H.M. and AM.=GM. =H.M. if a =a =a,=....... =a

Important Results

0] 2 (@ tb)= Z Z . (i) Z ka =k 2 . (iii) 2 k = nk; where k is a constant.

- = r=1

(iV)rzi‘,1 r=1+2+3+..... +n=n(I;+1) (v) r2:‘,[11r2=12+22+32+ ........... +n2=w
i) i P=13+234+33+ ... +n3=M
r=1 4
Vi) 2 Yaa;=(a,ta,t ... +a )-(af+a’+ ... +a?
i<j=1
L BlN,OMIAL,;TH,EQREMﬁﬁﬁ',ﬁﬁﬁ',ﬁﬁﬁ',ﬁﬁf',jf,wf,ﬁ,ﬁﬁI',ﬁﬁI',ﬁﬁﬁ',ﬁﬁf',ﬁﬁf',j;j;jﬁ,ﬁﬁﬁ',ﬁﬁﬁ',ﬁﬁf',ﬁﬁf
1. Statement of Binomial theorem : Ifa, be Randn e N, then

n
(a + b)n = nCO anbo + nc:1 an—1 b1 + nC2 an—2 b2 +. .+ nc:r an—r br +. .+ nCn ao bn = 2 nCr an_l’br

r=0
2. Properties of Binomial Theorem :
() Generalterm : T ="C a" b’
(i) Middle term (s) :
n+2
@ If nis even, there is only one middle term, which is > th term.
) ] ) n+1 n+1
(b) If nis odd, there are two middle terms, which are > th and T” th terms.
M M n—' Ty 2 Tk
3. Multinomial Theorem: (x, +x,+x,+ .......... X )" = ST Xq - XZ Xy

L4+ H=h

Here total number of terms in the expansion = "*'C__



‘‘‘‘‘‘‘‘ PERMUTATION &COMB|NNAT|ON
1.

Application of Binomial Theorem :

If WA+B)" =1+ f where I and n are positive integers, n being odd and 0 < f < 1 then
(1+f)f=k where A-B2=k>0and VA -B <1.

If nis an even integer, then (I +f) (1 - f) = k"

Properties of Binomial Coefficients :

()  "C,+"C,+"C,+ ... +0C =20
(i)  "C,="C,+"C,—"C_ + ... +(-1)""C =0
(i)  "C,+"C,+"°C,+..="C +"C,+"C + .. =2~
nC +nC —n+1C L = n_r+1
(iV) r — r (V) nCrf’] - r

Binomial Theorem For Negative Integer Or Fractional Indices

n(n-1) 24 n(n-N{Mn-2) e NO-DO-2)OorrD)
2! 3! rl

nn-NHn-2)...... (n-r+1)

- r
T r' X

(1+x)"=1+nx+ e X | < 1.

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

"PEn(-1NM-2)..(n-r+1)= (n—r)!

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

| n
n! _"p

Selection : Number of combinations of n different things taken r at a time = "C, =m =
Fn-n)! r!

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 ﬁ"r' .

Selection of one or more objects

(@ Number of ways in which atleast one object be selected out of 'n' distinct objects is
"C,+"C,+"C +. +nC =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+rND@+)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+ 1)@+ 1) (r+1)2n-Frarn—1
Multinomial Theorem :
Coefficient of x" in expansion of (1 —x)™"="""C_(ne N)

LetN=p>qg°>re.... where p, q, I...... are distinct primes & a, b, c..... are natural numbers then :
(a) The total numbers of divisors of N including1 &Nis=(@+1)(b+1)(c+1)........



(b) The sum of these divisors is =
PP+ p'+ P2+ +p) (P g QP Q) (O TP )L

(c) Number of ways in which N can be resolved as a product of two factors is
_ %(a + Db +1)(Cc+1).... if N is not a perfect square
%[(a +NO+1Cc+1...+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 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
11 1 1 1

correct envelopeisn! (1—1—' P TR TR +(=1 m]

Classmal (A priori) Definition of Probablllty

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 _ n(A)
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() = —— =1-P(®)

Addition theorem of probability : P(AUB) = P(A) + P(B) — P(AnB)
De Morgan’s Laws : (a) (A u B)*=A°n B° (b) (AnB) =AU B
Distributive Laws :@Q) AU BN C)=(AuB)n (Au C) b)) AnBUC)=(AnB)UANC)

@ P(AorBorC)=PA)+PB)+PC)-PANB)-PBNC)-P(CnA)+PANBNC)
(ii) P (at least two of A, B, C occur) = P(B n C) + P(C n A) + P(A n B) — 2P(A n B n C)
(i) P(exactly two of A, B, C occur) = P(B N C) + P(C nA) + PANB)—=3P(AnB nC)
iv) P(exactly one of A, B, C occur) =

P(A) + P(B) + P(C) - 2P(B n C) - 2P(C n A) — 2P(A "N B) + 3P(An B " C)

P(A B
Conditional Probability : P(A/B) = %.
(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 > pM.

