IIT JEE Formulas

Maths Formulas

Part 1

Circle Formula

The formula for circle are as stated below

Description

Formula

Area of a Circle

. 2
e |nterms of radius: mr

. 2
e Interms of diameter: % x d

Surface Area of a Circle

2
nr

General Equation of a
Circle

The general equation of a circle with coordinates of a centre(h, k),

and radius 7 is given as: \/(x — h)2 + (y — k)2 =7

Standard Equation of a
Circle

The Standard equation of a circle with centre (a, b), and radius r is

given as: (x — a)2 + (y — b)2 =7’

Diameter of a Circle

2 X radius

Circumference of a Circle

2Tr

Intercepts made by Circle

x2+y2+2gx+2fy+c=0
i. Onx —axis: 2\/g2 —-cC
Ony —axis: 2\/f2 —-c

Parametric Equations of
a Circle

Xx=h+r1rcos0;y =k + rsin®

Tangent

e Slope form:y = mxta\'1 + m’

e Point form: xx, tyy = a’orT =0

e Parametric form: xcosa + ysina = a

Pair of Tangents from a
Point:

2




Length of a Tangent
\/Sl
Director Circle xz + yz = 2a2 for xz + yz = az
Chord of Contact T=0
. 2LR
i.  Length of chord of contact=
R 41
ii.  Area of the triangle formed by the pair of the
3
tangents and its chord of contact = R§LL2
+
iii.  Tangent of the angle between the pair of tangents
_ [ 2rL
from (xl, yl) = (_LZ—RZ)
iv.  Equation of the circle circumscribing the triangle
PT1’ T2 is:
(x-x)ac+p+(y-y)o+H=0
Condition of 2g1g2 + Zflf2 =c tc,
orthogonality of Two
Circles
Radical Axis S1 - S2 =0i.e. Z(g1 — gz)x + Z(f1 - fz)y + (c1 - cz) = 0.
Family of Circles 51 + KS2 =0 S+KL=0

Quadratic Equation Formula

The formula for quadratic equation are as stated below

Description Formula

General form of
Quadratic Equation

2
ax + bx + c¢ = 0;where a, b, c are constants and a+0.

Roots of equations — b+ b —4ac 8 —b-/p*—4ac
(x p— —’ — e —

2a 2a

Sum and Product of If o« and 3 are the roots of the quadratic equation
2
Roots ax + bx + ¢ = 0, then
b

Sum of roots, & + B =— —

Product of roots, aff = %

Discriminant of

2
The Discriminant of the quadratic equationax + bx + ¢ = 0'is
Quadratic equation

givenby D = b2 — 4ac.

b

Nature of Roots e IfD = 0, the roots are real and equala = § =— —.




e If D#0, The roots are real and unequal.
e IfD < 0, the roots are imaginary and unequal.

e |[f D > 0andDis a perfect square, the roots are rational

and unequal.
e [fD > 0andD is not a perfect square, the roots are
irrational and unequal.

Formation of Quadratic
Equation with given
roots

If o and 3 are the roots of the quadratic equation, then
(x — )(x — B)=0; x — (a + B)x + af = 0;

o x — (Sum of roots)x+ product of roots=0

Common Roots

2
e If two quadratic equations ax + blx + c, = 0&

2
a,x + bzx + c,= 0 have both roots common, then

a4 b, _ 4
2, b, )

e [f only one root a is common, then
€% 5% bic,=b,c,

oa = =
ab,—ab,

63,76

Range of Quadratic
Expression

2
f(x)=ax + bx + cin
restricted domain

X€E [xl, xz]

b
e If ———not belong to [xl, xz] then,

fel{f(x)) fex,)}, maxtf(x), ()]

b
e |If— ZE[Xl, Xz] then,

Fe|{F(x,) £(x,) - &} mantr(x,) £(x,). ~ &

]

Roots under special
cases

2
Consider the quadratic equationax + bx + ¢ = 0

e Ifc = 0,then one root is zero. Other root is— %.

e If b = OThe roots are equal but in opposite signs.

e Ifb = c = 0, then both roots are zero.

e Ifa = ¢, then the roots are reciprocal to each other.

e Ifa+ b+ c = 0,thenonerootis1and the second root is

Cc

7.
e Ifa =b = c = 0,then the equation will become an
identity and will satisfy every value of x.

Graph of Quadratic
equation

The graph of a quadratic equation ax2 + bx +c=0isa
parabola.
e Ifa > 0,then the graph of a quadratic equation will be
concave upwards.
e |[fa < 0,then the graph of a quadratic equation will be
concave downwards.




Maximum and Minimum
value

. . . 2
Consider the quadratic expressionax + bx + ¢ = 0
e Ifa < 0,then the expression has the greatest value at

b . . D
x =— —. The maximum valueis — —.
2a 4a
e Ifa > 0, then the expression has the least value at
. . D
x =— —. The minimum value is — —.
2a 4a

Quadratic Expression in
Two Variables

The general form of a quadratic equation in two variables x and y is

ax’ + 2hxy + by2 + 2gx + 2fy + c.
To solve the expression into two linear rational factors, the
conditionisA = 0
[a hg]
A=[h b f]=0
[gfcl

abc + 2fgh — af2 - bg2 — ¢h’ = 0Andh° — ab > 0. This s
called the Discriminant of the given expression.

Binomial Theorem Formula

Quick formula revision for jee mains and advanced.

Description

Formula

Binomial Theorem for
positive Integral Index

n —n n n n n n
(X + a) - COx"a0 + Clxn_la + (:an_zaz + .+ Crxn_rar + .+ Cn'xa
= _n n—r r
General terms = Tr+1 ="C./ 7,

Deductions of Binomial
Theorem

o (1+ x)n ="Cot "Cix + "Co? "G 4 . +"Cry 4 . "Cr Which is
the standard form of binomial expansion.
h
General Term= (r + 1)t term: Tr+1 ="C,

T= n(n—-1)(n-2)....(n-r+1) xT

X 7!

g aa- x)" =nC0—nC1x +nC2x2 —nC3x3 + .+ (= 1)rncrxr + .+ (= 1)"ncnxn

General Term= (r + l)th term: Tr+1 = (— 1)r.“Cr

Xr - n(n—l)(n—Zr)‘ ...... (n—r+1) .xT

Middle Term in the

expansion of (x + a)n

th
e |[fniseventhen middleterm = (%+ 1) term.
n+1 th d n+3 th
2 an 2
term.

e Binomial coefficients of middle term is the greatest Binomial
coefficients

e |[fnisoddthen middle terms are (




To determine a particular
term in the expansion

n

. [04 1 . m . . .

In the expansion of(x + —B) ,if x  occursin Tr+1' then r is given
X

by no —r(a + B)=m=>r = ng;én and the term
which is independent of x then
_ _ _ na
noe—r(a+p)=0 =>r = e
To find a term from the TT(E) = Tn—r+2(B)
end in the expansion of
(x + a)n
Binomial Coefficients In the expansion of
and their properties 14+20"=C +Cx+Cx + . +CxX + .. +Cx"
0 1 2 r n
— _ _ -1
WhereCO—l,Cl—n,Cz— o
. _ n
i. Co+C1+C2+ ...... +Cn—2
ii. CO—C1+C2—C3+ ...... =0
_ _ o1
iii. C0+Cz+ ...... —C1+(33+ ...... =2
2 2 2 2 _ 2n
iv Co+Cl+C2+ ...... +C —
C C C n+1
4 2 n 2 -1
V. CO + + 3 +...... + 1 1
c c C -n"c 1
. 1 2 3 n_o_
vi. CO_T-I_T_T-I_ ...... T =

Greatest term in the

expansion of (x + a)n:

e The term in the expansion of (x + a)n of greatest
coefficients

= {T 2 whennisevenT .y, T w3
2 ’ 2 2

when is is odd
® The greatest term

={T ,T when 81 _ pEZT
p’ p+ q

1 x+a +1,
(n+1)a (n+1)a
When ——=—nnot belongtoZandq <——_—<q + 1
Multinomial Expansion If nEN then the general terms of multinomial expansion
n . nl rl 12 L
(x1 tx, tx, o+ xk) is > T i XX, X,

— 1
r1+r2+...+rk—n




Binomial Theorem for 1+0"=1+nx+ n(n D2y "(”—13)'(“—2) o+
Negative Integer Or '
-1 (1n=2).....(n—r+1)
Fractional Indices + - )y . x[< 1
T — n(n—-1)(n-2)...... (n—r+1) xT"
r+1 r!
Part 2
Vectors Formula

The formula for vectors are as stated below

Description Formula

Position Vector
of a Point

If a and b are positive vectors of two points A and B, then
AB =b— a

e Distance Formula: Distance between the two points A( a ) and

B(b) is
AB =|a — b|.
e Section Formula: r = 2“2 Midpoint of AB = -
m+n 2

Scalar Product
of Two vectors

- -

a.b= | a ||b|cos 0 , where | a |, |b| are the magnitude of a and b
respectively and 0 is the angle between a and b

o i.i=jj=kk=1ij=jk=ki=0,projection of ;

onb=aT'b.
Lo B}
° Ifa=a11+a2]+a3k & b=bll+b2]+b3k then
a b =a1b1+a2b2+a3b3.

N

e The angle (Z) between a & b is given by

@ = cos “l_ab L 0<@<m.

- - -

e a.b =0& a Perpendlcularto b (a;tO bth)




Vector Product
of Two vectors

—

If a & b are two vectors and 0 is the angle between them then

N

- - =1 N
axX b = |a||b|sin6n , where n is the unit vector
- - - - A

perpendicular to both a & b such that a, b& n form a right
handed screw system.

Geometrically |a X b| =area of the parallelogram whose two

adjacents sides are represented by ;& Z
LXl=]AX]=k><kA=0 lX]=k ]Axsz le=]A
fazaitajtak & b=bi+bj+bi then
ik
a, a, d,
;X B’: bl bz b3
C—l) X I;z ;<—> ;and I;are parallel (collinear) (c—l)th, I;)th) i.e.
; =K I;where Kis a scalar.

Unit vector perpendicular to the plane of a & b is

n=4=

ax b

B
|a><b|
=

- -

If a, b & c are the position vectors of 3 points A, B & C then the

- -

vector area of triangle ABC = %[a Xb+bXc+cXal The
points A, B & C are collinear if

- - - - -

* aXb+bXc+cxXxa=0
Area of any quadrilateral whose diagonal vectors are (Jl1 & d2 is
given by %|d1 X d2|.

Lagrange’sldentity:

- -

(axb) =|a| [o| = (ab) = [(axa)@xb)(bxad (b

Scalar Triple
Product

The scalar triple product of three vectors a, b & c is defined as:
aXb.c= |a||b||gl sinsin © cos cos @
Volume of tetrahedron V = [a. b.ﬂ

In a scalar triple product the position of dot and cross can be
interchanged i.e.




cZ(bxe— axl;)c Or abc [bccq_) [cgb
C—l).(bXC =—a.(c X b)i.e. [abc =— [ac b]

o |If a=a1i+a2j+a3k;b=b1i+b2j+b3k &

c=ci +02] +c3kthen

- = C C C
@=L e o

e - >

e Ifa, b,c are coplanare [abc = 0.

