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CHAPTER 1
Basic Mathematics and Logarithm

Logarithm

DEFINITION

log,x =y <— da’ =z, a>0,a#1, >0

PRODUCT AND QUOTIENT

m
log,(mn) = log, m + log,n,  log, e log, m —log, n

POWER

k 1

log, m" = klog, m, log, m = T log, m
CHANGE OF BASE
log, m
log, m = Tog, @ log,b-log,a =1

INVERSE

alogaa: =z, alogbc — clogba

INEQUALITIES

a>1:log,z >log,y <= = >y >0; 0<a<l:log,z>log,y <= 0<z<y

Inequalities and modulus

MODULUS
T x>0
[ =47 o VEri=|z|
—z, <0
MODULUS INEQUALITIES
|z| < a <= —a<z<a, lz| >a <= z< —aorxz>a (a>0)
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TRIANGLE INEQUALITY

[la| = [b]| < |a+b] < |a] + [

WAVY CURVE METHOD
(z—a1)(z—a2)- -

Mark the roots on a number line; the sign alternates between consecutive roots (a root of even power does not change the sign). Exclude the b;.

>0
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CHAPTER 2
Quadratic Equations

Roots and coefficients

ROOTS

—~b++D

ar’ +br+c=0 = z = ,
2a

SUM AND PRODUCT

b c
O‘+ﬂ:_ga aﬁ:E, la—B| =

EQUATION FROM ROOTS

> — (a+p)z+aB=0

cuBIC

Nature of roots

D > 0 : real, distinct; D = 0 :real, equal; D < 0 : non-real (conjugate pair)

RATIONAL COEFFICIENTS

D a perfect square = rational roots; irrational roots occur in pairs p £+ ,/q

Common roots

ONE COMMON ROOT

D =b® — 4ac

=I5

al

C d

b

3 2

+bx"+cx+d=0: E _——,E = _Z
ax x° + cx Q - af - afy -

(Claz — 62(11)2 = (albz — azbl)(blcz — bzcl)

BOTH ROOTS COMMON
ay by @]
az by e
Location of roots
VERTEX
b

f(z) = ax? 4+ bz + c: vertex at z = —2—,
a

BOTH ROOTS GREATER THAN K

D

fmin/max = _4(1,

D >0, a f(k) >0, —— >k
2a
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BOTH ROOTS LESS THAN K

K LIES BETWEEN THE ROOTS
EXACTLY ONE ROOT IN (K, K))

BOTH ROOTS IN (K, K,)
b
D >0, af(k:l) > 0, af(k2) >0, k1 < —% < ko

Sign of a quadratic

ar’ +br+c>0Vz €eR <= a>0,D<0; <0Vx < a<0,D<0
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CHAPTER 3
Sequence and Series

Arithmetic progression (AP)

NTH TERM

SUM

Sn =520+ (n-1)d] = F(a+1)

THREE TERMS

a,b,cin AP <— 2b=a+¢; takea — d, a, a +d

ARITHMETIC MEAN

b b—a
A:a'+ ; n AMs between a,b: d =
2 n—+1
Geometric progression (GP)
NTH TERM
T, = ar™!
SUM
a(r" —1
S= "D (L) S =2 (] <)
r—1 —
GEOMETRIC MEAN
2 b\ w1
a,b,cin GP <— b” = ac; G = Vab; nGMs:r:<—>
a
Harmonic progression and means
HP
) 111, 2ac
a,b,cinHP <— —, -, - in AP < b=
a' b’ c a+c

AM =2 GM 2 HM

A>G > H (a,b>0), G? = AH (two numbers)

AM-GM FOR N NUMBERS

a a DY a
Lhap o an > Yaiasy - - - a,, equality iff all equal
n
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Special series

NATURAL NUMBERS

3 _n(n+1) 5 n(n+1)(2n+1) _ rn(n+1)72
e DY D Y

AGP SUM TO INFINITY

9 _a dr
a+ (a+d)r+ (a+2d)r+--- = 1—r+(1—r)2 (Ir] <1)

METHOD OF DIFFERENCES

T = f(k) — f(k—1) = Y T = f(n) — f(0)
k=1

If the differences of successive terms form an AP or GP, write 77, as a polynomial or exponential in n first.