Total Probability Theorem : P() = EP(Bi)-P(A/Bi)
i=1



Bayes’ Theorem :
If an event A can occur with one of the n mutually exclusive and exhaustive events B1, BZ, ..... , B _and

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

ZP(Bi).P(A/Bi)
1= T = S B, i=1
(An

B,,
A= B)UMRANB)UMANB) U ... UANB)

P(A) =P(AnB)+PANB)+ ... +PANB) = Z}P(A nB)

Binomial Probability Distribution :

(i) Mean of any probability distribution of a random variable is given by : y = Ezp_,px, =2Xp X
i

(i) Variance of a random variable is given by, 6? = X (X, — g)? . p,= Z p, X* — ?

P e : COMPLEXNUMBER ................... e

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

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

iv) arg(z)=0 =3 Z is a positive real number

W) arg(z) =+n/2 & z is purely imaginary and z#0

Properties of conjugate

M lz=1z| @) zz=lzP (i) z,+z, =7+ 7

. o — . (B &

) 21—z, T 21— 7 Y 2z, =2 2 () z, |~ 7 (z,#0)
(i) |zy ¥ 22 = (20 + 2) (z4+2,) TZ4P+ 122+ 2025 + 242,

wii)  (Z,) =z (x) Ifw=f(z), then w =1(Z)

Y arg(z) + arg(z)

Rotation theorem

23 -2,
21— 2,

zZ,-2
If P(z,), Q(z,) and R(z;) are three complex numbers and Z/PQR = 6, then [zj _222 ] = ’



7. Demoivre’s Theorem :
Casel:Ifnis any integerthen

(i) (cos @ +isin)"=cosnb+isinnd
(i) (cos 8, + i sin 6,) (cos 6, + i sin B,) (cosB, + i sin B,) (cos 6, + i sin 6;) ..... (cos 6, +isin 9,
=CoS (6, +0,+0,+ ......... B)+isin(@;+06,+0,+ ... +0,)
o 2k + po .. [ 2km+po
CaselIl:If p,ge Zand g = 0 then (cos 6 + i sin B)P@ = cos T +isin T
wherek=0,1,2,3, ..., q-1
8. Cube Root Of Unity :
[0) The cube roots of unity are 1, ~L* 1‘/_ -1 i‘/—
(ii) If w is one of the imaginary cube roots of unity then 1+ o+ ®*=0.Ingeneral 1+ o'+ ®?=0; where
r € | but is not the multiple of 3.
9. Logarithm Of A Complex Quantity :
(i) Log (ot +iP)= ~ Log (o2 + P2 + |[2nn+ tan™ Bj where ne 1.
10. Geometrical Properties:
Distance formula: |z, —z,|.
; mz, +nz, . mz, —nz,
Section formula:z = (internal division), z = — (external division)
m amp(z) = 0 is a ray emanating from the origin inclined at an angle 6 to the x— axis.
@ |z-al=|z-blisthe perpendicular bisector of the line joining a to b.
3) The equation of a line joining z, & z, isgiven by, z=z, + 1t (z,- z,) where t is a real parameter.
4) The equation of circle having centre z, & radius p is :
|z—z0| =porzz —zyz — z,Z+ 2,2y — P? = 0 which is of the form
7Z+0z+ 0z + k=0, kisreal. Centre is — & & radius =400t — k _
Circle will be real ifocox — k =0..
(5 If|z,—2z4] +|z -2, = K> |z, — Z,| then locus of z is an ellipse whose focii are z, & z,
Z-Z .
6) If =N k #1, 0, then locus of z is circle.
) If | |z—z1 | - |z—22l | =K< |z1 —22| then locus of z is a hyperbola, whose focii are
z, &z,

1. Position Vector Of A Point:
let O be a fixed origin, then the position vector of a point P is the vector OP.If d and b are position

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



DISTANCE FORMULA : Distance between the two points A (@) and B (b) is AB = ‘5 5‘

SECTION FORMULA : 7 ="@M0  \id hoint of AB = a;b

Scalar Product Of Two Vectors: 3.0 =|5]| b|cos 6, where |3, | b | are magnitude of 3 and b

respectively and 6 is angle between a and b .

