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MATHEMATICS BASIC FORMULAE

|l. Co-ORDINATE GEOMETRY "

To change from cartesian coordinates to polar coordinates for x write
rcos 0 and for y write r sin 0.

To change from polar coordinates to cartesian coordinates, for r write

X2+ y for r cos 0 write x for rsin 0. write y and for tan 0 write %

Distance between two points (x,, y,) and (x,, y,) is :
\/(xz - xl)m "'(yz = yj.)g
Distance of points (x,, y,) from the origin is : ,fxf +y?

Distance between (r,, 0,) and (r,, 8,)is: 5> + r2-2r 1, cos 6, -6,

Coordinates of the point which divides the line joining (x,, y,) and (x,, y,)
internally in the ratio m, : m, are :
{mlxz + myx|my, +myy, } (m, = m, = 0)
m, +m, m +m,

Coordinates of the point which divides the line joining (x,, y,) and
(x,, y,) externally in the ratio m, : m, are :

{mlre - my x|m y, - m:ya},[ml—mzw)
m, - m, m, - m,

Coordinates of the mid-point (point which bisects) of the seg. joining

(x, y,) and (x,, y,) are : [x“ ; x,'y, ; yﬁ]

(a) Centriod is the point of intersection of the medians of triangle.

(b) Imn-centre is the point of intersection of the bisectors of the angles of
the triangle.

(c) Circumcentre is the point of intersection of the right (perpendicular)
bisectors of the sides of a triangle.

(d) Orthocentre is the point of intersection of the altitudes
(perpendicular drawn from the vertex on the opposites) of a triangle.
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Coordinates of the centriod of the triangle whose vertices are (x, y,)

X+ X + 5|y + Yty
(xzsyg); and (xa’ ya) are:{ 3 I 3 }

Coordinates of the in-centre of the triangle whose vertices are A (x,,y,);
B (x,, u,); C (x,, y) and [(BC) = a, [(CA) = b, [ (AB) = c.

are | @G + bx, + exs|lay, + by, + cy,
a+b+c | a+b+c

Slope of line joining two points (x,, y,) and (x,, y,) is
m=%"Y
X%
Slope of a line is the tangent ratio of the angle which the line makes with
the positive direction of the X-axis i.e. m = tan 0.

Slope of the perpendicular to X-axis (parallel to Y-axis) does not exist,
and the slope of line parallel to X-axis is zero.

Intercepts: If a line cuts the X-axis at A and y-axis at B then OA is
called intercept on X-axis and denoted by “a” and OB is called intercept
on Y- axis and denoted by “b”.

x =ais equation of line parallel to Y-axis and passing through (a, b) and
y = bis equation of the line parallel to X-axis and passing through (a, b).

x =0 is the equation of Y - axis and y = 0 is the equation of X - axis.

y = mxis the equation of the line through the origin and whose slope is
m

y=mx + cis the equation of line in slope intercept form.
J—; ke % = 1 is the equation of line in the Double intercepts form,
where “a” is x - intercept and “b” is y- intercept.

xcos o+ y sin a = p is the equation of line in normal form, where “p” is
the length of perpendicular from the origin on the line and a is the angle
which the perpendicular (normal) makes with the positive direction of
X-axis.

Y-y, = m(x- x) is the slope point from of line which passes through
(x,, y,) and whose slope is m.

Two point form: y -y, = %"Y (x - x) is the equation of line which
X
passes through the points (x,, y,) and (x,, y,).
(2)
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Parametric form : =1 =YY% _ ,i5 the equation of line which
cos8 sin6

passes through the point (x,, y,) makes angle 6 with the axis and ris the
distance of any point (x, y) from (x,, y,).

Every first degree equation in x and y always represents a straight line
ax + by + ¢ = 0 is the general equation of line whose,
a [ooeﬂicient of x }

(a) Slope =- b | confficient of y
(b) X - intercept =- §

(c) Y - intercept = — %

Length of the perpendicular from (x,, y,) on the line ax+ by +c=is :
[ax, + by, +c]
Ja* + b
To find the coordinates of point of intersection of two curves or two line,
solve their equation simultaneously.
The equation of any line through the point of intersection of two given
lines is
(L.H.S of one line) + K (L.H.S. of 2nd line) = 0
(Right Hand side of both lines being zero)

|“ TRIGONOMETRY l

tan 0

(7) sin(-0)=sin0;cos(-0)=cos0;tan(-0)=-tan 0.