° Volume of tetrahedron OABC with O as origin & A(a), B(b) and

i

C(c) be the vertices = |— ab c]|

e The position vector of the centroid of a tetrahedron if the pv’s

e -

of its verticesare a, b, c & d are given by —[a + b +c+ d]

Vector Triple

0 (l;)x‘) (acb—aa a><I;)><C—aE)b—(l;):)(;>

Product
Ingeneral(axl?)xeiax bxa
Parabola Formula
The formula for parabola are as stated below
Description Formula
Equation of The equation of parabola with focus at (a, 0), a > 0 and directrix
standard x = — aisgivenas
parabola: y2 = 4ax
When vertex is (0, 0) then axis is given as
y =20
Length of latus rectum is equals to 4a
Ends of the latus rectum are L(a, 2a) and L'(a, -2a).
Parametric The point (x, yl) lies outside, on or inside the parabola which is given as

representation

y = 4ax
Therefore, equation of parabola now becomes,

yl2 — 4ax=0
Or
2
y, — 4ax < 0

Line and a
parabola

Length of the chord intercepted by the parabola y2 = 4ax on theline
y = mx + cisgiven as




iz(\/a(l + mz)(a — mc)

Tangents to the
parabola

m
Tangent of the parabola y2 = 4axisgivenasT=0

2
y =mx + %, m=#0 is the tangent of parabola y = 4ax at (%,z—r:)

Normal to the
parabola

y2 = 4ax

2 L
Normal to the parabola y = 4ax is given as

y =¥ = _2};1 (x _xl) at(xl'yl)

A chord with a
given middle
point

The equation of the chord of parabola yz = 4ax with midpoint (xl, yl) is

givenasT = 51'
Here,
51 =y, ~ 4ax

Definite Integration Formula

The formula for definite integration are as stated below

Description Formula
Definite Integral | © n
as Limit Sum J f(x)dx = ¥ hf(a + rh)
a r=1
Here h = b;a is the length of each subinterval

Definite Integral

b v
[ f(x)dx = F(b) — F(a), where F (x) = f(x)

Formula Using
the
Fundamental
theorem of
calculus
Properties of

Definite Integral

b b
o [f(x).dx =] f(t).dt

b a
o [f(x).dx =~ {f(x).dx

b b
o [cf(x).dx = cf f(x).dx
b o b
o [f(0)tg().dx = [ f(x).dxt[ g(x).dx

b c b
o [f(x).dx =[f(x).dx + [ f(x).dx

b b
e [f(x).dx=]f(a+b—x)dx




a a
[ f(x).dx = [ f(a — x).dt This is a formula derived from
0 0

the above formula.

2a a

{f(x).dx = Z{f(x).dx if f2a — x)= f(x)
2a

[ f(x).dx = 0if f(2a — x) =— f(x)

0

}f(x).dx = Z}f(x).dx if f(x) is an even function (i.e.,
—-a 0

f(=x)= f(x)).
[ f(x).dx =0 if f(x) is an odd function (i.e.

f(=x) == f(0)

Definite i -
Integrals fx2+a ~ 2a
involving “
Rational or
irrational ofo xdx g™ "
. = O<m+1<n
E n, n (m+D)m
Xpression "~ +a n
0 p_ld
X X T
f 1+x sinsin (pm) ’ 0 < p <1
a
[ee]
f dx _
o az_xz )
[oe]
2 2 2
[a" —x"dx = “Z
a
Definite m i
Integrals Jmx)nx)dx = {0 if m#n = ifm=n mmn positive
. . 0
involving .
. . integers
Trigonometric
Functions

T
[ mx)nx)dx = {0 if m#n % ifm=n mmn positive
0

integers

T
[ mx)nx)dx = {0 ifm+ n even mﬁmz ifm=n
0

integers




[ J
O%N‘:l

=

QU

=

Il
O%N‘:‘

=

U

=

Il

|2

o [xdx =[dx =20 m =12,
° {xdx={dx =%,m=1,2,...
°
If f(x) is a nT T a+nT T
periodic o [ f(x)dx = nf f(x)dx, nez, [ f(x)dx = nf f(x)dx, n€4
function 0 0 ¢ 0
with period T nT T atnT a
o [ fdx = ~-m)/[f(x)dx, mnez, [ f(x)dx =[f(
mT 0 nT 0
b+nT a
e | f()dx = [ f(x)dx, n€z, a, bER
a+nT a
[ ]
Leibnitz h(x) 4F GO : :
Theorem fF(x)= [ f()dt, then —= = h (x)f(h(x)) — g ()f(g(x))

g(x)

Ellipse Formula

The formula for ellipse are as stated below

Description Formula
2 2
A A 2_ %1 = 6
standard 7 + 7 1, wherea > &b =a (1 —e)
Equation

bZ

e Eccentricity: e =

x=t+—
e

= 2b

e Vertices: 4 = (—a,0)&A =(a0).

2
e latus Rectum: = % = 2a(l — ez)

1 ——=,(0 < e < 1), Directrices:
a

® Foci:S = (fae, 0). Length of major axes = 2a and minor axes




2 + 2 2
- . X =a
Auxiliary circle Y

x=acos®&y =bsinb
Parametric
Representation

The point P(xl, yl) lies outside, inside or on the ellipse

Position of a sccording as:
Point w.r.t. an gas;
Ellipse , ,
xl yl
—+ ——1><or =0.
a b
x2 yZ
Line and an The liney = mx + ¢ meets the elllpse7 + y = 1 in two points
i . . . . 2, 2 2 2
Ellipse real, coincident or imaginary accordingasc is<=or>am + b .
2 2 2 i
Tangents e Slope form:y = mx+\\a m + b, point form:
xx, vy,
—+—=1
a b

xcos0 sin®
==+ =

e Parametric form: 5

2 2

ﬂ_ﬂ _ 2 _ 2 _ _ 2 _ 2
Normal . v, a b, ax.secO by.cosecd = (a b ),

(@-b"ym

Y az+b2m2

y =mx —

2 2 2 2
x +y =a +b

Director Circle

Part 3

Inverse Trigonometric Functions Formula

The formula for inverse trigonometric functions are as stated below

Description Formula

Arcsine Function Arcsine function is an inverse of sine function which is denoted by
. -1
sin
The formula for arcsin is given as
. =1 . -1
sin (= x) =— sin (x), x€[— 1, 1]




Domain of arcsin is — 1<x<1
T

. . T
Range of arcsin is — =-<y<—-

¥y

3

=2

-2

Differentiation of sin_(x) is

1
\ 1—x2

Arccosine Function

Arccosine function is an inverse of cosine function which is denoted
-1
by cos
-1 -1
cos (—x)=m — cos (x), x€[— 1, 1]
Domain of arccos is — 1<x<1
Range of arccos is 0<y<m
y

=

h

&2

=2

-1
Differentiation of cos ~(x) is —

1
Y 1—x2

Arctangent Function

Arctangent function is an inverse of tangent function which is
denoted by tan” "
tan (- x) = — tan_ (x), x€R
Domain of Arctangent is — co<x<oo
Range of Arctangent is — %Sys%




{-m/2
2

-1
Differentiation of tan ~(x) is —

14+x

Arc cotangent (Arc cot) Function

Arc cotangent function is an inverse of cotangent function which is
-1
denoted by cot
-1 -1
cot (— x) = m— cot (x), xER
Domain of Arc cotangent is — co<x<oo
Range of Arc cotangent is 0<y<m

Ay

Tt

-

0,57 4

-1
Differentiation of cot "(x) is >

+Xx

Arc secant Function

Arc secant function is an inverse of cosine function which is
-1
denoted by cot

-1 -1
sec (—x) =m — sec (x), |x|=1
Domain of Arc secantis — co<x< — 1or1 — co<x< —

Range of Arc secant is 0<y<m, y i%




’/J :n:
0:5m
t t t t t - t t t -
-5 4 -3 -2 1 2 3 4 5
-0.5%
ot

-1
Differentiation of sec (x) is———

1
Ixh/xz—l

Arc cosecant Function Arc cosecant function is an inverse of sine function which is
-1
denoted by cosec

-1 -1
cosec (— x) = — cosec (x), x=1
Domain of Arc cosecantis — ®0<x< — 10or1 — c0<x< — ®
. TC T
Range of Arc cosecant is — 5-<y<—-, y #0

Ay
1
121 e
1 1 t 1 -
[N -1 1 2 3 4 &5
. /2
it

-1
Differentiation of cosec (x) is

1
le\/xz—l

Straight Line Formula

The formula for straight line are as stated below

Description Formulas
Distance Formula d \/ 2 2
- (x1_x2) _(y1_y2)
Section Formula _ mxgnx, o mydny,
X = m+n Y= m+n
Centroid, Incentre and Excenter . XHxtx, Yty by,
Centroid G 3 , 3




ax1+bx2+cx3 ay1+byz+cy3

at+b+c '’ a+b+c
—a +bx,+cx, —ay1+by2+cy3)

In center I(

Excentre 11( —a+b+c '’ —a+b+c

Area of Triangle

1
AABC = 5|x y 1x,y,1x,y,1]

Slope formula

Line Joining two points (xlyl)&(xzyz)
Y17V,
m

X —X
1

2

Condition of collinearity of three
points

|x1y11x2y21x3y31|= 0

Angle between two straight lines

Bisector of the angles between two
lines

ax+by+c + (a|x+b|y+cl)

[2 2 - 2 2
a+b a +b

Condition of Concurrency

For three lines ax + ay + c, = 0,i = 123is

alblcla2b2c2a3b3c3|— 0

A pair of straight lines through origin

ax’ + 2hxy + by2 =0
If B is the acute angle between the pair of straight lines, then tan

2+/(h’~ab)

a+b

Two Lines:

ax + bx + c=0andax + by + ¢ = 0 Two lines
a. Parallel isz% #* =
a C

¢,-C,

b. Distance between two parallel lines=

az+b2
Perpendicular:if aa + bb = 0

o

A point and line

. . . ax1+by1+c
a. Distance between point and line=|———

az+b2
b. Reflection of a point about a line:
x=x, _ y=y, ax1+by1+c
a b a’+b’
c. Foot of the perpendicular from a point on the line is
xX—x y=y, ax1+by1+c

1
a b a’+b’




Indefinite Integration formula

The formula for indefinite integration are as stated below

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

[ f0dx = g(x) + co—={g(x) + ¢} = f(x)

Here, c is called the constant of integration

Standard Formula:

n+1
o f(ax+b)ndx=%+ c, n# —1

o [E-=nin(ax+b) +c

ax+b

ax+b 1
fe dx = —e +c

px+q

x+ 1
* fap qu = ? lfllna

+ c,Herea > 0

e [sin(ax + b)dx =-— %cos cos(ax + b) + ¢

e [cos(ax + b)dx = %Sin sin(ax + b) + ¢

e [tan(ax + b)dx = %ln In secsec(ax + b) + ¢
e [ cot(ax + b)dx =%ln In sinsin(ax + b) + ¢
e [(ax + b)dx = %tan (ax + b) + ¢

e [(ax + b)dx =-— %cot (ax + b) + ¢

e [dx =In(secx + tanx) + ¢

or [dx = lntan(%+%)+c




o [dx =In(x + cotx) + cor[dx =Intan< + c

or [dx = In(cosecx + cotx) + c

dx X
) f == + c
a —x
dx 1 x
b fz 2~ 4 a +c
a +x

dx 1
° f — =5 In +c
at—x a a—x
dx 1 x—a
[ ] =
f —d? 2a In x+a +c

2 2 2 2 2
o [Va —xdx=x"+a"+5= 4+

2 | 2 2
° f\/xz+a2dx=i x2+a2+aTln(—x+ x+a) + c

2 a

Integration by substitutions

If we substitute f(x) = t, then f'(x)dx = dt

Integration by part

JF)ge))ydx = f(0) [(gG)dx — [ (%(f 0)J (g(X))dX)dx




Integration of type

dx dx \/2—
J—=—] = JAax” + bx + cdx

Make the substitute x + z—ba =t

Integration of trigonometric

functions

dx or f dx or f dx
a+bx a+bx ax +bsinsin x coscos x +cx

Hereweputtantanx =t

dx
a+bsinsin x +ccoscos x

[—2& __ or[dx/(a + bcoscosx)or

a+bsinsin x

Here we put tantan =~ =t

Integration of type

x2+1
f 4 2 d‘x
x +Kx +1
Here k is any constant

2
So, we divide numerator and denominator by x and put x+% =t

Application of Derivatives Formula

The formula for application of derivatives are as stated below

Description

Formula

Equation of tangent and normal

e Tangent at (xl, yl) is given by (y — yl) = f'(xl)(x - xl),
here the f'(xl) should be real

e And normal at (xl, yl) is given by (y - yl) =— (x —x

f(x) 1

, here the f'(xl) should be non-zero and real.