Physics, Chemistry and Maths notes together
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CHAPTER 4
Complex Numbers

Basics, conjugate and modulus

FORM
z=gz+iy, i°=—1,
CONJUGATE
2Z2= 2>, Tz =745,
MODULUS
Al ‘Zl‘
|21Z2| = |Z1||Z2|, =
zZ92 |Z2|
POWERS OF |

Z‘4k — 1’ i4k+1 — 'i,

Polar form and argument
POLAR / EULER FORM
z =r(cos@ + isinf) = re,

ARGUMENT RULES

arg(z129) = arg z; + arg 2o, .

De Moivre's theorem and roots of unity

DE MOIVRE

42

21
arg — = argz; — arg 2o

zZ=x — 1y,

2| = Va? +y?

2122 = Z1Z2,

|Zl + 22|2 = ‘Zl|2 + |22|2 + 2Re(z122)

_1, i4k+3 S

r=|z|, § =argz € (—m, 7|

(mod 2m), argz = —argz

(cos @ + isinf)" = cosmnb + isinnb

CUBE ROOTS OF UNITY

1, w, w W= _1+T“/§’

NTH ROOTS OF UNITY

zr=¢enr , k=0,1,...

Geometry and rotation

DISTANCE AND SECTION

z1 — 29| =distance;
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ROTATION

A3 A1 |23 — 21 0
| |20 — 21
0 is the angle from z, — z; to z3 — z; (anticlockwise).
CIRCLE
zZ— Z . . :
|z — 2| = 15 ‘—‘:k(k;«él)lsamrcle,k:lahne
Z — Z9
COLLINEAR POINTS
z3 — 21 R
22 — 21
TRIANGLE INEQUALITY
|[21] = |z2]| < |21 + 22| < |21] + |22

Unlock the full PadhoNa Test Series
Every chapter-wise JEE Main test on the real exam screen, with full solutions and automatic analysis. Plans from ¥99 a month.
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CHAPTER 5
Permutations and Combinations
Counting basics
PERMUTATIONS AND COMBINATIONS
n! n!

"p=—" ", =

(n—r)l’ r(n—r)!

PROPERTIES

n _n n n _ n+l n . n—1
Cr - Cnfr) Cr + Crfl - Cr7 r Cr =n Crfl

WITH REPETITION

arrangements of r from n with repetition= n"

IDENTICAL OBJECTS

|
+ (p alike, q alike, .. .)
plqglr!...
Circular permutations
—1)!
(n — 1)! ways; % if clockwise and anticlockwise are the same (necklace)

Selections and distribution

TOTAL SELECTIONS

"Co+"Cy+---+"C, =2 at least one: 2" — 1

ALIKE OBJECTS

(p+1)(g+1)(r + 1) — 1 selections from p, g, r alike objects (at least one)

N IDENTICAL INTO R GROUPS

"rolC, 4 (empty allowed), " 'C,_1 (none empty)

NON-NEGATIVE INTEGER SOLUTIONS

-1
ri+zot--taz=n: "TC

DISTINCT INTO GROUPS

m —+n)! 2n)!
R A gy (o sualgrou
NUMBER OF DIVISORS
N =p{ps*---: (a;+1)(ag+1)--- divisors
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Derangements

1
Dn:n!<1—1—+———+---—|——

D1=0,D2=1, D3 =2, Dy =9, D5 = 44.

PadhoNa Pro Maths notes
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CHAPTER 6
Binomial Theorem

Expansion and general term

BINOMIAL THEOREM

n
(x + a)n . N E nCr " Ta’
r=0
GENERAL TERM

Tr+1 — nCr 2" "a"

MIDDLE TERM

neven: Tha1; nodd: Tnu, Ths
7 +1 TRl 5

TERM INDEPENDENT OF X

put the power of x in T}, equal to 0

GREATEST COEFFICIENT

neven: "Cy; nodd: "C,_1)/2 = "Clni1)2

Binomial coefficients

SUMS

n

Y "Cr=2", Co+Cht--=Ci+Cst---=2""1
r=0

WEIGHTED SUM
n
Z r"C, =n2"!
r=0

SQUARES

VANDERMONDE

NUMBER OF TERMS

(z+a)": n+1; (¢1 + -+ x)": "0,
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Any index

-1
(1+m)”:1+nx+%x2+---, lz| <1, neQ
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CHAPTER 8
Matrices and Determinants