(8)

sin (90 - 0) = cos 6

sin (90 + ©)= cot @

sin (180 - ) = sin 0

cot (90 — 0) = sin 0

cos (90 + ) = — sin 0

cos (180 -0)=—-cos 0

tan (90 - 6) = cot 6

tan (90 + 0 ) =-cot 6

tan (180 -0) = - tan 0

cot (90 - 0) = tan 0

cot(90+0)=-tan O

cot (180-0)= cot 0

sec (90 — 0) = cosec ©

set (90 + 6) = - cosec O

sec (180-0)=-sec O

cosec (90 - 0) = sec ©

cosec (90 + 6) = sec 6

cosec (180 - 0 ) = cosec 0

{9) sin (A + B) = sin A cosB + cosA sin B

sin @ g =Sos 0
cos 0 “°° sin 0’

1 1
cosec O = m,mt9=m

(2) tan® =

(5) Sign conventions:

Only sine
and cosec
are positive

=

;secO =

4

(1) sin’B+cos?B =1; sin?B=1-cos?6, cos’® =1 -sin?6,

cos 0

(8) 1+ tan*0 =sec’6;tan’0 =sec?6-1;sec’ 0 —tan®* 0 = 1.
(4) 1+cot?0= cosec? 0, cot?0 =cosec® §-1; cosec? 8-cot? @ = 1.

h 2
+Y - axis

All trigonometric
ratios are
positive
> X - axis

and cot
are positive

o}
Only tan

Only cos
and sec
are positive

sin (A — B) = cosA sinB - sinA cosB
cos (A+B)=cos Acos B-sin Asin B

cos (A — B) = cosA cosB + sinA sinB
tan A + tan B
l-tan Atan B
tanA-tan B
l+tan Atan B

tan (A + B) =

tan (A- B) =

E-A]=1 —tanA , tan[f-+A]= 1+tanA

1+ tanA ’ 4 1-tanA
C+D C-D
sin C +sin D = 2 sin 2 cos 2

sin C — sinD = 2 cos (C;D)sin[c_DJ

2
(4)
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+D e C-DJ
2

cosC+cosD=2cos[

cosC - cosD = 2 sin (C;_D)sin(¥]

2sin Acos B=sin (A+ B) + sin (A- B)
2 cos Asin B =sin (A+ B)-sin (A- B)
2cosAcos B=cos (A+B)+cos (A+B)
2 sin A sin B =cos (A—- B) - cos (A + B)

cos (A + B) cos (A— B) =cos? A-sin’ B
sin (A + B) sin (A - B) = sin®? A - sin* B

2 tan O
1+ tan? 9

cos 20 = cos?0 —sin®0 =2 cos?0-1=1-2sin%0 =

8in 26 =2 s8in 0O cos B =
1 - tan®*0
1+ tan?0
1+cos20 =2cos?0;1—-cos20=2sin?0.
2 tan 0
1—ta.1129;
8in30=3s8in0 —4sin®0; cos 306=4 cos®0- 3 cos 6;

3 tan 0 - tan®0

1-3tan? 0
e b 2., B
sinA sinB sinC
R L
a=bcosC+ccosB;b=ccosA+acosC;c=acosB+bcosA

tan 20 =

tan 30 =

cos A =

Area of triangle = %bcsinA=%casinB= % ab sin C

1isinA-(cos% + sin%)"‘

sec A £ tan A = tan [Eté]
4 2

cosecA—cotA=tan%

cosec A + cot A= cot %

(1)

(2)

PAIR OF LINES H

A homogeneous equation is that equation in which sum of the powers of
x and y is the the same in each term.