Tangent from an external point

Given a point P(a, b) which does not lie onthe curvey = 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.
' h)—b
f (n)=L8=




Q(h, f(n))

P(a,b)
y = f(x)

And equation of the tangent is
h)—b
y—b= %(x - a)

Length of tangent, normal,
subtangent, subnormal

o PT =|k|,/1 + %is the length of the tangent
m

e PN = |kI\y1 + m’ is the length of normal

o TM = |%| is the length of the subtangent
o MN = |km|is the length of subnormal

Angle between the curves

Angle between two intersecting curves is defined as the acute
angle between their tangents (or normal) at the point of

intersection of two curves. So,

m —m
1 2

tantan 0 = Temm

2

Rolle’s Theorem:

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

e continuous on [a, b]

o derivable on (a, b) and

e f(a)=1(b),

e then there exists at least one real number c between a and b
(a<c<b)suchthatf’(c)=0

Lagrange’s Mean Value Theorem
(LMVT):

If a function f defined on [a, b] is
(i) Continuous on [a, b] and (ii) derivable on (a, b)
then there exists at least one real numbers betweenaandb (a<c

< b) such that
fW)—f@ _ f'(C)

b—a -

Formulae of Mensuration

e Volume of a cuboid = Ibh

e Surface area of cuboid = 2(lb + bh + hl)
e \olume of cube = a3
e Surface area of cube = 6a2

1 2
® V\olume of a cone = < Tr h




e Curved surface area of cone = mirl (I = slant height)

e Curved surface area of a cylinder = 2nirh
2
e Total surface area of a cylinder = 2nrh + 2mr

4 3
e Volume of a sphere = S

2
e Surface area of a sphere = 4nr
. 1 2 .. .
® Area of a circular sector = > 0, here O is in radian

e \Volume of a prism = (area of the base)X(height)
e Lateral surface area of a prism

= (perimeter of the base) X (height)
e Total surface area of a prism

= (lateral surface area)x2(area of the base)
e Volume of a pyramid = %(area of the base)X(height)
e Curved surface area of a pyramid

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

Part 4

Sequence & Series

The formula for sequence and series are as stated below

Description Formula
An arithmetic progression (A. P) a,a+da+2d .,a+ (n— Ddisan
A.P.
Let a be the first term and d be the common difference of
anA. P,
then n'" term = t =a+t (n — 1)d




The sum of first n terms of A. P.

Sn=%[2a +(n - 1)d]=%[a + ]

th , N .
r  term of an A. P. when sum of first r terms is given is
t=85 —-§S -1

T r T

Properties of A. P.

e Ifa,b,careinA.P.=22b =a + c&ifa,b,c,d
areinA.P.=>a +d=b +c

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

Arithmetic Mean

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, b is
AM.ofa&c.

n — Arithmetic Means between two number

If a, b are any two given numbers & q, A1’ Az""" An, b are

in A.P. then Al, Az"" An are the
n A.M.'s between a & b.

_ b—a
A1 =a+-7
_ 2(b—a) _ n(b—a)
A2 =a +—nJr1 An =a +—n+1
n
» Ar = nA where A is the single A.M. between a & b.
r=1

Geometric Progression

2 3 4 . . )
a,ar,ar ,ar ,ar , .., isa G.P. with a as the first term & r

as a common ratio.

th n
e n term= ar

e Sum of the first n terms i.e.,

Sn = {—a(%)-, r+1 na, r=1

Harmonic Mean

e |Ifa,b,careinH.P, bisthe H.M. between a & c,

2ac
a+c

thenb =

e H.M. of a,a,..a is given by

1 1 1
—_ 44 ...+ —
a a a

1 2 n

Relation between means:

G = AH, AM.>G.M.=zH. M.

o AM=GM=HM.ifa =a_ =a_.=..=a
1 2 3 n

Important Results

n n

e Y(ath)= zariibr
1 r—1

r—1 r—




n n
° Zkar=k2ar
r—1 r—1
n
® ) k = nkwhere kis constant
r—1
n
o Nr=1+2+3+ .. +n=2082
r—1
n
o Yri=1"+2"+3"+ . +nf =20
r—1
"3 3 3 3 3 nl(nt1)
o Yr=1+2+3+ .. +n =—}—

r—1

Hyperbola Formula

The formula for hyperbola are as stated below

Description

Formula

Standard Equation

2
X

2
a

Foci: S=(=+ae, 0)
Directrices: x = i%

Vertices: A=(%a, 0)
2
Latus Rectum [ = 22 = Za(e2 - 1)
a

2
Y

2

= 1 where b’ = az(e2 - 1)

Conjugate Hyperbola

Are conjugate hyperbolas of each

Auxiliary Circle

2 2 2
x +y =a

Parametric Representation

x = asecsecO andy = btantan

Position of A point w.r.t hyperbola

2

yl
—7— 1>0r < 0

According to the point (xl, yl) lies inside on or outside the curve

Tangents

Slope form: y = mxi\/azmz — b

Point Form: at the point (xl, yl) is

XX
2
a

xsecsec 6 ytantan®

b

Parametric form: "




Normal: . . dx b’y
® At the point P(xl, yl) is + S

X
1 1

® Atthe point P(asecsecO, btantan)is

ax by _ 2 2 _ 2 2
secsec 0 tantan® at+b =ae

e Equation of normal in term of its slope m is
2 2
y = mxt el
\/a.z—bzm2

2 2 2 2
=a +b =ae

Asymptotes 4L -—0adEZ-2L=0
a b a b
2 2

Pair of asymptotes: ? - =0

[ ]
Rectangular Or Equilateral Hyperbola o xy= CZ eccentricity is ﬁ
e \Vertices: (+ctc)
e Foci: + \/Ec, i\/ic
e Directrices:x + y = i\ﬁc
e latus Rectum! = Zﬁc =T.A=CA
e Parametric equationx = ct,y = %, teR — {0}

e Equation of the tangent at P(Xl, yl) = XL + yL1 =2

1
e Equation of the tangent at P(t) = —f +ty = 2¢
e Equation of the normal at
P(t) = xt° — yt = c(t4 - 1)
e Chord with a given middle point as
(h,k) = kx + hy = 2hk




Physics Formulas

Part 1

Uniform Circular Motion Formula

The formula for uniform circular motion are as stated below

Description

Formula

The formula for Angular
Distance is

A = w At,
Where t is time, w is angular speed and 0 is angular distance.

The formula for linear
velocity is given by

v = Rw
Where speed and R is radius and w is angular speed.

The formula for
Centripetal Acceleration
is given by

A = v'/R,
Where R is the radius and v is the velocity.
A = R
Where R is the radius and w is angular speed
Ac = 4m'V'R

Where R is the radius and v is the frequency

Average Angular ® 0,6, _ o
Velocity av t,—t At
Instantaneous angular ® = %

. t
Velocity
Average Angular o = 0,79 Aw
acceleration av &=t At
Instantaneous angular o = % - w%

t

acceleration

Relation between
speed and angular
velocity

- - -

v=rwandv=wXTr

Tangential acceleration — 4 _ o de _ o dr

g Q=" T = 0%
Radial or normal or v 2
adial or normal o o =L =o'

centripetal acceleration

Angular Acceleration

= =
a= ‘i—‘: (Non — uniform motion)

Normal reaction of road
on a concave bridge

2
N = mg cos® + —
.




concawve
mgcost bridge
mg
Normal reaction on :
orma e.acto ona N = mgcosd — 2
convex bridge r

convex
bridge

mg
*0
Skidding of vehicle on a afe <lugr
level road
Skidding of an object on _ \/E
. w =

a rotating platform max r

. . 2
Bending of Cyclist tan o = :_q

. 2
Bajnklng oij rt?ad tan @ = -
without friction g
Banking of Road with V' _ _wtand
friction rg  1-utanb

Maximum also
minimum safe speed on
a banked frictional road

1

v _ [( rg(u+tan®) )]; v _ [( rg(tanf—p) )]7
max 1-ptan® min 14+ptand

Alternating Current Formula

The formula for alternating current are as stated below

Description

AC and DC current

Formula
| |
1 t 1 t
constant dc periodic dc
| |
t LA
variable dc ac

A current that changes its direction periodically is called alternating current
(AC). If a current maintains its direction constant it is called direct current
(DC).




Root Mean square
Value

Root mean square of a function from t, and t, is defined as

t.

oK

Power consumption in
AC Circuit

€

4
= A cosdp = Vrmslrmscoscl)

cosd Is known as the Power Factor.

Impedance

14

ms

I

™ms

N

14
R —
=7 =
m

L Is called inductive reactance and is denoted by XL. ﬁ Is called

capacitive reactance and is denoted by XC.

Purely Resistive Circuit

<p>=V 1 cosp =—=

rms rms

Purely Capacitive Circuit

V, =V sin ot
)
' | 1
[ |
C
Vm
| = ——coswt
wcC
Vm
= — cos wt =1 coswt
m

c

1 . .
XC = ——And is called capacitive reactance.




IC Leads by VC by %, Diagrammatically it is represented as

rlm
v

m

Since, $=90", < p >=V_ I cosdp = 0

ms rms

Ampere’s Circuital Law

The formula for Ampere’s circuital law are as stated below

Description Formula

Ampere’s circuital law
[B.dl =yl

— 5 —
Here p = permeability of free space=4mx10 ! NA 2

B = Magnetic field
| = enclosed electric current by the path

Ampere’s law (integral
form) [B.ds = pJ

enclosed

= enclosed current by the surface
enclosed

Field of a B = wl
current-carrying wire: 2mr
Field of a solenoid BL = p NI

Here N: number of turns in the solenoid

Field inside a thick wire

[B.ds =]
And
B =pl——
Field of the toroid HNI

2nr




Force between two
parallel current carrying
wires

wl,ly
(2mr)

Fi:

B
IA IB = Current carrying by wires A and B

Capacitance Formula

The formula for capacitance are as stated below

Description

Formula

Capacitance of a
parallel plate
capacitor in terms
of charge and
potential difference

-9
C_V

Here, C is the capacitance of the capacitor, Q is the charge
stored and V is the potential difference between the plates.

Capacitance of a
parallel plate
capacitor in terms
of surface area and
distance between
the plates

e A

0
C_d

Here, £, is the permittivity of free space and its value is

8. 854><10_12m_3kg_1s4A2, Ais the surface area of the plates
and d is the distance between the plates.

Capacitance of a
spherical capacitor
derivation

To find the formula for capacitance of a spherical capacitor we
will use the gauss’s law.

Let the charge on the spherical surface be Q, the radius of
smaller sphere be T and radius of the bigger sphere be T,
Using gauss’s law, we can write:

The potential
difference between
the plates




Energy stored in o U =-Cv
capacitor o
* U=+¢
—
o U = 5
Here, U is the energy, C is the capacitance, V is the potential
difference and Q is the charge stored.
Energy density of iy — L 2
gy A\ Energy density = € ¢ E
capacitor

In vacuum:
12
Energy density = > SOE
Here, g, is the permittivity of free space, € is the relative

permittivity and E is the electric field.

Capacitance per
unit length of a
cylindrical capacitor

2me
0

Capacitance per unit length = W
n (2

a

Here, g, is the permittivity of free space, b is the radius of outer

cylinder and a is the radius of inner cylinder.