Matrix basics
TRANSPOSE

(AT =4, (AB)T =BTAT

SYMMETRIC / SKEW

AT = A symmetric; AT = — A skew-symmetric; A= %(A + AT) + %(A — A"

TRACE

tr(A+ B) =trA+trB, tr(AB)=tr(BA)

SPECIAL MATRICES

A? = A idempotent, AF = O nilpotent, A? = I involutory, AAT = I orthogonal

Determinants

PROPERTIES

|AT| = |4], |AB| = |A||B|, |kA| = k"|A| (Aisn x n)

ROW OPERATIONS

swap two rows: sign changes; two equal rows: |A| = 0; R; — R; + kR; : no change

AREA OF A TRIANGLE

1 1 Y1 1
A = — [T Y2 1
r3 y; 1
Adjoint and inverse
INVERSE
-1 adJA
= . |Al£0
] A
ADJOINT
A(adjd) = (adjA)A = |A|I,  [adjd| =|A|"!,  adj(adjd) = |4]" %4
RULES

1
(AB)'=B'4t, |ATY= Ay adi(4B) = adiBadiA
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Systems of linear equations

CRAMER'S RULE

A Ay A
T = A I y - A ) z = A
CONSISTENCY
A # 0 : unique solution; A = 0, some A; # 0 : no solution;

A = A; = Ay = A3z = 0 : infinitely many or none

HOMOGENEOUS

AX =0: A#0=only X =O0; A = 0 =non-trivial solutions

Unlock the full PadhoNa Test Series

Every chapter-wise JEE Main test on the real exam screen, with full solutions and automatic analysis. Plans from ¥99 a month.
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CHAPTER 9
Trigonometric Ratios and Identities

Basic identities

PYTHAGOREAN

sin? 0 + cos® 0 = 1, 1+ tan® @ = sec® 6, 1+ cot?0 = csc? 6

ALLIED ANGLES
sin(m — 0) = sin @, cos(m — 0) = — cos b, sin (2 — 0) = cosf

ASTC: all ratios positive in quadrant I, sin in Il, tan in Ill, cos in IV.

Compound angles

SINE AND COSINE

sin(A+ B) =sin Acos B+ cos Asin B,  cos(A+ B) = cos Acos B F sin Asin B

TANGENT

tan A &+ tan B
1 F tan Atan B

tan(A £+ B) =

PRODUCTS

sin(A 4+ B)sin(A — B) =sin® A —sin® B,  cos(A4 + B) cos(4A — B) = cos> A —sin’ B

Multiple and sub-multiple angles

DOUBLE ANGLE

2tan A
sin2A:ZSinAcosA:—1+?n2A, cos2A = cos’ A —sin?A=1—2sin’?4 =2cos?2A4A—1
an
2tan A 1—tan? A
tan24 = ———— -
an 1—tanZ A’ cos 24 1+ tan? A

TRIPLE ANGLE

3tan A — tan® A

sin3A = 3sin A — 4sin® A4, cos3A =4cos® A —3cos A, tan3A =

1—3tan? 4
HALF ANGLE
.9A 1—cosA s A 1+ cosA A 1—cosA
sin® — = ———| cos® — = ————, tan — = ————
2 2 2 2 sin A
Sum-product formulas
SUM TO PRODUCT
C+ D C—-D C+D C—-D

sinC' + sin D = 2sin 5 cos , cosC + cos D = 2cos 5 cos

2 2
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C+ D C—-D C+ D C—-D
sinC — sin D = 2 cos —; sin 7 cosC —cos D = —2sin -|2- sin 5

PRODUCT TO SUM

2sin Acos B =sin(A+ B) +sin(A— B),  2cos Acos B = cos(A + B) + cos(A — B),

2sin Asin B = cos(A — B) — cos(A + B)

Standard results

VALUES

tan15° = 2 — V3, si1118°:\/5_1 cos36°:\/g+1

sin 15° = ,
2v/2 4 4

PRODUCT OF COSINES

in2" A
cos Acos2Acos4A---cos2” 1A = S -
2" sin A
SINES IN AP

n—1 . Qﬁ

sin 1
Zsin(a +kB) = 2 gin <a + U)

sin £ 2
k=0 2

Same for cosines with cos in place of the last sin.