’9)1

ii=jj=kk=1; ij=jk=ki=0 & projection of donb= |5|

Ifa =aji+aj+ak &b = b,i+bj+ bk thend.b = a,b,+ab,+ab,

The angle ¢ between3 & b is given by €0S ¢ =

a.b=0<3alb @#0 b#0)

Vector Product Of Two Vectors:

Ifa &b are two vectors & 0 is the angle between them then axb = ]5\ ‘B‘ sin® 1, where i is the unit vector

perpendicularto both & b suchthatd , b & fi forms a right handed screw system.

Geometrically‘é_i X b‘ = area of the parallelogram whose two adjacent sides are represented bya & B .

I><I—J ]:RXR:O;Aix]:ln(,]xln(zi,ln(xizj
i ok
Ifd =a,i+a,j+a,k &b =b,i +b,j+b,k then axb=|a, a, a,
b, b, b,

axb=0 <« aandb are parallel (collinear) (3 #0 |, b= 0)i.e.a=Kb , where K is a scalar.

f o il a axb
Unit vector perpendicular to the plane of a&bisn=1 -———
‘axb|
Ifa, b & ¢ are the pv’s of 3 points A, B & C then the vector area of triangle ABC =

| < a= o=~ _

> [axb + bxc¢ + cxa] . The points A, B & C are collinearif axb+bxC+ctxa=0
) ) - . 1y =

Area of any quadrilateral whose diagonal vectors are d, & d, is given by 5 ‘d, Xdz‘

aaab

Lagrange's Identity : (@X0)°f ‘b’ ~a b)Z{“BB.B




Scalar Triple Product:
The scalar triple product of three vectorsg | b & ¢ isdefinedas: axb.c =|5|‘b’|5| sin® cos¢.

Volume of tetrahydron V=[abd]

In a scalar triple product the position of dot & cross can be interchanged i.e.
a. (bx¢)=(axb).¢ OR[abé]=[béa]=[c¢ab]
d.(bx¢)=-4.(xb) ie. [AbC] = —[ACD]

a; a a3
If a= a1i+a2j+a3k;5 = b,i+b,j+bk & C = ¢ i+c j+ck then[dabc] =|b, b, b,|.

G C G
Ingeneral, ifd = a,1 + a,im +a,0i;b = b,1 + b,y + byl & C=¢,I + ¢, + ¢y

a; a, 4

then[EBE] =|b, b, b, [Tr?lﬁ] :where 7 , M & 1 are non coplanar vectors.

G G G
If3.b.c arecoplanar< [ b ¢]=0.
- - - 1 -~
Volume of tetrahedron OABC with O as origin & A(a), B(b) and C(c) be the vertices = ‘ E[a bd]

The positon vector of the centroid of a tetrahedron if the pv’s of its vertices are a , b ,C& d are given by

[A+b+c+d].

Fp-

Vector Triple Product: 3 x (bx¢)=(@.0)b—(@.b)<¢, @xb)xc =@.Ob—(b.0)d
& (@xb)x¢ # ax(bxc),ingeneral

Reciprocal System Of Vectors:

—

Ifa, b, ¢ & 5'75' ,¢' 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’ =

Vector representation of a point : Position vector of point P (x, y, z) is xi +y]j + zk .

Distance formula : V04 -%)? +(¥1-¥2)* +(Z-2,)* | AB=|0B - OA |

Distance of P from coordinate axes : PA=y2+22  PB=y22 +x? , PC = yx? +y?



mX, + NX, my, +ny; _ _ mzy+nz,

Section Formula: x= Ly = . Z
m+n m+n m+n
. . X1+ X2 YitYy2 21+ 7,
Mid point: x = , Y= yZ=
P 2 2 2

Direction Cosines And Direction Ratios

(i) Direction cosines: Let ¢, B, ¥ be the angles which a directed line
makes with the positive directions of the axes of x, y and z respectively,
then cos 0., cosf, cos 7y are called the direction cosines of the line. The
direction cosines are usually denoted by (¢, m, n). Thus 7 = cos &, m =
cos B, n = cos .