If m, and m, be the slopes of the lines represented by
ax’ + 2hxy + by*= 0, then

coefficienof xy
coefficient of y*

m1+%+- ?=—[

and m,+m,= 7=

a ( coefficien of x* }
b

coefficient of y*

If 0 be the acute angle between the lines represented by
@@ + 2hxy + by? = 0, then,

2Jh* —ab

an o= a+b

These lines will be co-incident (parallel) if h* = ab and perpendicular if
a+b=0,

The condition that the general equation of the second degree viz

ax® + 2hxy + by* + 2gx + 2fy + ¢ = 0 may represent a pair of straight line
is abe + 2fgh— aff — bg? — ch* =0

a hg
ie. |h b f|=0-

g fe
ax* + 2hxy + by? = 0 and ax® + 2hxy + by? + 2gx + 2fy + ¢ = 0 are pairs
of parallel lines.

The point of intersection of lines ax® + 2hxy + by® + 2gx + 2fy + ¢=0is
obtained by solving the equation ax+ hy + g=0 and hx+ by + f=0

Joint equation of two lines can be obtained by multiplying the two
equations of lines and equating to zero (uv = 0, where u =0, v=0).

If the origin is changed to (h,k) and the axis remain parallel to the
original axis then for xand y put x’ + h and y ' + k respectively.
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|n CIRCLE |

X2+ 12 = a? is the equation of circle whose center is (0,0) and radius is a.

(x— h)? + (y - K)? = a® is the equation of a circle whose centre is (h, k) and
radius is a.

X+ y* +2gx + 2fy + c= 0 is a general equation of circle, its centre is
(- g, - fj and radius is Jg*+f*—¢

Diameter form: (x- x)) (x-x) + (y- y,) (¥ - y,) = O is the equation of a
circle whose, (x,, y,) and Xy yz) are ends of diameter.

Conditions for an equation to represent a circle are:

(a) Equation of the circle is of the second degree in x and y.

(b) The coefficient of x* and y* must be equal.

(¢) There is no xy term in the equation (coefficient of xy must be zero).
To find the equation of the tangent at (x;, y,) on any curve rule is :

In the given equation of the curve for x* put xx;; for ¥ put yy,; for 2x put
x +x, and for 2y puty +y,

For the equation of tangent from a point outside the circle or given slope
or parallel to a given line or perpendicular to a given line use y = mx+ ¢
ory-y, =m(x-x).

For the circle 2 + 1f = &®

(a) Equation of tangle at (x,, y,) is xx;, + yy, = &
(b) Equation of tangent at (acos 6, asin0)isxcos § +ysinB=a.

(¢) Tangent in terms of slope mis
y =mxta m?+1
For the circle ¥* + y* + 2gx + 2fy + ¢=0
(@) Equation of tangent at = ( x,, y,) is
o +tyy, tglx+x) +flyty)+ec=0

(b) Length of tangent from (x,, y,) is
J +47 +20x +2fy, +c

For the point P (x, y), xis abscissa of P and y is ordinate of P.

(7)

|ﬂ PARABOLA |

(1) Distance of any point P on the parabola from the focus S is always equal
to perpendicular distance of P from the directrix i.e. SP = PM.

(2) Parametric equation of parabola y* = 4axis x = at?, y = 2at
Coordinates of any point (t) is (af®, 2af)

(3) Different types of standard parabola :

Axis of parabola

Parabola | Focus | Directrix (axis of symmetry)

y’= 4ax (a, 0) x=-a
y¥=-4ax| (-a 0) x= a
xX*= 4by (0, b) =-b
x¥*=-4by | (0,-b) y= b

For the parabola y* = 4ax

(a) Equation of tangent at ( x,, y,) is yy, = 2a (x + x,).

(b) Parametric equation of tangent at (af, , 2af) is yt, = x + at]
Tangent in terms of slope m is y=mx + 2 and its point of contact
is (a/m2, 2a/m) mn
If P (t,) and Q (t,) are the ends of a focal chord then t t =-1
Focal distance of a point P (x,, y,) is x, + a.

|n_ ELLIPSE

|

(1) Distance of any point on an ellipse from the focus = e (perpendicular
distance of the point from the corresponding diectrix) i.e. SP = e PM

(2) Different types of ellipse :

Equation |Ends of

Elli F Directrix
i bl i ofaxis |L.R

Major axis
y=0
Minor axis,
x=0
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Major axis
x=0
Minor axis
y=0