THREE-ANGLE PRODUCT

sin 0 sin(60° — ) sin(60° + ) = } sin 30
Conditional identities (A+ B + C =)

tan A+ tan B 4+ tanC = tan Atan Btan C

sin2A4 + sin 2B + sin 2C = 4 sin A sin B sin C

A . B . C
cosA+cosB—|—cosC:1+451n551n551n5

Maximum and minimum
—v/a?2+ b2 < asinf +bcosf < v/a? + b2

asin’® § + bcos® § € [min(a,b), max(a, b)]
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CHAPTER 10

Trigonometric Equations

General solutions
e
P

sinf =0 = 0 = nm; c039:0:>9:(2n+1)2 tan =0= 0 = nr

sinf =sina = 0 =nr + (—1)"«

cosf = cosa = 0 = 2nw + a; tanf = tana = 0 = nw + «

sin? 6 = sin® @, cos?@ = cos’ o, tan’f = tan’a = 6 = n7 + o

In all of these, n € Z.

acosO+bsinB=c

divide by v/ a? + b2 : cos(f — ¢) = ﬁ, tan ¢ = E
a

Solvable only when |c| < Va2 + b2.

Principal values and inequalities

PRINCIPAL SOLUTION
solutions in [0, 27)
INEQUALITIES

solve on one period using the graph, then add the period

Example: sinz > 1 = z € (2nm + Z, 2nw + 22).

Physics, Chemistry and Maths notes together
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CHAPTER 11
Inverse Trigonometric Functions

Domains and principal ranges

-1 T -1
sin""z: [-1,1] — [—5 —], cos “z: [—1,1] — [0, 7]
_ Ly
tanlsz%(—E,E), cot 'z: R— (0,m)

sec 'z |z[ 21 [0,7]\ {5}, esclz:fz>1—[-5,5]\{0}

Properties

COMPLEMENTARY
1

Y

. 1 -1, _ T ~1 -1 _ T ~1 -1 _
sin - x + cos m—§ tan "~ x + cot a:—a, sec ~x + csc x—z

NEGATIVE ARGUMENTS
1

sin '(—z) = —sin 'z, tan !(—z) = —tan 'z, cos '(—z) =7 —cos ',

cot '(—z) =7 —cot 'z

RECIPROCAL
-1 a1l —1 a1 —1 a1
csC " =sin = —, sec ~x =cos = —, cot "z =tan - — (z > 0)
T T T
COMPOSITIONS
sin(sin 'z) =z (Jz| <1); sin '(sinz) =z onlyforz € [— I, ]
Sum and difference
T+
tan 'z + tan ! Y= tan ! l—y (zy < 1)
Ifzy > 1and z,y > 0, add 7.
:B —
tan 'z —tan 'y = tan "’ ] J (zy > —1)
+zy
DOUBLE
2z 2z 1—z?
2tan 'z —tan ! ——— =gsin! = cos 0<z<l1
nor 1— 22 1+az2 % 1122 O<e<1)

1 1-—2®

For —1 < z < 0 the first two still hold; the cos™ form becomes — cos™ r

PadhoNa Formula Sheet - www.padhona.com
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TELESCOPING
_1 Op41 — Qg

— tan ! ap4+1 — tan~! ak
1+ apag1

tan

Write the general term this way to sum series of tan~! terms.
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CHAPTER 12

Solutions of Triangles

Sine, cosine and projection rules

SINE RULE

COSINE RULE

PROJECTION

NAPIER'S ANALOGY

Half angles and area

HALF ANGLES

a b AT C
sinA sinB sinC

2R

b+ —a?

A=
cos Sbe

a=bcosC +ccosB

B-C b-c A
= cot —
2 b+c 2

tan

_ atbtc
s = -

— = tan — =
be ’ & 2 be ’ 2

A \/(s—b)(s—c) A s(s —a) A \/(S—b)(S—C)

s(s —a)

AREA
1 abe
A - _b i A — - - b — = —_— =
5 besin V/s(s —a)(s —b)(s — c) Y R
Circles of a triangle
CIRCUMRADIUS
R_ a abc
- 2sind 4A
INRADIUS
_A_ tA—4R'A'B'C
r—s—(s—a) an - = sin - sin — sin o
EXRADII
A A 1 1 1
ry = = stan —, —+—+ — = -
s—a 2 1 Ty T3
DISTANCES

OI* = R*> — 2Rr, distance of orthocentre from A = 2R cos A

PadhoNa Formula Sheet - www.padhona.com
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MEDIAN

1
my = 5\/21)2 + 2¢2 — a?
m-n rule

(m+n)cotd =mcota —ncotf =ncot B—mcotC

D divides BC in the ratio m : n; 6 is the angle ADC, o« = /BAD, B = Z/DAC.