(i) If ¢, m, n be the direction cosines of a line, then ¢2+ m2 + n%2=1

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

(iv) If ¢, m, n be the direction cosines and a, b, ¢ be the direction ratios of a vector, then
=+ 2 ,m=+ b n=x+ ¢
Ja? +b2 +c2 Ja? +b2 +¢c2 Va2 +b% +c2
(vi) If the coordinates P and Q are (x,, y,, z,) and (X,, ¥,, Z,) then the direction ratios of line PQ are, a
. . . . X2 TX

=x,—X,b=y,—y &c=z,—z and the direction cosines of line PQ are ¢ = PQ| m
_YamW and n = Zy 4

[PQ| [PQ]|

Angle Between Two Line Segments:

a4a, +byby + 40,

+b2+c2 /a2 +b2 + G2

cos 0 = >
\/31

b

The line will be perpendicularifa a, + bb, + ¢,c,= 0, parallel if R

a, b, ¢,
Projection of a line segment on aline
If P(x,, y,, z,) and Q(x,, y,, z,) then the projection of PQ on a line having direction cosines £, m, n is
|,€(x2 -X)+m(y, -y, +n(z, — Zl)’
Equation Of A Plane : General form: ax + by + ¢z + d = 0, where a, b, ¢ are not all zero,
a,b,c,de R.
(i) Normal form : ix+my+ nz=p

(ii) Plane through the point (x,,y,,z):a(X—x)+b(y—-y)+c(z—-2z)=0

X y Z
(iii) Intercept Form: —+=—+—=1

a b ¢



10.

1.

(iv)  Vectorform: (¥ —a).n =0ort.n=a.n
(v) Any plane parallel to the given plane ax + by + cz+d=0isax+by+cz+ A =0.
|di—dy |

vaZ +b? +¢?

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

Distance between ax+ by +cz+d =0andax+by+cz+d,=0is=

T=a+Ab+ LLC (parametric form) where A & |l are scalars.

or f.(Bxa) =5.(B><E) (non parametric form)

A Plane & A Point

- . . r o7 _r . . aX'+by'+CZ'+d
(i) Distance of the point (X', y’, z') from the plane ax + by + cz+ d = 0 is given by ———————.
2,12, .2
a“+b " +c¢
.. . . . _la.n—-dl
(ii) Length of the perpendicular from a point (a) to plane r.n =disgivenbyp= H
n

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

X'—X4 _ y'-y4 _ z-zy _  (axq+by,+cz;+d)

b c a? +b? +¢?

ax+by+cz+d=0isgiven by

(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’, Z') is the
. . XX1 _ YY1 _2-2 _ (ax; + by, +cz, +d)
image point. then a b c - 2 a2 1 D% 102

Angle Between Two Planes:

aa'+bb'+cc'

Ja? b2 1 c? Va? 1b24c?

cos O =

a c
Planes are perpendicular if aa” + bb” + c¢” = 0 and planes are parallel if — = b
a c
.o . o ii, .0,
The angle 0 between the planes T.n, =d, and T .1, = d, is given by, cos 6 = TANER]
i, . I1d
111y

Planes are perpendicular ifn, .11, =0 & planes are parallel if n, = A1,, Ais ascalar

Angle Bisectors
(i) The equations of the planes bisecting the angle between two given planes

ax+by+cz+d =0andax+by+c,z+d,=0are

ax+by+ciz+d, _ | a,x+b,y+c,z+d,

JaZ +b7 +¢? Jal+bl+cl
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13.

14.

(ii) 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

Family of Planes
(i) Any plane through the intersectionof ax+by+cz+d =0&ax+by+cz+d,=0is
axtby+cz+d +A(ax+by+cz+d)=0

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

.1, =d, isT.(n,+ A0,) =d, + Ad, where A is arbitrary scalar

= 1
Area of triangle : From two vectorA_])s and AC . Then area is given by 5 | ;B xA_>C |

Volume Of A Tetrahedron: Volume of a tetrahedron with vertices A (x,, y,, z)), B(x,. ¥,. Z,), C (x,, V.,

Xy oz 1
X0 Yo 7y 1
zjand D (x, v, z)isgivenbyV=—rIx, y. 7, |
Xy Y4 o2y 1
A LINE

Equation Of ALine
(i) A straight line is intersection of two planes.
it is reprsented by two planesax+by+cz+d =0andax+by++c,z+d,=0.