Electric field
intensity

The formula for electric field intensity between the plates is
given as:
14

F=2_-2
g d

Here, o is the surface charge density, V is the potential
difference and d is the distance between plates.

Redistribution of
charge when two
charged capacitors

Let us assume a capacitor with capacitance C1 with initial

charge Q1 and capacitor with capacitance C2 with initial charge

are connected in Qz'
parallel The final charge on capacitor with capacitance C1 will be:
. c
_ 1
Q= C,+C, (Q1 + Qz)
final charge on capacitor with capacitance C2 will be:
' _ 2
Q= C,+C (Q1 + Qz)
Equivalent 1 _ 1t ;.1 ., 1 1
q c —¢ Tttt +t7

capacitance when
capacitors are
connected in series

Here, Ceq is the equivalent capacitance and C1’ Cz’ C3 are the

capacitance of the capacitors.




Equivalent c =C +C_.+C_+ ..C
eq 1 2 3 n
capacitance of the
capacitors
connected in
parallel
Charging of -
capacitor 1= qO(1 — € )
Here, q is the charge on the capacitor at time t, T is the time
constant and q, is the charge on the capacitor at steady state.
Discharging of -
capacitor 1= 49,°
Here, q is the charge on the capacitor at time t, T is the time
constant and q, is the charge on the capacitor at steady state.
Part 2

Centre of Mass Formula

The formula for centre of mass are as stated below

Description Formula
Centre of mass of | The centre of mass of the system will be:
a system with n > (m M Amr etm )
number of masses Tem = m +m +m +m

situated on a line
at different
positions

-

- -5
here, m,m,m,are the masses situated at T T,

respectively.

Centre of mass of
a system with n
number of masses
situated on a 2D
plane

Let the masses m,m,m,m be placed at coordinates

(e 7,) (2 7,) (3 73). (5, 7)

So, we will find the centre of mass for x and y axis respectively

using the formula:
m1x1+m2x2+m3x3+...+mnxn

r =
x m1+m2+m3+...+mn

m1y1+m2y2+m3y3+...+mnyn

y m +m +m+.4+m




The centre of mass of the system will be: (rx, ry).

Centre of mass of
a rectangular
plate

The centre of mass of a uniform rectangular plate of length L and
breadth B is given as:

<
=
Il
Nlh NlUU

ﬁ
I

Centre of mass of
a triangular plate

The centre of mass of a uniform triangular plate is given by the
formula:

Where, h is the height of the plate.

Centre of mass of
a semi-circular
ring

The centre of mass of a semi-circular ring is given as:
— 2R
y - T
r =0
X

Here, R is the radius of the semi- Circle.

Centre of mass of
a semi-circular
disc

The centre of mass of a semi-circular disc is given as:

;o= AR
y_3‘l'[
r =0
x

Here, R is the radius of the semi- Circle.

Centre of mass of
a hemispherical
shell

The centre of mass of a hemispherical shell is given as:

=7
r =0

X
Here, R is the radius of the semi- Circle.

Centre of mass of
a solid
hemisphere

The centre of mass of a solid hemisphere is given as:

r—ﬁ
y 8
r =0
X

Here, R is the radius of the hemisphere.

Centre of mass of
a circular cone

The centre of mass of a circular cone is given as:
ry =
Here, h is the height of the cone.




Centre of mass of

The centre of mass of a hollow circular cone is given as:

a hollow circular r =2
y 3
cone . .
Here, h is the height of the cone.
Circular Motion
The formula for circular motion are as stated below
Description Formula
Average angular _ 59
velocity average t,—t,

Here, 62 is the angle at time t1’ and 91 is the angle at time t1'

Average angular
acceleration

W —w
2 1

a =
av =4

Here, W, is the angular frequency at time t2 and w, is the

angular frequency at time tl.

Tangential
acceleration

_av
t dt
Here dV is the change in velocity over time dt.
=yl
a =14

Here, r is the radius, dw is the change in angular frequency over
time dt.

Centripetal
acceleration

2
ora =wr

Here, v is the linear velocity, r is the radius and w is the angular
frequency.

Normal reaction
on a body moving
on a concave
bridge

2

N = mgcoscos® + =
r

Here, m is the mass, g is the gravitational acceleration, 6 is the
angle, v is the linear velocity and r is the radius of the bridge.

Normal reaction
on a convex
bridge

2
mv

"
Here, m is the mass, g is the gravitational acceleration, 6 is the
angle, v is the linear velocity and r is the radius.

N = mgcoscosB —

Safe velocity of a
vehicle on a level
road

< Vugr

safe —
Here, vsafe is the safe velocity, u is the coefficient of friction, g is

the gravitational acceleration and r is the radius.




Banking angle

2

tan 6

rg
Here, O is the banking angle, v is the linear velocity, r is the radius

of the curve and g is the gravitational acceleration.

Centrifugal force

2
f=mor

Here, f is the centrifugal force, m is the mass, w is the angular
velocity and r is the radius.

Conical pendulum

T = 21 /Lcose
g

Here, L is the length of the pendulum, 6 is the angle made by the
string with the vertical and g is the gravitational acceleration.

De Broglie Wavelength Formula

The formula for de broglie wavelength are as stated below

Description Formula
De Broglie —
mv
wavelength or A h
T = ke

Here, A is the de Broglie wavelength, h is the Plank’s constant, m is the mass, v
is the velocity, KE is the kinetic energy.

Radius of electron in
hydrogen like atoms

2
r =—a
n Z 70

Here, r is the radius of n" orbit, a, is a constant whose value is

0. 529><10_10m and z is the atomic number.

Speed of electron in
hydrogen like atoms

Z
VvV =—7]UV
n

n 0

Here, Z is the atomic number, n is the orbit and v, is a constant whose value is

2.19x10°m/s.

Energy in n™ orbit

2

- . Z

En = E1 —
Here, En is energy of the n'" orbit, E1 is the energy of the 1* orbit and its value

is — 13.6 eV, Z is the atomic number and n is the number orbit.

Wavelength
corresponding to
spectral lines

1 1 1
== R[—z - _z]
nl TLZ

Here, A is the wavelength, R is the Rydberg constant and its value is

1.097x10'm .
Values of n for different series.

Lyman series: n, = 1; n,= 2,3,4,..

Balmer series:n1 = 2; n,= 3,4,5, ...




Paschim series:n1 = 3; n,= 4,56, ...

Minimum
wavelength for x
rays

A — _he

min ev,
12400 -10
OrA =———X10 m
min V0

here, Amin is the minimum wavelength, h is the plank’s constant, c is the speed

of light, e is the charge of an electron and Vo is the accelerating voltage.

Radius of nucleus

R=RrRA"
0
-15
Here, R is the radius of the atom, R0 is a constant whose valueis 1. 1xX10 m

, A'is the mass number of the atom.

Number of nuclei
during a radioactive
decay

—A
N=Nge "
here, N is the number of nuclei at time t, No is the initial number of nucleus

and A is the decay constant.

Half-life of a
radioactive sample

0.693
T1/2 T
Here, T1/2 is the half-life period and A is the decay constant.

Average life o

Tm; 0693

here, Tav is the average life and T1/2 is the half- life period.
Part 3

Current Electricity

The formula for current electricity are as stated below

Description

Formula for current

Formula
Aq
[ ] = —
I At
Aq dq
[ ) = —_—— = —
I At dt

Here, Aq is the charge flown through the circuit and At is
the time in which the charge has flown.

Electric current in a

conductor(wire)

I = nAeVd




Here, n is the number of free electrons, A is the area of
conductor, e is the charge of an electron, Vd is the drift

velocity, A is the linear charge density and T is the
relaxation time.

Potential difference
using ohm’s law

V =1IR

Here, V is the potential difference, | is the current flowing
through the conductor and R is the resistance offered by
the conductor.

Resistance in terms
of resistivity

_ pL
R_A

Here, p is the resistivity of the material of the conductor, |
is the length of the conductor and A is the area of cross
section of the conductor.

Change in
resistance due to
temperature

R = Ro(l + aAT)
Here, R is the resistance, R0 is the initial temperature, a is

the temperature coefficient of the resistivity and AT is the
change in temperature.

Electric power

P=VI
Here, P is the power, V is the potential difference and | is
the current.

Also,
2
P=IR
VZ
=X
Heat energy H=VIt
released due to also
current H = I°Rt
2
_ v
=R t

Here, H is the heat released in joules, V is the potential
difference, R is the resistance, | is the current and t is the
total time the current was flowing through the conductor.

Equivalent
resistance when
resistors are
connected in series

Req=R1+R2+R3+...+Rn

Here, Req is the equivalent resistance, R1’ Rz’ R3 are the

resistance of the resistors.

Equivalent
resistance when

+— 0+ .+

1
R R
3

R
R R R
1 2

n




resistors are
connected in
parallel

Potential difference
when cells are
connected in
parallel

€ € € €
(1+Z+3+...+ r

_ v T, T T
E - 1 1 1 1
eq Sttt
T T T T

1 2 3 n

Here, €,8, €, are the emf of the cells and r,T,T,are

the internal resistance of the cells.

Ammeter using
galvanometer

To measure the maximum current | using a galvanometer,
we need to connect a shunt resistance in parallel with the
galvanometer.

The value of the resistance is calculated as:

IR

— _9 g
5_1

Here, S is the value of shunt resistance, Igis the current

through galvanometer, Rg is the resistance of the

galvanometer and | is the maximum current to be
measured.

Voltmeter using
galvanometer

To measure a potential difference using a galvanometer,
we need to connect a series resistance with it.

The value of the resistance that needs to be connected is:
R=2L-R
s Ig g

Here, V is the maximum potential difference to be
measured, Ig is the current through galvanometer and Rg

is the resistance of the galvanometer.

Electric Current Formula

The formula for electric current are as stated below

Description

Formula

Electric current

I = q/t =ne/t
Where I= strength of current; g-charge; t- time

Resistance

R =TI./ and

=c|~

Conductance G =

Where
V — potential dif ference,




i — current,

—pL_ ol
R=T="7

nr
Where , R — Resistance fo the wire;
p — Resistivity,
l — length of the wire,
A — area of cross section of the wire

Variation of resistance
with the temperature

R =R[1 + a(d)]

T
R_R
—a =S5 C
(R,—=R,)
1 2
o= 1°C
Rt,t
Here,

R = resistance at temperature t°C
R, = resistance at temperature 0°C

o = temperature coefficient of resistance

Conductivity

Reciprocal of resistivity.

1
o =—
p

Where - 6 -conductivity, p -resistivity

Terminal voltage

Case-1: When battery is delivering current

V=E-—-irori=
Where

V -terminal P.d, E - emf of the cell, r -internal resistance of the cell, R —
external resistance.

R+r

Case 2: when battery is charging
V=E+ir

Kirchhoff’s laws

Kirchhoff’s First laws:
> i = 0 atany junction.
Kirchhoff’s second law:

iR = 0 ina closed circuit.

Metre Bridge

l
1

!
1. ==—+t>===
R L, R (100—11 )
Where x - unknown resistance of given wire, R-resistance in the
resistance box, ll-balancing length from left end of the bridge to Jockey.

xA ’I'[TZ
2. p= =X
Where p -Resistivity of the wire,
X -resistance of wire,
A - area of cross section of the wire,

[ -length of the wire.

Potentio Meter

Emf of cell in the secondary circuit
ES = Ipl




l

E
1. Comparison of emf’s of two cells: - = —~
2 2

Where E1 and Ez-emf of the first and second cell, l1 and lz— the
balancing Ie(ngth)s of individual cells respectively.
R(1L—1

1 2,

lZ

2. r=

Electromagnetic Induction Formula

The formula for electromagnetic induction are as stated below

Description

Formula

Magnetic Flux

The magnetic flux through a plane of area dA placed in a uniform
magnetic field B is given as

& = [BdA

When the surface is closed, then magnetic flux will be zero. This is due to
magnetic lines of force are closed lines and free magnetic poles is not
exist

Electromagnetic
Induction: Faraday’s Law

First Law: Whenever magnetic flux linked with a circuit changes with
time, an induced emf is generated in the circuit that lasts as long as the
change in magnetic flux continues.