Heights and distances

) height
tan(angle of elevation) = horizontal distance

Draw the figure, mark right angles, and use the sine rule in non-right triangles.
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CHAPTER 13
Sets and Relations

Sets

UNION AND INTERSECTION

n(AUB) =n(A) +n(B) —n(AN B)

THREE SETS
n(AUBUC) =) n(4)—)» n(ANB)+n(ANBNC)
DE MORGAN
(AUB)Y =A'nB', (AnB)=AUPB
DIFFERENCE
A—-B=AnB', n(A-B)=n(A)—n(ANB)
POWER SET
n(A) =m = n(P(A)) =2"
Relations

NUMBER OF RELATIONS

n(A) =m, n(B) =n: 2™ relations from A to B

TYPES

reflexive: (a,a) € RVa;  symmetric: (a,b) € R = (b,a) € R;

transitive: (a,b), (b,c) € R = (a,c) € R

COUNTS ON A SET OF N ELEMENTS

. 2_ . n(n+l
reflexive: 2" 7",  symmetric: 2" 2

EQUIVALENCE RELATION

reflexive+symmetric+transitive
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CHAPTER 14
Functions

Types of functions

COUNTING

|A| =m, |B| =n: n™ functions;  "P,, one-one (n > m)

ONTO FUNCTIONS

n
Z(—l)k "Cy (n — k)™ onto maps from m to n elements
k=0

BIJECTION

one-one and onto; n! bijections when |A| = |B| =n

Special functions

GREATEST INTEGER

[x]<x<[$]+1, [w—i-n]:[x]—}—n(nez), [w]+[_$]:{0, r €L

FRACTIONAL PART

{2} = — ] € 0,1)

SIGNUM
_ Il _
sgnm—?(m#()), sgn0 =0
Even, odd and periodic
_ f@)+f(=x) | fl@)-f(==)
f(-2) = f(w)even;  f(-a) = —f(@)ods; TET 2T T
even odd

PERIODS

sinz,cosx : 2m; tanz : |sinz| : m; {z}: 1; flax +b): —

lal

Composite and inverse

(fog)(@) = flg(z)), (fog)'=glof", f(f'()=2

f~! exists only if f is a bijection; its graph is the mirror image of f in y = .
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CHAPTER 15
Limits

Standard limits

sin x . tanz . 1 —coszx 1
lim =1, lim =ik, lim ——— = -
0 z—0 T z—0 x2 2
e —1 a® — In(l1+=x
lim =1, lim =lna, lim u =1
z—0 €T z—0 €T z—0 x
lim =— = na" !, lim (L+2) =n
r—a T — QA

17~ form

lim f(z) =1, limg(z) = co = lim f(x)g(””) — elimg(z) (f(z)-1)

T—a

lim(1+2)"" =e,  lim (1 - 9>w — ¢°
Hi

z—0 —00

Expansions and L'Hospital's rule

SERIES
2 2 3
T __ - — - — —_ .
e —1+:1:+2'—|— , In(l+z)== 5 T3
3 2?2 ! T
smx:x—g—k---, coswzl—a%—z—---, tanr =z + — +---
L'HOSPITAL

mM :limM

9(z) g'(z)
RATIONAL FUNCTION AT «
m 0, m<n
a a‘: o o e
\ 0 = aO/bO’ m=n
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CHAPTER 16

Continuity and Differentiability

Continuity

f continuous at a <= lim f(z) = lim f(z) = f(a)

T—a~ r—at

sums, products, quotients (denominator # 0) and compositions of continuous functions are

continuous

INTERMEDIATE VALUE THEOREM

f continuous on [a, b], f(a)f(b) < 0= f(c) = 0 for some c € (a,b)

Differentiability

LHD=RHD

9

1oy i @t h) — fla)
f'(a) = lim y

h—0

differentiable=-continuous; not conversely (e.g. |z| at 0)

COMMON CHECKS

|f(z)| may fail where f(x) = 0; [z] discontinuous at integers
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CHAPTER 17
Differentiation