X=X _¥Y=™%1 _27%
b c

(ii) Symmetric form :

(iii)  Vectorequation: 7 =4 + Ab

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

- = = f=(X1'i‘+y1j+z112)+7\,(ai+bj+0f{).

Z
(i) If © is the angle between line / L= = ! and the plane ax + by + cz + d = 0, then sin

- al+bm+cn
\/(az +b2+62) /12 +m? +n?

N . . . , b.i
(ii) Vector form: If © is the angle between aline7 =(5 + Ap)and; .53 =dthensin 0= Ik
n

=—, bxii=0
c

m 1
(iii) Condition for perpendicularity ?

=1
1]
o

(iv) Condition for parallel al+bm+cn=0 b.



3. Condition For A Line To Lie In A Plane

X=X Y=V 7-7 o
= = would lie in a plane
¥4 m n

(i) Cartesian form: Line

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

(i) Vector form: LineT =a + A b would lie inthe planeT.i =dif .7 =0&a.n =d
4. Skew Lines:
(i) The straight lines which are not parallel and non—coplanar i.e. non—intersecting are called
oo BB vy
skew lines. If A=| ¢ m 0 | #0,then lines are skew.
I3 m n'

(iiy  Vector Form: Forlines ¥ = &, +Ab, and T = &, + Ab, to be skew (b, X b,). (d, — d,)# 0

L - (3, -a,)xb
(iv)  Shortest distance between lines; =a, + Ab & T =4, +ubis d= T

5. Sphere

General equation of a sphere is x2 + y2 + z2 + 2ux + 2vy + 2wz + d = 0. (—u, — v, —w) is the centre

and /2 4 v2 + w2 —q isthe radius of the sphere.

. SOLUTIQNOFTRIANGLE . @
1. Sine Rule: a _ b _c
sinA sinB  sinC
2. Cosine Formula: () cosA=2"S "% (i) cosB= T2 =% iy gosc= A0 —¢
2bc 2ca 2ab

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

4. Napier’s Analogy - tangent rule:

—B_C-b_ocotA i tanC_A-ic_acotE tanA_B a-b
2 b+oc 2 2 “c+a oty ()

5. Trigonometric Functions of Half Angles:

. A (s—b) (s—¢) B _ (s—0) (s—a) C _ (s—a) (s—b)
(i) sm2 = —bc ,sm2 = —ca ; sm2 = —ab
. A _[sGs-a) B _ [s(-b) C _ 369

(ii) cosz = be ,cosz = ca : cosz = ab

(i) tan

¢ A _ (=D -0 A h _a+b+c . i verimetre of triandl
(iii) an 5 = s6-a) - sG-a) where s——2 is semi perimetre of triangle.
2 2A
(iv) SsinA=— \/s(s—a)(s—b)(s—c) = —
bc bc



1 1 1
6. Area of Triangle (A) : A= —absinC= —bcsinA= —casinB=[s(s—a) (s—b) (s—¢)

2 2 2
7. m-n Rule: A
If BD: DC = m: n, then P
o
(m+n)cotd = mcoto — n cotfP
= mncotB—m cotC
8. Radius of Circumcirice : B N C
m D n
__a b ¢ _ah
26inA  2sinB  2sinC 4A
9. Radius of The Incircle :
e A - A B c
(i)r= S (ii) r= (s—a) tan 7 = (s—b) tan 7 = (s—c¢) tan 2
("')r-asm%sm% & so on (iv)r=4R s'né s'nE s'ng
m COS% v | > | 2 | 5
10. Radius of The Ex-Circles :
A B C
(i) r, =sfa ; r2=sfb?r3= sfc (i) r, =stan3? r2=stan5v r3=stan5
... _acos? cos$ . _ A B C
(i) r, = cosa & so on (iv)r,=4 R sin 5 cos 5 cos 2
11. Length of Angle Bisectors, Medians & Altitudes :
2bc cos%
i) Length of an angle bisector from the angle A=, =——— ;
() Leng gle bi g B.="Hrc A
(ii) Length of median from the angle A= m, =% \2b% +2c% —a?