Second Law: According to this law, the induced emf is equal to the
negative rate of change of flux through the circuit.

= _ 49
E = dt
Lenz’s Law The direction of induced emf or current in the circuit is in such a way that
it opposes the cause due to which it is produced. Therefore,
— _ N4
E = N( pm )
Induced emf Induced emf is given as
—  _ pnr4e
E = N(=ZD)
¢, P,
E= -NCZ)
Induced Current Induced Current is given as
_E _ N ,dp _ N &b
I=% = %)= =)

Self - Induction

Change in the strength of flow of current is opposed by a characteristic of
a coil is known as self-inductance.

Itis givenas ¢ = LI

Here, L = coefficient of self - inductance

Magnetic flux rate of change in the coil is given as

a6 _ g dl __
dt _Ldt_ E

Mutual - Induction

Mutual — Induction is given as
(N, dl

_ 1
ez_ dt B Mdt




Therefore,

u0N1N2A

Part 4

Electromagnetic Induction Formula

The formula for electromagnetic induction are as stated below

Description Formula

Magnetic Flux The magnetic flux through a plane of area dA placed in a uniform magnetic
field B is given as

& = [BdA

When the surface is closed, then magnetic flux will be zero. This is due to
magnetic lines of force are closed lines and free magnetic poles is not exist

Electromagnetic First Law: Whenever magnetic flux linked with a circuit changes with time,
Induction: Faraday’s Law | an induced emf is generated in the circuit that lasts as long as the change
in magnetic flux continues.

Second Law: According to this law, the induced emf is equal to the
negative rate of change of flux through the circuit.

= _ 49
E = dt
Lenz’s Law The direction of induced emf or current in the circuit is in such a way that it
opposes the cause due to which it is produced. Therefore,
—  _ N4
E = N(=;
Induced emf Induced emf is given as
—  _ NS
E = N
_ $-9,
E= —-N—)
Induced Current Induced Current is given as
_E _ N ,dpy _ N OO
=% = 7@ = =)
Self - Induction Change in the strength of flow of current is opposed by a characteristic of a

coil is known as self-inductance.
Itisgivenas ¢ = LI
Here, L = coefficient of self - inductance

Magnetic flux rate of change in the coil is given as

4o _ ydl
dt _Ldt_ E

Mutual - Induction Mutual — Induction is given as




Therefore,

uONlNzA

l

Electromagnetic Waves

The formula for electromagnetic waves are as stated below

Description

Formula

Gauss’s law for
electricity

§E-dA =L

0

Here, E is the electric field, A is the area, Q is the charge
and £, is the permittivity of free space.

Gauss’s law for
magnetism

Faraday’s law

$B-dA =0

B is the magnetic field and A is the area.
dd

$E-dl =——

Here, E is the electric field, | is the length of the conductor,
CI)B is the magnetic flux and t is the time.

Ampere- Maxwell
law

dCDB

0 dt

¢ B-dl = M+ e
Here, B is the magnetic field, | is the length of the
conductor, 1, is permeability of free space, i is the current
flowing through the conductor, £, is the permittivity of

free space, CDB is the magnetic flux and t is the time.

Speed of light in
vacuum

c=1/ g,

Electrostatics Formula

The formula for electrostatistics are as stated below

Description

Formula

Electrostatic force
between two-point
charges




Here, g, is the permittivity of free space, q,9,are the point charges and r

is the distance between the charges.

Electric field

E =

! 2 |.’1l

Here, F is the electrostatic force experienced by test charge q,

Electric field due to a
uniformly charged ring

E — KQx
axis (R2+x2)%

Here, K is the relative permeability, Q is the charge on the ring, x is the

perpendicular distance from the ring to the point at which the electric field

is to be calculated and R is the radius of the ring.

Electric field due to a
uniformly charged disc

o

E =~

1_x

Here, o is the surface charge density, £, is the permittivity of free space, x

=)

is the perpendicular distance from the centre of the disk and R is the radius
of the disk.

Work done by external
force

The work done by an external force in bringing a charge q from potential
VB to VA is:
W= q(VA — VB)

Electrostatic potential
energy

U=qV
Here, q is the charge and V is the potential.

Electrostatic energy

1 9.4,
41'[30 r

U =

here q,9,are the charges and r is the distance between the charges.

Electric potential at a
point due to a point
charge

V=—o_<

41 r
€

Dipole moment

The formula for calculating electric dipole moment is

p=qd

Here g is the magnitude of the charge and d is the distance between the
charges.

Potential at a point due
to dipole

The potential at a point due to a dipole is given as:

1 cos 0
V= 4_P_2
e r

Here, p is the dipole moment and 0 is the angle made by the line joining
the point and the centre of the dipole with the line joining the charges and
r is the distance from the point at which the potential is to be calculated
and the line joining the charges.

Torque experienced by
dipole due to electric
field

- -

T=pXE

here, p is the dipole moment and E is the electric field.




Friction Formula

The formula for friction are as stated below

Description

Formula

Force due to kinetic
friction

The formula for calculating the force due to kinetic friction is:
Fk = ukR
here, Fk is the force due to kinetic friction, W, is the coefficient

of kinetic friction and R is the normal reaction force on the
body on which the force is acting.
If the body is lying on levelled plane, then the normal force is
given as:
R = mg
Here m is the mass and g is the gravitational acceleration.
When the body is lying on a plane that is at some angle 6 with
the horizontal then the normal reaction force on the body is
given as:

R = mgcos 9

Force due to static
friction

The formula for calculating the force due to static friction is:
FS = uSR
here, FS is the force due to static friction, W is the coefficient

of static friction and R is the normal reaction force on the
body.

Part 5

Linear Momentum Formula

The formula for linear momentum are as stated below

Description

Formula

Linear Momentum

p=mv
p is linear momentum, m is mass and v is velocity




Conservation of mlu1 + mzu2 = m1v1 + m2v2

momentum Where

P = Momentum,
m = Mass and

u,v= velocity
Elasti [lision =
astic Collisio m1v1i+m2v2i m1v1f+m2v2f
Where i = initial and f = final
Inelastic collision muv,. + my, = (m1 + mz)vzf
Force (from Newton’s F = mXa
second law) F =
net dt

Momentum intermsof | p = mv
kinetic energy 2_ 2 2

p = 2mK
Here, K = kinetic energy

Dimensional Formula of [MlLlT_l]
Momentum

Geometrical Optics Formula

The formula for geometrical optics are as stated below

Description Formula
Laws of Reflection of The incident ray, refracted ray, and normal always lie on the same plane.
light Snell’s law
According to the Snell’s law
sini
—— = constant
sinr
Here,

i = angle of incidence
r = angle of reflection

Relative refractive index | The Relative refractive index is given as

C
n= —
v

here,

n = refractive index

¢ = speed of light in vacuum
v = speed of light in medium
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Lateral Shift is given as
lateral shift = ¢t

COST

Normal shift on a single

The normal shift on a single surface is given as

surface ift — _ L

Normal shift = t(1 —--)
Relation between The relation between refractive index and critical angle is given as
refractive index and n = —=

critical angle

sinc

Refraction through a
prism

The refractive index of a prism is given as

sin a+%
n =

sin &
2

Lens maker formula for
thin lenses

Lens maker formula for thin lenses is given as

T

Power of lens

Power of lens is given as
P

Equivalent focal length
of combination of two
thin lenses

—+ ‘hlr—k

L
f

=1

L
f;

Heat And Thermodynamics Formula

The formula for heat and thermodynamics are as stated below

Description

Formula

Kirchhoff’s Law

Emissive power of body
Absorptive power of body

= Emissive power of black body




Conduction

Rate of flow of heat in conduction is determined as

40 __ padl
dt KA dx

e K =thermal conductivity

e A =area of cross-section
e dx =thickness

e dT =temperature difference

do

Newton’s law a9 _ —
of cooling e © 60)
e Here,
e Oand 60 = temperature corresponding to object and surroundings.
Temperature F =132+ %XC‘
scales K = C +273.16
e F =Fahrenheit scale
e (C=_Celsius scale
e K=Kelvin scale
Ideal Gas PV = nRT
equation e Here,

e n=number of moles
® P =pressure
e V=Volume

e T =Temperature

Van der Waals

(p + a(%)z)(V — nb) = nRT

equation ,
o a(%) = correction factor for intermolecular forces
® nb = correction factor for molecule size
® n=number of moles
e T =Temperature
e V=Volume
® p=pressure
Thermal Linear Expansion
expansion

L= L(1+ aAT)




Area Expansion
A = Ao(l + BAT)
Volume Expansion
V = V(1 + yAT)
Relation o _ B v
1 2 3
between q, B
and y for the
isotropic solid
4

Stefan- u = oAT (Perfect black body)
Boltzmann’s 4
law u = ecAT (Not a perfect black body)

e here,

e o =Stefan’s constant = 5.67x10 " watt / m’K*

u

e —-=energy flux

® e =-emissivity
Thermal Thermal resistance is given as
resistance to - L

; R = KA

conduction . -

e K =material’s conductivity

e L =plane thickness

® A-=planearea

Hooke's Law Formula

The formula for Hooke’s law are as stated below

Description Formula

Formula for Hooke’s Law F =— kx

Where F = force, k = constant and x =
displacement

Note: Hooke’s law can be expressed in the form
of stress and strain.

According to Hooke’s law Stress « Strain

That is,

Stress = KXStrain

Where K is the proportionality constant

Formula for Stress Stress (o) = F/A
Where,




F is the restoring force, and
A is the cross-section area

Formula for Strain

Strain (¢) = AL/L
Where,

AL= Change in length and
L = original length

Sl unit of Stress N/mz
Young’s Modulus (¥) Y = s
F /A
= AL

Shear Modulus

Y = Shearing stress
" Shearing Strain
F/A

~ Ax/h

Inductance Formula

The formula for inductance are as stated below

Description

Formula

Inductance

L=uN’A/l

Where

L - inductance in Henry(H)

U - permeability (Wb/A. m)

N - number of turns in the coil
A - area encircled by the coil

[ -length of coil(m)

Induced voltage in a coil (V)

The voltage induced in a coil (V) with an inductance of
L is given by

V=L di/dt

Where,

V = voltage(volts)

L - inductance value(H)

i -the current is(A)

1 -time taken (s)

Reactance of inductance

The reactance of inductance is given by:
X=2xfL

Where,

Reactance is X in ohm

The frequency if fin Hz

Inductance is L in Henry(H)

Magnetic Flux

The magnetic flux through a plane of area dA
placed in a uniform magnetic field B is given as




& = [B-dA

When the surface is closed, then magnetic flux
will be zero. This is due to magnetic lines of force
are closed lines and free magnetic poles is not
exist

Induced Current

Induced Current is given as
_E _ N dpy_ N T4
I_R — R(dt)_ R( t )

Mutual - Induction

Mutual — Induction is given as
d(N, b, dl,

e =— = —_—

2 dt de
Therefore,

N N,A

Part 6
Faraday’s Law Formula
The formula for Faraday’s law are as stated below
Description Formula

Faraday’s first law

The first law of Faraday’s electromagnetic induction explains that when a
wire is kept in a field that experiences a constant change in its magnetic
field, then an electromagnetic field is developed. This phenomenon of
development of the electromagnetic field is called an induced emf.

coil with N turns

and cross-sectional
area, A

induced -— )
curent () - S
direction ‘ %

magnetic field, B
moving to the left.