Standard derivatives

d d d 1

— " = nz" 1, —e" = €", —a” =a®Ina, —Inz=—

dz dx x dx x

(sinz)’ = cosx, (cosz) = —sinz, (tanz) = sec’z, (secz) =secztanz, (cscz) =
—csczcotz, (cotz) = —csc’z
1 1 1
o —1 ! -1 l -1 l

sin"'z) = ——— cos ' x) = ——— tan =
Ena) = = A =m0 ey

Rules

b , u\'  u'v—u dy dy du
(wo)’ = w'v +uv, ( ) 2 de du dz

PARAMETRIC

@ _ dy/dt d*>y d /dy\ /dx
de  dz/dt’ Gz %( )

LOGARITHMIC

/ !
y=u’ = Y 'lnu+ 28
IMPLICIT
dy F,
Flz,y)=0 = X - =
(z,y) iz~ F,

Higher derivatives

LEIBNIZ

n

(w0)® = 3" uPplH)

k=0

n

dx™

sin(az + b) = a" sin (ax +b+ %)
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CHAPTER 18
Application of Derivatives

Tangent and normal

TANGENT
dy
Yy—uy :m(m—ml)a m = <E)(m )
NORMAL
1
y—y=-——(z—x)
m
ANGLE BETWEEN CURVES
m; —m
tanf = L 2 ; orthogonal if mymy = —1
+ mima
Rate of change and approximation
dVv.dV dr
- . Ay ~ f'(z) Az
@ @ sl

Monotonicity
f'(z) > 0on I = f increasing; f'(z) < 0 =decreasing

Maxima and minima

FIRST DERIVATIVE TEST

f' changes + — — : local max; — — + :local min

SECOND DERIVATIVE TEST

f'(e) =0, f"(¢) <0 : max; f"(c) > 0 : min

CLOSED INTERVAL

absolute extrema on [a, b] : compare f at critical points and at a, b

Mean value theorems

ROLLE'S THEOREM

f continuous on [a, b], differentiable on (a,b), f(a) = f(b) = f'(c) =0

LAGRANGE'S MVT
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CHAPTER 19
Indefinite Integration

Standard integrals

n+1 d
/az”dx:m +C (n# 1), /?x:ln\w|+0, /e’”d:zc:ew—l—C,

n-+1
/axda:: a4 +C

Ina

/tan:z:d:z: = In|secz| + C, /sec:z:d:z: =In|secz + tanz| + C,

/cscwdw=ln|cscz—cotaz| +C

Special integrals
dr 1 x dx T
— _ —Ztan'Z4+(C /—:sin_l——i—C
/ x2+a2 a a ’ Va2 — z2? a

R TR P T

—a?  2a x+a a?—zx2 2a a—2x

/ﬁzlﬂm—l—\/a}ziaﬂ—l—c

2

\/az—x2dalc:E az—x2—|—a—sin*1§—|—0
2 2 a

2
/\/xzztazda::; xzztazj:%ln|a3+\/x2:|:a2|+0

axr

/ea‘” sin bz dz = asinbx —bcosbz) + C

a2+b2(

Methods

BY PARTS

/uvdzzu/vda:—/(u’/vd:z:)dw

Choose u in the order ILATE: inverse trig, log, algebraic, trig, exponential.

/efﬂ (f(2) + f'(2))dz = ¢* f(z) + C
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SUBSTITUTION

[ £ e~ s+ c. j%dwﬂmw

RATIONAL FUNCTIONS
P(x) A n B
(x—a)(x—b) =xz—a zx-—0b

Use partial fractions after making the numerator's degree less than the denominator's.

TRIG FORM

/ dzx P T 1 — ¢ 2dt
— ¢ t=tan—, cosr = ——, dr = ——
a-+bcosz 2’ 14 ¢2’ 1+ ¢2
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CHAPTER 20
Definite Integration

f2a —z) = —f(2)

Properties
b b a a
/a f(:z:)dx:/a fla+b—z)de, /0 f(x)da::/o fla—z)dx
¢ )2 [y f(z)dz, feven
/af(x) de = {0, O fodd
[ ey = {205 501 12020
0 07