Parametric equation of ellipse .fg; + % =1(a>hbis

x=acosBand y=>bsinb.
Fortheellipse-g +§=l,a>b,bﬁ=aﬂ(l—eﬂj
and§+§=1,a<b,a==bﬂ(1—e2)

For the ellipse g + % =1 (a>h)

(a) Equation of tangent at (x,, y,) is

xx, |, yy, _
T T

Equation of tangent in terms of its slope m is
y =mx* Ja’m® +b*

(c) Tangent at (a cos 8, b sin 0) is

xcose+ysm9=

a b 2

Focal distance of a point P (x,, y,) is SP = la —ex;|

and SP = |ex; +d

| HYPERBOLA |

(1) Distance of a point on the hyperbola from the focus = e (perpendicular
distance of the point from the corresponding directrix) i.e. SP = ePM

(2) Different types of Hyperbola;

Hyperbola | Focus | Directrix 5 End of L.LR | Eqn of axis

” Transverse

2 axis y =0,
21 |(tae0)| J+u

b? Conjugate

axis, x=0

Transverse
axis x=0

Conjugate

axisy=0

For the hyperbola % -

y: =
b &l
Parametric equations of hyperbola — -

x=asecH, y=btan 0

¥ _
F—l

For the hyperbola .2 -

a?
: vy, _
(a) Equation of tangent at (x, y,) are % - ? =1

(b) Equation of tangent in terms of its slope m is

(¢) Equation of tangent at (a sec 0, btan 0 ) is

xsecO® ytan0
a - b

Focal distance of P (x,, y,) is SP = |ex, —a| and S'P=ex; + d

1
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(1)

(2)

(3)

4)

(5)

(6)

(7)
(8)
9)
(10)

(11)

(12)

SOLID GEOMERY

[ 8|

Distance between (x,, y,, 2,) and (x,, y,, 2, is
Yoo — % + (g - u) + (2, -2

Distance of (x,, y, 2,) from origin {xlz +yf + 212

Coordinates of point which divides the line joining (x,, y,, 2,) and
(%, Y,; 2,) internally in the ratio m:n are

[mxamxl my, + ny, mzz+nzl],m+n P

m+n ~ m+n = m+n

Coordinates of point which divides the joint of (x,, y,, 2,) and (x,, y,, 2,)
externally in the ratio m:n are

[mxg —nG my, -ny, ,%—M.],m_n 2505

m-n m-n m-n
Coordinates of mid point of join of (x,, y,, 2,) and (x,, ¥,, 2,) are
X +X, Y+Y, 2, +3,|
2 ' 2 7 2
Coordinates of centriod of triangle whose vertices are (x,, y,, z,,)
(% Y, 7)) and (x,, y,, 2;) are
X +tXt X, Ytlptls 2,12, 12
3 ’ 3 ’ 3

Direction cosines of X - axis are 1, 0, 0

Direction cosines of Y - axis are 0, 1, O
Direction cosines of Z - axis are 0, 0, 1

If OP = r and direction cosines of OP are [, m, n then the coordinates of
P are (I r, mr, nn

If I, m, n are direction cosines of a line then [2+ m?+ n’=1

If I, m, n are direction cosines and, a, b, c are direction ratios of a line

a b c

, m= ) M= —
+ia® + b + ¢ +va® +b® + tva® +b* +c?

then I =

(11)

(13) If I, m, n, are direction cosines of a line then a unit vector along the line

iS7 i+ mj+nk

(14) If a, b, ¢ are direction ratio of line then a vector along the line is

ai + b}+ ck

[ o]

(1) @-b =abcos® =aa,+bb,+cc,

VECTORS |

(2) Projection of aon5=cib+|andprojecﬁonof50na= %
a
i j k
(3) .‘.Zt.>-Cb=¢:t,bs]'nt3,.,=.¢_;|'_1 b ¢
a, b, ¢
ax b =-(bxa)
A b ¢
(4) @bxc=[abc|=|a, b, c,
a; b; ¢
(5) Vector area of A ABC is
%(Exﬁ}=%{ax5+5x5+axa)
andarea ofAABc=%|A_BxE|
@ b ol
- ¢, =|AB AC AD
(6) Volume of parallelepiped : [E b E] -|® B G |
a; by ¢,

1
(7) Volume of Terahedra ABCD is = 7 | AB AC AD |
(8) Work done by force F in moving a particle from A to B = ABF

(9) Moment of force F acting at A about a point Bis M = BA x F

(12)
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(1)

|m PROBABILTY

- nAa

Probability of an event A is P (A) = n ()

0<P(A)< 1.