®

Faraday’s second law

It states that the emf induced in a conductor is equivalent to the rate at
which the flux is linked to the circuit changes.
e=—do/dt
Where, € = the emf or electromotive force
¢ = the magnetic flux
If there are N number of turns in the coil then the total magnetic induction
in a coil is represented as




e=—N d¢/dt

Magnetic flux

It is the integral (sum) of all of the magnetic fields passing through
infinitesimal area elements dA.

P = [ B-dA

The magnetic flux
through a surface

The component of the magnetic field passing through that surface. The
magnetic flux through some surface is proportional to the number of field
lines passing through that surface. The magnetic flux passing through a
surface of vector area A is

CDB= B - A = BAcosH

Lenz’s Law

The direction of induced emf or current in the circuit is in such a way that it
opposes the cause due to which it is produced. Therefore,

()

Induced emf

Induced emf is given as
d
E= - NG

¢—¢
E= -N—)

Magnetic Flux

The magnetic flux through a plane of area dA placed in a uniform magnetic
field B is given as

Fluid mechanics & Properties of Matter Formula

The formula for fluid mechanics and properties of matter are as stated below

Description Formula
Pressure p = %
For hydraulic press:
A
F=—f

Here, P is the pressure, F is the force applied on bigger piston with
area A and f is the force on the smaller piston with area a.

Angle made by
liquid surface
when the
container
experiences an
acceleration

aO
tan® =—
g

here, 0 is the angle made by the liquid surface with the horizontal,
a, is the acceleration of the container and g is the gravitational

acceleration.

Continuity
equation

According to the equation of continuity, the product of velocity
and the area of cross section at any section in a tube is constant.




a4,V = a4,
here, a v are the area of cross section and velocity of fluid at
section 1 and a,v,are the area of cross section and velocity of

the fluid at section 2.

Bernoulli’s
equation

According to Bernoulli’s equation the total energy of liquid flowing

through a tube is constant throughout the tube.
2

£ + 22—+ Z = constant
Py 2g

Here, P is the pressure, p is the density of the fluid, g is the
gravitational acceleration, v is the velocity of the fluid and Z is the

potential head.

2
v

The term (%) is called pressure head, (Z) is called velocity or

kinetic head and Z is called the potential head.

Speed of efflux

Here, v is the velocity, g is the gravitational acceleration, h is the
height, A2 is the area of hole and A1 is the area of the vessel.

Stress

£
A
here, o is the stress, F is the force and A is the area.

G:

Strain

AL

=T
here, € is the strain, AL is the change in length, and L is the initial
length.

Young’s modulus

-
E_S
Or

__FL
E_AAL

here, E is the young’s modulus, F is the force, L is the initial length,
A is the area of cross section and AL is the change in length.

Stoke’s law

F = émnrv

Here, F is the drag experienced by the sphere, r is the radius of the
sphere, 1 is the viscosity of the fluid and v is the velocity of the
sphere.

Terminal velocity

_ 2 (r=0)g
-




Here, ris the radius of the sphere, p is the density of the sphere, o
is the density of the fluid, g is the gravitational acceleration and n
is the viscosity of the fluid.

Magnetic Effect of Current Formula

The formula for magnetic effect of current are as stated below

Description Formula
Magnetic field due to | Magnetic field due to a moving point charge is given as
a moving point - na(vxr)
charge .

W, = permeability of free space

Biot Savart’s Law

dBx dl 2sme
T

Magnetic field due to
a straight wire

The magnetic field due to a straight wire is given as

ol .
B = e (sme1 + smez)




Magnetic field due to
an infinite straight
line

1

il=

L T T

e | —»

Magnetic field due to
a circular loop

At Axis

At centre

Magnetic field on the
axis of a solenoid

uONI

5 (cos(&)1 - 00592)

Ampere's Law

$Bedl =

Magnetic field due to B=0r<R
a long cylinder And
uONI
B =——, r=R
T
Magnetic force F = q(;x é’)

acting on a moving
point Charge

Magnetic force
actingon a
current-carrying

F = I(I x B)




Magnetic Moment of
a current carrying
loop

M = NIA

The torque acting on t=MxB

a loop

Magnetic field due to B = Ky m
single pole 2mr’
Magnetic field on the g = Mo M

axis of the magnet 4nr’
Magnetic field on the B = My M
equatorial axis of the 4’
magnet

Magnetic field at the My M 2
poiﬁt P of the B = 4’ V(1 + cos” )]
magnet

Part 7

Wave Formula Part 1

Electromagnetic wave equations are given as below

Description Formula
Gauss’s Law 0
for electricity $E.da = o
Gauss’s Law
for Magnetism $B.dA =0
Faraday’s Law

$E.dl =— S
t
Ampere-Maxw db,
ell Law $B.dl = p e —
Speed of Light ¢ =—L
in Vacuum M€,




Speed of light

v =
in medium Ve
Relation
between B c
Electric and B,
Magnetic field

Wave Formula 2

The formula for wave are as stated below

Description Formula
General Oy _ v o'y
Equation of ot° ox"
Wave Motion
Wave number k = 2_; _ (rad m_l)
v
Phase of a It is the difference in phases of two particles at any time t.
Wave — 2n
Ap =——Ax
Speed of
PEEao v = «/l where T = Tension
Transverse W
Wave Along a 1L = mass per unit length
String / Wire
Power Average Power (P)
Transmitted P = anfZAzuv
Along The v =velocity
String By a Sine Intensity
Wave 2 2 .2
I =—=2nfApv
Longitudinal € = Asin(wt — kx)

Displacement
of Sound Wave

Pressure Excess
during
travelling
sound wave

__ g
P ——Bax

ex
= (B) Cos (wt — kx)
Where B is the Bulk Modulus
Pex is the excess pressure




Speed of
Sound

— . [E
¢= p
Here, E is elastic modulus
p is the density of medium

Loudness of 10 ( L) dB

Sound o

Intensity at a ] =L
4nr

distance r from
a point Source

Interference of

P = PmlSin(wt — kx, + 91)

Sound Wave P2 = sz Sin(wt — kx2 + 92)
The Result is the sum of all the pressure.
2 2
P0 = \/pml + pm2 + melezcoscb
For ¢ = 2ninthen,=>P =P +P
o m m
constructive 1 2
Interference
For destructive é=0C2n+ Dmand => PO =|P -—P
interference
Close Organ f = v 3v 5v 2n+1)v
Pipe 417 417 4177 4l
v 2V nV
Sizzn organ f==050 5
Beats Beats Frequency=f1 — f2

Doppler’s Law

The Observed Frequency,
' V=,
f =1+

Apparent Wavelength,

A= A(—)

v

Wave Optics Formula

The formula for wave optics are as stated below

Description

Formula

The path
difference of

Ad = d2 — d1
Ad is the path difference




two coherent
Waves

The Path
difference of
two coherent

Ad = k. A
Ad is path difference
A is the wavelength

waves:

Interference

Maximum

The path Ad = &kHD-A

difference of
two coherent
waves:

2
Ad is path difference
Ais the wave length

Interference
Minimum
Thin-film 2ntcosr = (n + 1/2)A
interference: tis film thickness
Constructive n is refractive index
(maximum) 1 is refraction angle

A is wave length
Thin-Film 2ntcosr = nA.
interference: tis film thickness
destructive n is refractive index
(minimum) r is refraction angle

A is wave length
Radii of J((2.k+1).RN)

Newton’s Ring

r=+k.R.A or r= >

ris the radius
R is the radius of curvature
A is the wavelength

Light
Diffraction

dZ

L=
| is the distance from obstacle
d is the obstacle size

A is wavelength




Diffraction dsin® = kA
grating: d is the lattice constant
maximum 0 is the diffraction angle
(bright stripes) A is the wavelength
Diffraction dsind = (K + 1/2)A
grating (dark

stripes) d is the lattice constant

¢ is the diffraction angle
A is the wavelength

Work Power and Energy Formula

The formula for work power energy are as stated below

Description Formula
Work done is W = Fxd
given by F is the force
d is the displacement
Kinetic K E = Lmi’
' 2
Ener
&Y m is the mass of the body.
v is the velocity of the body
Potential P.E = mgh
Energy m is the mass of the body in kg
h is the height of the body in meters
g is the acceleration due to gravity
Power _ W

t
W is the work done by the body
tis the time

l

o

-

p = ds %

Conservative
Forces

dt
du
F == dr




Work-Energy
theorem

W =

net

AK

Where

Wnet is the sum of all forces acting on the object

AK is the change of kinetic energy

Kinetic Theory Formula

The formula for kinetic theory are as stated below

Description Formula
Boltzmann’s ko= &
B N
Constant ,
kB = Boltzmann’s constant
R = gas constant
n = number of moles
N = number of particles in one mole
Total

translational
Kinetic Energy
of Gas

3
K.E = = (nRT)

R = gas constant
n = number of moles
T = absolute temperature

Maxwell K
distribution
law \\
- 'v'p_'n'_‘n"rm,s W
Vv >V >V
rms 14
V  =RMS speed
rms
Vp = most probable speed
V = average speed
RMS Speed

| 3kt | 3Rt
Vrms B mo M

R = universal gas constant
T = absolute temperature
M = molar mass




Average ; _ 8kt _ B8Rt
Speed m ™
Most v o= |2k _ 2Rt
probable p m M
speed
Pressure of _ L .2
. b = 3 pv rms
ideal gas
Equipartition | For each degree of freedom
of ener - L
gy K =+ kBT
For f degree of freedom
K=LkT
B
kB = Boltzmann’s constant
T = temperature of gas
Internal For n moles of an ideal gas, internal energy is given as
Energy U = % (nRT)

Kinetic Theory of Gases Formula

The formula for kinetic theory of gases are as stated below

Description Formula
Boltzmann’s ko=2&
B N
Constant ) ,
° kB is the Boltzmann’s Constant
® Ris the gas Constant
® nis the Number of Moles
e N is the Number of Particles in one mole (the
Avogadro number)
Total K. E = (i)nRT
Translational . ?
K.E of Gas e nisthe number of moles
) e R is the Universal gas Constant
e Tis the absolute Temperature
Maxwell V >V >Vp
. . . rms
Distribution ® V isthe RMS speed
Law rms

e Vs the Average Speed.




® Vpisthe most probable speed

RMS Speed ( v _\/Skt _\/3RT

vV ) rms m M

ms e Ris the universal gas constant.
e Tis the absolute temperature.

e M isthe molar mass.

Average ;: [8kt _ [8RT

Speed m M

Most v Z\/Zkt =\/2RT

Probable P m M

Speed (Vp)

The Pressure
of Ideal Gas

P—?Vr

ms
® P isthe density of molecules

Equipartition

K = %KBT for each degree of freedom

of Energy
K=(§)KBT for molecules having f degrees of freedom
° KB is the Boltzmann’s Constant
e Tisthe Temperature of the gas
Internal U= (i)nRT
Energy :

e For n moles of an ideal Gas.




Part 8

Lenz's Law Formula

The formula for Lenz’s law are as stated below

Description Formula

Magnetic Flux
The magnetic flux through a plane of
area dA placed in a uniform magnetic
field B is given as

h=B-dA

When the surface is closed, then
magnetic flux will be zero. This is due
to magnetic lines of force are closed
lines and free magnetic poles is not
exist.