/Oan(m)d:c:n/OTf(m)dm

KING'S RULE EXAMPLE

/2 sin” x ™
— der = —
o sin"z+cos"zw 4

Newton—-Leibniz rule

Limit as a sum

1 — r !
i 1 35(7) = [ Storas
Standard results
WALLIS
/2 -1 n-3 u
/ sin” ¢ dz = — LN {2’
0 n n—2 1,

w/2 T
/ Insinzdr = ——1n2
0 2
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SPECIAL FUNCTIONS

b
/ [z] dz : split at integers; / |f(x)| dz : split where f =0
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CHAPTER 21
Area Under Curves

Area bounded by curves

UNDER A CURVE

b d
A:/ f(z)|dz  or Az/ l9(y)| dy

BETWEEN TWO CURVES

b
A= [ (@)~ g@) dz, @) > (@) on ol

STANDARD AREAS

ellipse wab; y2 — dgz and 22 = dby : 163ab
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CHAPTER 22
Differential Equations

Order, degree and formation

order=highest derivative; degree=its power, once the equation is polynomial in derivatives

FORMATION

n arbitrary constants=-differentiate n times and eliminate them (order n)

Variable separable and homogeneous

SEPARABLE

fly)dy =g(z)dz = /f(y)dyz/g(x)derC

HOMOGENEOUS

dy_ AN B dy_ dv
%_F<E> Yy =vx, %—’U—l—$%

Linear differential equations

% +Px)y=Q(z): IF=elP%  yIF= /Q-IF dz +C

BERNOULLI

d
—y—i—Py:Qy”: put z =y "
dz

EXACT FORMS

— zdy —ydx
zdy + ydz = d(zy), Mzd(%), %Zd(&ml y)

Applications

GROWTH AND DECAY

%:kN = N = NyeM

NEWTON'S LAW OF COOLING

= = k(T -T,
7 ( )
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CHAPTER 23

Straight Lines
Distance, section and locus

DISTANCE

SECTION FORMULA

d=+/(za —x1) + (32 — 11)?

mys + Ny

<mx2 + nxy
m-+n

AREA OF A TRIANGLE

m-+n

) internal;

m — —m for external

1
A= 5‘1151(1/2 —y3) + 22(ys — y1) + 3(y1 — B2)|

Centres of a triangle

CENTROID

INCENTRE

Q- <?E1+1;)2+333

)

y1+yz+ys)
3

I <a:t:1 + bxy + cx3

EULER LINE

a+b+c

O, G, H collinear;

O circumcentre, H orthocentre.

Equations of a line

Y = mx + ¢;

TWO POINTS

PARAMETRIC

Angle, distance and position
ANGLE BETWEEN LINES

tanf =

PadhoNa Formula Sheet - www.padhona.com

Yy—un :m($—331);

9

ay; + by, + Cy3)
a+b+ec

HG:GO=2:1

SalES

rcosa+ysina=p

QI8
+

2 — Y1
y—y = 2N g)
To — I
T2 _ Y-y
cos 6 sin 6
T, 1 1
1+m1m2 ) || mi1 = ma; cmimy = —
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POINT TO LINE

_|azy 4 byy + ¢

d

PARALLEL LINES

FOOT AND IMAGE

T—z1  y—y aritbyite
a b a? + b2

2(az; +by; +¢) .
(foot), = — R (image)

SAME SIDE

P,Q on the same side of az + by + ¢ = 0 < (az; + by; + ¢)(azy + by, +¢) >0

Family of lines and pair of lines

FAMILY
Li 4+ ALs; = 0 passes through L; N Ly
CONCURRENCY
al bl C1
(%)) b2 Cy| = 0
az by c3

ANGLE BISECTORS

Vv a? + b? B Va3 + b3

a1z + b1y + ¢ iazib’—szy—i—Cz

PAIR OF LINES

az? + 2hay +by? =0: tanf = : Lifa+b=0

REPRESENTS A PAIR

ax? + 2hzy + by? + 29z + 2fy +c=0: abc+ 2fgh —af? —bg*> —ch® =0
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CHAPTER 24
Circle

Equations
CENTRE-RADIUS

(0= W)+ (g~ ) =

GENERAL

2 +y* + 29z +2fy +c=0: centre (—g,—f), r =92+ f2 —c

DIAMETER FORM

(z—z1)(z—22) +(y—y1)(y —32) =0

PARAMETRIC

x=h+rcosf, y=k-+rsinf

Point, line and power
POWER OF A POINT

Sy =z} +yi + 29z +2fy; +c: S; < 0inside, = 0on, > 0 outside

LINE AND CIRCLE

perpendicular distance from centre <, =, > r : secant, tangent, misses

TANGENT CONDITION

y = maz + c touches z° + 3> = > <= ¢ = a*(1 +m?)