P (AUB) =P (A) + P (B) - P (AnB).
If A and B are mutually exclusive then
P(A~B =0and P (AUB) =P (A) +P (B).

P(A)= 1-P(A)

P(AnB) = P(A) . P(B/A) = P(B) . P(A/B)

2 e o= R e
e [smx]—cosx,dx [smu]—cosuxdx

d d
d—x[cosx]=—sinx; e [cos u] = — sin u x

—— tan x = sec? x; = ta.nu=sec“u><£
> dx dx

d
cot x = — cosec? x; = cot u = — cosec? u

sec x = sec xtan x; d

dx

cosec X = — cosec x cot x

a Bl gla &al

cosec u=—cosecu x cot u X""'_‘i

£

11.

DIFFERENTIAL CALCULAS

£ '(x)lim

h—0

Sfx+h)-f(x)
h

;where f (x)is derivative of function

&

du

dx

du
g

dx

secUu =s8sec uU x tan u x

du
dx

d
'.=;.l.n23'c=2.'E'.i.nxx—t (sin x) = 2 sin xcos x=sin 2 x

f (x)wthrespectvetox f '(a)=§%_f. (@ +h1')1_f(a)

d d
s (a) = 0, where a is constant; pere (=1,

d d 1l -1 d 1 -1 du
ol aedr ~ie e R L7 v R

- 1 .i 1] = ul @
[eF] = & oga,dx[a]—a og ax -

d du
[e] = e d—x[e"‘]=e’~'xa

d .
sin® x = n sin®™! x x pr 2 sin x = n sin®! x cos x.

N 1 d . 4 1 du
sim™ x= x—(sin™" u) = s 2
:;l—xz dx 1-u? dx

— - 1_ oi [cos_‘l u): —1 x%
1—x? dx Vv1-u? dx

[

B Ble Bl

-1 d :
Tt dx an u)=
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dv

(). s e 1o
dx

v v?

dy _dy du
dx  du X dx

flx+h)=fp)+hf' (x)
Error in y is 5y=%x5x,

5 )
Relative error in y is ;y and percentage error in y = ?y x 100

Velocitr v % acceleration q < o 4 &5 _ P
e mtyv—dt,acoeera ona=— = (dt)_df‘

llm INTEGRAL CALCULAS ||

fu+v+w+..)dx=ludc+[vdx+[wdx + ...

Ja f(x)=al f (x) dx, where ‘a’ is a constant.
xn +1 (ax+b] n+l
= 4

n - 1
_[x dx= +c,(n¢—1),_f(ax+b)"=; -y

n+

ffof fogae=LCT U o may)
n+l

1

dx =llog[ax+ bl+c;
ax+b a

Ildx=logx+c;f
x

f%dx=log|f(x)|+c;

The integral of a function in which the numerator is the differential
coefficient of the denominator is log (Denominator).

IJ;dx=§xm+c; | Jax+b dx=3£(a.x+b]3’2+c
a

x 1abx+c

+c; [a™*° dx = = +c
b loga

Ia"dx=1a

1 +
[e* dx e* +c; [e™? dx=— ™"’ +c.
a

(15)

[sinxdx= —cos x+c; Isi.n(ax+b}dx=ioos (ax+b)+c
a

[cos xdx= sin x+ ¢;| cos (ax+b)dx = % sin (ax+b)+c
[tan x dx=log sec x +c; [tan(ax+b) dx = llog sec(ax+b)+c
a

[cotxdx=logsinx+c; [cot(ax + b]dx=llogsin(ax+b) +e
a

I sec xdx = log|sec x +tanx|+c

X =
-logtan[5+zJ+c

I sec(ax+b) dx = élog|sec(ax+b]+tan(ax+bﬂ+c

1

ol logtan'ax+b +Z

2 4l
[cosec x dx=log | cosecx-cot x|
=logtan | = |+c
i (2)
[cosec (ax +b) dx = i log | cosec(ac + b)-cot (ax +b) |+c
ax+b