Lenz’s Law The direction of induced emf or
current in the circuit is in such a way
that it opposes the cause due to which
it is produced. Therefore,

E =-N(dd/dt)

Induced emf Induced emf is given as




E = -N(dd/dt)
E =-N((p1- $2)/t)

Induced Current

Induced Current is given as

| = E/R = N/R(d¢/dt) = N/R((d2- ¢2)/t)

Self — Induction

Change in the strength of flow of
current is opposed by a characteristic
of a coil is known as self-inductance.
It is given as ¢=LI
Here, L = coefficient of self —
inductance
Magnetic flux rate of change in the
coil is given as

de/dt = Ldl/dt = —E

Mutual — Induction

Mutual — Induction is given as

e2 = (d(N2 $2)/dt = M (dl1)/dt

Therefore,
M = (po N1N2A)/I




Chemistry Formulas

Part 1

Enthalpy Formula

The formula for enthalpy are as stated below

Description

Formula

Enthalpy

H=U+pV

U = Internal energy of system
p = Pressure of system

V = Volume of system

For change in
Enthalpy (AH)

e Atisobaric condition:
When Ap=0;
AH= CP(T2 — T1)

e Atisochoric condition:
When AV=0;
AH= QV + VAp

e Atisothermal condition:
When AT=0;
AH=0

e At Adiabatic condition:
When Q=0;
AH = CP (T2 - T1)

Enthalpy change of a
reaction

AH . =H — H
reaction product
AH® = H° — H°

products

reactants

reactants
= positive AH — endothermic

= negative AH — exothermic

Enthalpy of Reaction
from Enthalpies of
Formation

The enthalpy of reaction can be given as:-

AH® =Y v AH° — Y v, AH°

f.products freactants

v, is the stoichiometric coefficient

Estimation of Enthalpy
of a reaction from bond
Enthalpies

H = Enthalpy required to break reactants into gaseous atoms —

Enthalpy released to form products f rom the gasesous atoms

Resonance energy

[e] —_ [e] [e]

resonance f.experimental
o — o _ o

resonance ¢, calculated

f, calculated

f,experimental




Entropy Formula

The formula for entropy are as stated below

Description Formula
Entropy Bag
system = { T
; T v
Entropy calculation — ncln—> 4+ nR.In—=*
for an ideal gas system v T, 4
Also
l TZ l VZ
system — TCpIM T + nR.In A
if the reaction of the
process is known then Aern - Z ASproducts h Z ASneacttants
we can find Aern by AS  —refers to the standard entropy values

using a table of
standard entropy
values

rxn
XASproducts = refers to the sum of the ASproducts
YAreactants — refers to the sum of the ASreactants

Gibbs free energy

system system system

Atomic Mass Formula

The formula for atomic mass are as stated below

Description

Formula

Atomic Mass

Atomic Mass = Mass of protons + Mass of neutrons + Mass of electrons

Mass Number

Mass number = no. of protons + no. of neutrons

Relative atomic mass

Mass of one atom of an element
RAM = f f

1
-, Xmass of one carbon atom

Specific gravity

density of the substance
density of water at 4°C

Specific gravity =

Absolute density

Molar mass of the gas
Molar volume of the gas

Absolute density =
PM

RT

Vapor density




M s = 2V.D.

ga
Molarity M = wx1000
(Mol. wt of solute)xV .
inml
Molality number of moles of solute 1000xw,
mass of solvent in gram M1XW2

Mole fraction

n

e Mole fraction of solution(xl) =

n+N
e Mole fraction of solvent(xz) =
x, tx,= 1
9% Calculation: o %w/w = mass of solute in gm %100

mass of solution in gm
0 _ __mass of solute in gm
* % W/‘U Volume of solution inml x100
Volume of solute in ml
[solute il 1))
Volume of solution

o %v/v=

Derived conversion

Mole fraction of solute into molarity of solution
x,px1000

961M1+M2x2
e Molarity into mole fraction
MM x1000
X, = px1000-MM,

® Mole fraction into molality

x,x1000
m=——-
lel
e Molality into mole fraction
mM

_ ™
X2 = 1000+mm,

e Molality into molarity
mpx1000

M = 1000+mM,

e Molarity into molality
_ Mx1000
- 1000p—MM,

Here M1 and M2 are molar masses of solvent and solute
p is density of solution
M is molarity

m is molality
X, is mole fraction of solvent

X, is mole fraction of solute

Average atomic mass

a1x1+a2x2+ ...... +ax

- n -n
Ax - 100

Mean molar mass

M1n1+M2n2+ ..... Mnnn

avg n1+n2+....nn




Normality

Number of equivalents of solute
Volume of solution

Molarityxv. f

e N =
e N

At equivalence point

° N1V1 = szz
° n1M1V1 = nzszz

Oxidation Number

Oxidation Number=number of electrons in the valence shell —

number of electrons lef t af ter bonding

Equivalent weight

__ _Atomic weight

Valency factor

Concept of number of
equivalents

wt w w

e No. of equivalents of solute = Fawi = F = M

e No. of equivalents of solute = No. of moles of solute xv.f.

Measurement of
Hardness

mass of CaCO 6
— X 10

® Hardness = Total mass of water

Atomic Structure Formula

The formula for atomic structure are as stated below

Description

Formula

Planck’s Quantum
Theory

hc

Energy of one photon = hv = ==

Photoelectric effect:

1 2
hv = hv. +=mv
0 2 e

Bohr’s Model for

h
® Mvr =n=-—-_—

. 2
Hydrogen like atoms E " _18 2 2
o E =——L7"=— 2.178x10 "% J/atom =— 13.6% eV
n n n n
—Zﬁzme4
o [ = 3
1 n
2 2 2
n h 0.529xn °
° T'n _7 X 4n2ezm N Z A
o _ 2mze’ _ 2.18x10°xz /
v= nh n mj/s
De-Broglie wavelength A= = L(For photon)
mc p

Wavelength of emitted
photon




Number of photons
emitted by a sample of
H atom

E = nhv
Where n is the number of photons emitted
h is the Planck's constant
v is the frequency

Heisenberg’s
uncertainty principle

o Ax.Ap >4—};
e mAx. Av24—};

h
o Ax.Av=2—
mm

Quantum Number

® Principle quantum number-(n = 1,2, 3,4,5...00)

e Orbital angular momentum of electron in any orbit = ;—Z
e Azimuthal quantum number (1) = 0,1,2,3, ...(n — 1)
® Magnetic quantum number (m)=-l,.....-1,0,1.....4|

e Spin quantum number (s)=+%, -¥%

o Number of orbitals in subshell = 21 + 1

e Maximum number of electrons in particular

subshell = 2(21 + 1)

e Orbital angular momentum L =—\2}; I+ 1D =m/lll+1)

h
° =—

21

Molar Mass Formula

The formula for molar mass are as stated below

Description

Formula

Molar mass

M is the molar mass,
m is the mass of a substance (in grams),
n is the number of moles of a substance.

Molar mass of an
element

Molar mass = Molar mass constant x Relative atomic mass

molar mass from M = AT
colligative properties Kk,

data

When elevation of ATbh = Kbm

boiling point is given

m= 1000 xw2 / wl x M2
ATb = Kbx 1000 xw?2 / wl x M2

When depression of
freezing point is given

ATf = Kfm
ATf = Kfx 1000 xw2 / wl x M2




wx1000

Molarity —
M (Mol. wt of solute)xV
inml
Molality number of moles of solute 1000xw,
m = , x1000 = ————
mass of solvent in gram M xw,
Average atomic mass 4 = ax +ax, +..tax
x__ 100
Mean molar mass M = Mn +Mn +..Mn
avg n1+n2+....n
n

Stoichiometry Formula

The formula for stoichiometry are as stated below

Description

Formulas

Relative atomic mass

Relative atomic mass (R.A. M) =

Mass of one atom of an element

1
<7 Xmass of one Carbon atom

density of the substance

Density Specific gravity = , -
density of water at4 C
For Gases: . mass — Molar mass of the gas
Absolute denSlty volume Molar Volume of the gas
PM
=P =gy
PM 405 M
. _ gas___ RT. gas
Vapor density V. D.. = —*= = —— =
H, Ha H,
Rt
M =2V.D
gas
Molarity (M): - = wx1000
Molarlty(M) (Mol. wt of Solute)meml
Molality (m): . number of moles of solute w
y (m) Molality = [ moles of x1000 = 1000—2
mass of solvent in gram M1W2
% Calculation o/ W __massof solute in gm
Yo —= — x100
w  massof solution in gm
oW Mass of solute in gm
% v Volume of solution inml X100
oY — Volume of solute inml
" v Volume of solution X100
Average/ Mean atomic 4 = ax tax,tta X,
mass: x 100
Mean molar mass or M _ TllM1+n2M2+...nnMn
molecular Mass avg nnAn+.n
NormaIity (N) Normality(N) — Number of equivalents of solute

Volume of Sodium( in liters)

Total number of




Measurement of
Hardness

mass of CaC0, y 106

Hardness in ppm= Total Mass of water

Molarity in mole

MM x1000
2 px1000—MM,

Fraction

Mole Fraction into x,x1000
. m = m

molality * My

Molality into mole y = mM,

fraction

2~ 1000+mM,

Molality into molarity — _mpx1000
M 1000+mM,

Relation between m = —Mx1000
1000p—MM,

molarity and molality

Where p is the density of solution in (gm/mL).
M1 is molecular weight of solute

m is the molality and M is the molarity

Y-Map . W
\4’4: *rﬂq‘ S
mol. wt.| [* mol. wt.
At.wt. | |>* At wt.
Part 2

Thermodynamics Formulas

The formula for thermodynamics are as stated below

Description

Formula

Various processes in
Thermodynamic

Isothermal process: T = constant
dT=0
AT=0

Isochoric process: V = constant
dv=0
Av=0

Isobaric process: P = constant
dP=0




AP
Adiabatic process: g =0

0

or the heat exchange with surrounding is zero

Sign convention

When work is done on the system: Positive
When work is done by the system: Negative

Laws of
Thermodynamics

e 1% law of Thermodynamics
AU = (U,-U) =q+w

2" law of Thermodynamics
AS

universe system surrounding

This equation is for spontaneous processes.

3" law of Thermodynamics
S—S,=ksInQ

S is the entropy of the system.

SO is the initial entropy.

kB denotes the Boltzmann constant.

Q refers to the total number of microstates that are
consistent with the system’s macroscopic configuration.

Law of Equipartition
Energy

U = -ZLnRT
_ L
AE = LnRr(am)

Where, f is degrees of freedom for that gas.

Total heat capacity CT — % — %
Molar heat capacity C = % — %

Cp ~ Y\fl Cv ~ Y_fl
Specific heat capacity | g = mAAqT — n‘i;lT
Application of 1 Law | AU = AQ + AW

of Thermodynamics

= AW=-PAV (.~ AU=AQ-PAV)

i %
Isothermal Rever5|bl.e W =— nRTin [—
expansion/compressio v,
n of an ideal gas
Reversible/irreversible | SincedV = 0
isochoric processes So, dW =— Pext. dv =0
Reversible isobaric W = P(Vf — Vl_)
process
Adiabatic reversible A R
expansion 22 11
Reversible work W = PV,~PV,  nR(T,-T)
— y—1 - y—1
i PV —PV nR(T T
Irreversible Work W= 22 11 (T, J—nC(T —T)=—P (V —V)
y—1 y—1 v\ 2 1 ext\ 2 1




Gaseous State Formula

The formula for gaseous state are as stated below

Description Formula
Temperature
conversion from =0 _ _K-273
. . 100—0 373—-273
Celsius to Kelvin
Temperature
conversion from Kelvin k—273 _ _F=32
373-273 212-32

to Fahrenheit

Boyle’s Law and

At constant temperature,

Measurement of Voc%
pressure _

P1V1 - P2V2
Charles Law At constant pressure,

4

v
VT Or— = =~
Tl TZ

Gay-Lussac’s Law

At constant Volume,

P
PxT —* = —* Temp on absolute Scale
1 2

Ideal gas Equation

PV = nRT
PV =-LRTor P = %RToer — dRT

Dalton's Law of Partial
Pressure:

anT

nZRT
1 v Pz v
Total Pressure=P1 + P2 + ..