2A
& (iii) Length of altitude from the angle A = A_=—
a

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

A
(i) Circumcentre (O) : OA=R & O_,=RcosA (ii) Incentre () : IA= rcosecz &l,=r

A
(iii) Excentre (1) : L A=r, cosecz (iv) Orthocentre : HA=2R cos A& H_=2R cos Bcos C

1 2A
(v} Centroid (G) : GA = ?/2b2+2c2 -’ & G,="—

3a
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 ® — 2A, n— 2B and n — 2C.
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(i) Its sides are a cosA = R sin 2A,
b cosB = R sin 2B and
¢ 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 I, I, and T, of AABC is called
the excentral or excentric triangle.
0] A ABC is the pedal triangle of the AT I 1.

T A ;
ii Its anglesare —— — ,—— — & ———.
(ii) g )

N

A
iii) Its sides are 4R oosz ,4R cosE & 4R cosE.

) A . B _C
(iv) II1=4RsmE;112=4R5|n5;113=4RsmE.

() Incentre I of AABC is the orthocentre of the excentral AT L 1.

15. Distance Between Special Points :

(i) Distance between circumcentre and orthocentre OH? = R? (1 - 8 cosA cos B cos C)

L . . A B _C

(i) Distance between circumcentre and incentre OI’=R?(1-8sin > sin > sin E) = R?-2Rr
1

(iii) Distance between circumcentre and centroid OG?=R?- 9 (@ +b?+c?

1. Principal Values & Domains of Inverse Trigonometric/Circular Functions:
Function Domain Range
() y=sin'x  where —1=x<1 —gﬁysg
(i) y = cos™' x where -1<x<1 0<y<n
(i) y=tan'x  where xe R —g <y< g
@iv) y = cosec'x where x<—1orx>1 —ggygg,yio
W) y = sec' x where x<-1orx=>1 Ogygn;yig
(vi) y = cot' x where xe R O<y<m
P-2 () sin' (sin x) = X, _g <x< g (ii) cos'(cosx)=x; 0<X<m
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(iii)
v)
0]
(iii)
0]

(iii)

tan™' (tan x) = x; —g <X <g iv) cot'(cotx) =x; O<x<m

b
sec'(secx) =x; 0<x<m, X ;tE (vi) cosec'(cosec x) = x; x =0, _g <x< g
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 .. T
Sln‘1X+COS‘1X=§,f1SXS1 (i) tan'1x+cot-1x=5, xe R

T
c0sec!x + sec X =, Ix| >1

Identities of Addition and Substraction:

0

(ii)

(iii)

(i)

(ii)

(iii)

)

(ii)

(iii)

sin*1x+sin*1y=sin*{X\/l—y2 +Y\/1—X2]X20,y20&(X2+yz)S1

=7t—sin’1[Xx/1—y2 +y\/1—X2]x20,y20&x2+y2>1

cos'x + cos 'y = cos*{xy—\/l—x2 Vl—yz}, x>0,y>0

+
tan*1x+tan*1y=tan*1lX x>0,y>08&xy<1

_Xy,

+ i
=11:+tan*11X };,x>0,y>0&xy>1 =E,x>0,y>0&xy=1

sin*1x—sin*1y=sin*1[X\/1*Y2 fy\/1fx2]xzo, y>0

cos**x—c;os*1y=(;05’{"\/4'\/"—)(2 \/1—y2] x20,y20,x<y

X-y

1y _ 1y = - —
tan~'x — tan-'y = tan 1ery,xzo,yzo

2sin”" x if |x|<

sin(zth_;&] = | m-2sin""x if x>%§

~r+2sinx) if x<-

Rl

o=

2cos™'x  if 0=x<1
|2n—2cos™'x if ~1<x<0

cost(2x2-1)

[ 2tan”'x  if |x|<1
tan™' 2x2 = | n+2tan'™x  if x<-1

- (n—213n‘1x) if x>1




) 2tan""x if | x|<1
W) sin . = | n-2tan”'x  if x>1
+
X —(n+2tan‘1x) if x<—1
1-x2 [ 2tan'x  ifx>0
W) cos™! = T
1+ |—2tan"'x ifx<0
[ x+y+z-xyz )
Iftan*1x+tan*1y+tan*1z=tan—1im if, x>0,y>0,z>0& (xy+yz+zx)<1

NOTE:
@ Iftan 'x+tan'y+tan'z=mnthen x+y + z = xyz
(i) Iftan'x + tan”'y + tan-'z =§ then xy + yz + zx =1

1 1
(ii) tan'"1+tan'2+tan'3=nx (iv) tan11+tan1§ +tan1§=%