1
—alogtan| 5 +e

[sec? x dx=tanx + c;
[sec? (ax+b) dead tan (ax+b)+c
a

!cosec“xdx= —cotx+ ¢;fcosec? (ax+ b) dx=%cot (ax+b) + ¢

|sec x tan x dx = sec x + c; | sec (ax+b) tan (ax+b) dic= sec (ax+b) +c
a

|cosec x cot x dx=- cosec x +c;

[cosec (ax+b) cot (ax+b) dx=lcasec (ax+b)+c
a

[ de . . _ -1
=8ln X+C¢=—C08 X+C

(16)
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(20)

(21)

i dx
1+ x?
IL=lscc '1(£]+c;
xJx?-a* a a
dx

=sec 'x+c =—cosec ' x
x4x? -1

=tan!'x+c= —cotlx+c

INTEGRATION BY SUBSTITUTION

|

If the integrand
contain

Proper substitution to be
used

x=asin 0

|l E. NINE IMPORTANT RESULTS |

g af x
=sin™ =+e=-cos 7| = | +¢c
a a

dx
j a?+ x>

f%ﬂoglxh/f +a’]+c

X" +a

ij% =log [x+m:|+c

[Ja?-x2 dx=—g~\la2—x’ +9:42isin“[-z-]+c
I x2 +a? dng./xﬂ +a? +%210g|x+,fx3 +a’® |+c
j x? -a? dx=§\/x2—a“—%log[x+\/x2 —a2J+c

—F=—1I0 +c
a’-x*> 2a ga—x

j- dx 1 a+x
el (2
xta’ H a
1

I___“dx e s P
x*-a® 2a gx—a

x=atan 0

x=asecH

fix)=t

Any odd power of sin x

cos x=t

Any odd power of cos x

sinx=t

Odd powers of both sin x
and cos x

Put that function = t which
is of the higher power

Any even inverse function

Inverse function = t

Any power of sec x

tan x =1t

Any even power of cosec x

cotx=t

Function of e*

e=t

1 ) 5
a+bsinx a+bcosx’

1
a+ b cosx+esinx

2dt
1+¢2’
2t 1+¢2

;COS X =

£1* 1+¢2

tan§=tthendx=

sin x =

1 1
a+bsin2x’ a+bcos2x

dt

tanx=t, then dx= -
1+t

1
a’sin’ x+b?cos?x

Divide numerator and
demoninator by cos? x and
puttan x =t

1
x(px™+q)

xm =1t
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(1)

xor ax + b = t* where k
is the L.C.M. of the
denominators of the
fractional indices.

Expression containing
fractional power of x or
(ax + b)

|IE INTEGRATION BY PARTS I

Integral of the product of two function

= Fist function x Integral of 279 —
|[Differential coefficient of 1* x Integralof 2™ ]dx

i.e.![rxﬂ]dx=1xwdx-j [%Ixfﬂdx]dx

The choice of first and second function should be according to the order
of the letters of the word LIATE. Where L = Logarithmic; I = inverse;
A = Algebric; T = Trignometric; E = Exponential function

If the integrand is product of same type of function take that function as
second which is orally integrable.

If there is only one function whose integral is not known multiply it by
one and take one as the 2" function.

[ 16. ]

b
| fladx=[g(x)l; =g(b)-g(a), wheres f(x) dx=g(x)

DEFINITE INTEGRALS H

b b b

[fixydx= [ fydt=| fim)dm

b a

[ fx)dx=-f(x) dx

[fix)= j'f{x)dx+ff(x) dx, a<c<b.

a a b b

[ fxyax=[fla-x)dx; [ f(x)dx=[fla+b-x)ax
j'f{x}dx=2i'f{x}dx§ffisevenif{x)dx:Ozf Ffisodd.

2a a a
| flx)de=| f(x)dx+[ f (2a -x)dx

If f (2a-x)=f (x)then T f(x)dx=2i £ (x)dx