Partial pressure = Mole fraction X Total Pressure

Average Molecular
mass of gaseous
mixture

Total mass of mixture _ MMM,

M

mix Total no. of moles in mixture nl+nz+n3

Graham’s Law

Rate of Diffusion rocL; d= density of gas

\/E




T, \/d71 \/M71 V.D1

(P+ m;)(v—nb)anT

v

Van der wall’s Equation

Where
‘P’ is the pressure
‘a’ and ‘b’ are the gas constants
‘V’ is the molar volume
‘R’ is the universal gas constant
‘T’ is the temperature
‘n’ is the number of moles

Relation between VC = 3b
molar volume (V) and
gas constant (b)

Relation between p =2
Pressure (P) and gas
constant (a) and (b)

Relation between T =

temperature (T) and ¢ 27Rb
gas constant (b)
Kinetic Theory of Root mean Square speed
Gases
u = iﬂf Molar mass be in kg/mole
rms

Average speed
U =U1+U2+U3+ ...UN

avg
8RT 8KT .
U =+/——=+/—— KisBoltzmann Constant
avg M nmm

Most Probable Speed

U = [2RT _ [2KT
MPS M m

Chemical Equilibrium Formula

The formula for chemical equilibrium are as stated below

Description Formula
At Equilibrium: Rate of forward reaction = rate of backward reaction
AG =0
Q=K,
Equilibrium constant ( __ rate constant of forward reaction _ i
K): " rate constant of backward reaction Kb




Equilibrium constant in

) — K = 2 b

terms of concentration K, ¢ [A]'[B]
(Kc):
Equilibrium constant in TP,
terms of partial Kp - [p ]a[p ]b

A B
pressure (Kp):
Equilibrium constant in XX
terms of mole fraction Kx T ox

A B

(K ):

Relation between Kp &
K :

C

An
K =K_.(RT)

Relation between Kp &
K :

X

An
K =K(P)

;| 11
~ 2.303R T, T

Here AH = Enthalpy of reaction

KZ
loglog -
1

between equilibrium
constant & standard
free energy change

AG =— 2.303RTlog = K

Reaction Quotient(Q):

Degree of Dissociation

(or):

__ number of moles dissociated

initial number of moles taken

Vapor Pressure of
Liquid:

Partial pressure of H20 vapors

Relative Humidity =

Vapor pressure of H20 at the temperature

Thermodynamics of
Equilibrium:

AG = AG° + 2.303 RTQ

Van't Hoff equation

;i
~ 2303R

K
loglog —— TL—TL
2 2 1

lonic Equilibrium Formula

The formula for ionic equilibrium are as stated below

Description

Formula

Ostwald Dilution Law:

e Dissociation constant of weak acid (Ka),




2

K = [H)[a7] _ [codCa]l _ Ca
a  HA =T Cl-a) = 1-«a

If a1, then1l — a=1or Ka = coc2

(xz\/?zJKaxV

Similarly for a weak base,

K,

«="\7

Higher the value of Ka/Kb, stronger is the acid/base

Acidity and pH scale

pH =— log a .

Here as is the activity of H' ions = molar concentration
for dilute solution

pH =— log [H+] [H+] =10""

pOH =—log[OH | [0H —]=10""

pKa =-log Ka Ka = 10"

pKb =— log Kb Kb =10""

pH Calculations of
Different Types of
Solutions:

Strong acid solution:

If concentration is greater than 10_6 M

In this case H_ ions coming from water can be neglected,
If concentration is less than 10_6 M

. +. .
In this case H ions coming from water cannot be
neglected
Strong base solution:

Using similar method as in part (a) calculate first [OH ]
and thenuse [H' ]| x [OH ] = 10"

pH of mixture of two
strong acids:

Number of H+ ions from I-solution = N1V1

Number of H+ ions from lI-solution = N2V2

+ NVANY,
H)= N =22
1] T

pH of mixture of two [OH_] _ N = NV NV,

strong bases: V.V,

pH of mixture of a
strong acid and a
strong base:

if N1V1 > szz’ then the solution will be acidic in nature.
So,
NV,-N,V,

[H+] =N = VAV,




o |f N2V2 > N1V1, then the solution will be basic in nature.

So,
_ NV -NV
_ 272 11
[OH ]_ N = vV +V
1 2
pH of a weak K = [ ][om) _ co’
acid(monoprotic) a [HA] 1-a
solution: If ak1=(1 — =1 ,
K =Ca
a
Ka
a = -
Herea < 0.1 0r 10%
Relative Strength of e
two acids: [H+]furnished by I acid — €1% — a1
[H+] furnished by Il acid €%, kazcz

Hydrolysis of
polyvalent anions or
cations

For |[Na,PO,| = C
K XK _ =K
al h3 w
KaZ X Khz - Kw
K XK =K
a3 hl w
Generally, pH is calculated only using the first step hydrolysis
ch’ 2

K =1thh

h = \/7 = [OH | = ch = Kxc:>[H] w/

:—[pK +pK + loglogC]

Buffer Solution:

e Acidic Buffer: e.g., CH3C00H and CHgCOONa (weak
acid and salt of its conjugate base)
[salt]
pH — pK_+ log log Acid]
® Basic Buffer: e.g., NH40H + NH4Cl (weak base and salt
of its conjugate acid)
_[Salt]

pOH = pK + loglog ——- Base]

Solubility Product:

K =)o) = x5 o

Charles's Law

The formula for Charle’s law are as stated below




Description

Formulas

Charles’ law is
expressed as

4

v
L __2
VaT or =T
Where V, and V, are initial and final volume and T1 and T2 are

initial and final temperatures.

Derivation of Charles’
law

= constant = k

v
—=k —- () and ===k ————~ (ID)

Where V1 and T1 are initial volume and temperature and V2 and

T2 are the final volume and temperature.

Equating equations (1) and (Il),
% 4
Lz

Tl TZ

Hence, we can generalize the formula and write it as:
v) W)
Ty — (T)

Gay-Lussac’s Law

At constant volume,

PxT
Pl PZ
T, T,
Ideal gas Equation PV = nRT

PV = %RT Or Pm = dRT

Boyle’s Law

At Constant Temperature
Vo=
P
P1V1 ~ szz

Amagat’s Law of
partial volume

V=V1+V2+V3+...Vn

Part 3

Electrochemistry Formula

The formula for electrochemistry are as stated below




Description

Formula

Gibbs Free energy

change

o AG =— nFE

cell

— nFE°

cell

° AGO

Nernst Equation

Effect of concentration and temp on emf of cell
where Q is reaction quotient

AG = AG’ + RTInQ

AG’ =— RTInK
eq

0 RT
Ecell T Teell nF In Q
0 2.303RT
cell Ecell nF lOg Q
0 0.0591
cell ~ " cell n lOg Q

e At chemical equilibrium

AG = 0; E =0

cell

cell

log Keq =

0.0591
0 _ 00591
cell n lOg Keq
e For an electrode:
_ 0 _ 2.303RT n+
EM"*/M = EM"*/M — log1/[M ]

Concentration Cell

o =
cell

e Electrolyte Concentration cell
2+ 2+
(eg., Zn(s)/Zn (cl)||Zn (cz)/Zn(s) ):

c
_ 0.0591 2
E =—"log c,

e Electrode Concentration Cell
(e, Pt, H (P atm) /H (1 M) /H (P, atm)/Pt):

0.0591 P

2 P
2

E =




Faraday’s law of

e First law:

electrolysis: The amount of chemical reaction (w) is proportional to the
quantity of electricity passed (q) through the electrolyte.
W X q
w = zq
w=1Z
Here Z is Electrochemical equivalent of substance
e Second law:
WE
w
— = constant
w w w
_1 = 2 = = L
E E E
1 2 n
W _ _ixtxXcurrent ef ficiency factor
E 96500
, . _ actual mass deposited
current efflClenCy " Theoretical mass deposited X100

Resistance

e Specific conductance or conductivity: K = %

Here, K is specific conductance

. Kx1000
° A= ——
Equivalent conductance: AE Normality
Kx1000
e Molar conductance: A = ———
m Molarity

s !
e Specific conductance = conductancex—

Application of

Kohlrausch law

. 0
e C(Calculation of 7\M of weak electrolytes:

0 .0 420 0
M (CH,COOHI) ~ "M (CH,COONa) M (HCI) M (NaCl)

e To calculate degree of dissociation of a weak electrolyte




e Solubility of sparingly soluble salt & their Ksp

Cc

4 1000
?\M =A k

o
- solubility
2
K =S8
sp
e Transport Number:

t = e t = o
c w7 Ta | et

® Here tC is Transport Number of cation and ta is the transport

number of anion.

Ideal Gas Equation Formula

The formula for ideal gas are as stated below

Description Formula
Ideal gas law is PV=nRT
expressed as: where,

P is the pressure

Vis the volume

n is the amount of substance
R is the ideal gas constant.

Derivation of Ideal | Ideal gas law combines three laws:
gas law e Boyle’s Law: Vec1/P

® Charles' Law: VocT

e Avogadro’s Law: Vecn

Combining these above three Equation we get

nT
Ve >

The above equation shows that volume is proportional to the
number moles and the temperature while inversely proportional to
the pressure.

This expression can be rewritten as follows:

RnT
V= P

Multiplying both sides of the equation by P to Clear off the fraction,
We get

PV = nRT
The Above equation is known as the ideal Gas Equation.

Molar From of n = %, m= total mass of the gas, M=Molar mass
PV = nRT




Densityp =

v

pV =——RT ,
m RT R
p=—— P=p73T

Combined Gas law PV, _ PV,

can be Stated as .o T

If we want to use N PV = Nk T

number of

molecules instead

of n moles, we can

write the ideal gas

law as

The energy E = %nRT

possessed by the
gas is in the kinetic
energy of the
molecules of the
gas

Avogadro's
Constant

Avogadro’s Constant (N,) is the ratio of the total number of

molecules (N) to the total moles (n).

Diffusion Formula

The formula for diffusion are as stated below

Description

Formula

Diffusion Formula

Qs =— DS ds/dx
Where QS is the rate of movement of matter, momentum or energy

through a unit normal area.
— Ds is the diffusion coefficient.

ds/dx is the gradient of mass,momentum or energy in the medium.

Graham’s Law

Rate of diffusion roc——

\Jd
D= Density of Gas

r
L
r
2




Van der Waals
Equation

2

Critical Constant

Graham'’s Law for
comparison
between two
Gases

(P + ‘;”2 )(V — nb) = nRT
— — 2 — _8a_
V,=3b P =—= T =50
rGas A — (MGas B)7
B -
rGaS (MGasA)

De-Broglie’s Formula

The formula for De-Broglie are as stated below

Description Formula
The de-Broglie’s A=h/my,
Equation Where A is wavelength, h is Planck's constant, m is the mass of a

particle, moving at a velocity v.

Derivation of
De-Broglie’s
equation

e Plank’s quantum theory relates the energy of an
electromagnetic wave to its wavelength or frequency.

E=hy=="5..(1)

Einstein related the energy of particle matter to its mass and
Velocity, as

2
E = mc ... (2)
As the Smaller particle exhibits dual nature, and energy being the
same, de Broglie Equation as

hc

2 h
= =mv then, - = mv

This is the momentum of a particle with its wavelength and this
equation is known as De-Broglie’s Equation.

De-Broglie’s
Wavelength

h h h
A== — R R

mv momentum p

Relation between
de Broglie Equation
and Bohr’s
Hypothesis of
Atom:

mv =2 or mur = nX(L
- - 21

21r

Thermal De-Broglie
Wavelength

The thermal de Broglie wavelength (Ath) is approximately the
average de Broglie wavelength of the gas particles in an ideal gas at
the specified temperature.



https://www.thoughtco.com/definition-of-mass-604563

where,
h = Planck constant,

m = mass of a gas particle,

kb = Boltzmann constant,

T = temperature of the gas,

)\ L
th ~f2mmk, T

De Broglie’s in
terms of kinetic
energy