Tangent, normal and chord

TANGENT AT A POINT

T=0: :r;:r:1—I—yy1—i—g($+$1)+f(y+y1)+czo

LENGTH OF TANGENT

V'S1

CHORD WITH GIVEN MIDPOINT

T=25

CHORD OF CONTACT

T = 0 (from an outside point)

PAIR OF TANGENTS

S8, =T?
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NORMAL

always passes through the centre

Two circles

COMMON TANGENTS
d>ri+ry: 4 d=ri+mry: 35 Jri—ro| <d<ri+ry: 2, d=|rp—1ro|: 1; d<|r —
’l"2|2 O

ORTHOGONAL CIRCLES

29192 + 2f1fo =c1 + c2

RADICAL AXIS / COMMON CHORD

51—52:0

FAMILY

S—{—/\L:(), S1+AS2=0
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CHAPTER 25
Parabola

Standard parabola y? = 4ax

focus (a, 0), directrix x = —a, latus rectum 4a, vertex (0, 0)
PARAMETRIC
(at?, 2at)
FOCAL DISTANCE
SP=z+a
FOCAL CHORD
tit 1 ! + L _
T 8P SQ  a

Tangent, normal and chord

TANGENT

a
yy1 = 2a(x + z1); ty = = + at?’; y:ma:—i—g

NORMAL

y = —tx + 2at + at>; y = mzx — 2am — am?®

CHORD THROUGH T,, T,

2¢ — (t1 + t2)y + 2atito =0

NORMAL MEETS AGAIN

to = —t1 — —

TANGENTS' INTERSECTION

(atyty, a(t; + ta))
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CHAPTER 26

Ellipse
Standard ellipse x?/a% + y?/b*>=1 (a > b)
2 _ 2 2 : ; ~ a v?
b =a*(1—e€®), foci(+ae,0),  directricesz = ig, latus rectum —
a
PARAMETRIC

(acos@, bsinf)

FOCAL DISTANCES

SP=a—ex, SP=a+ex, SP+SP=2a

Tangent, normal and chord

TANGENT
T 6 in 0
a_21+% -1 IZ2 +yszn =1;  y=mztva*m’+b’
a
NORMAL
2 2
a b
———y:aZ—bz; azxsecl — bycsch = a® — b
Z1 Y1

DIRECTOR CIRCLE

22+ 4% = a? + b

CHORD WITH MIDPOINT

T =8,
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CHAPTER 27

Hyperbola

Standard hyperbola x?/a? - y?/b? = 1

B = a(e’ - 1),

PARAMETRIC

ASYMPTOTES

RECTANGULAR HYPERBOLA

CONJUGATE

Tangent, normal and chord

TANGENT

NORMAL

DIRECTOR CIRCLE

2

foci (+ae,0),  latus rectum &, |SP — §'P| = 2a
a

(asecf, btan@)

2 2 1 1
e T e A
a b €1 €

zT
—1—%21; y = mzx + Va?*m? — b?

a?
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CHAPTER 28

Vector Algebra

Vectors, addition and section formula

MAGNITUDE AND UNIT VECTOR
a = a1t + azj + ask, @ =1/a? +ak +a2, a=

SECTION FORMULA
g el
7= mb +na (internal)
m-+n
COLLINEAR

- 7 . 3 - —

a= Ab; points collinear <—= AB = AAC

Scalar (dot) product
G- b=|d||b|cos = arb; + asby + asbs
PROJECTION
. . > @b
projection of @ on b = W
d1lb< ab=0; |a+b>=a>+[p>+2d-b
Vector (cross) product
) B i ]k
axb=|d||b|sindn=|a; az a3
bp by b3
AREA
parallelogram |a@ X 5|, triangle 1|a@ x B|
LAGRANGE'S IDENTITY
@ x B* + (@ - b)* = |af*[B]*

Triple products

SCALAR TRIPLE PRODUCT
ay a as
[&’bé’]:d’(bxé’)z bl b2 b3
¢ C C3

Volume of the parallelepiped; zero iff the vectors are coplanar. Tetrahedron volume is %[aB cl.
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VECTOR TRIPLE PRODUCT
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CHAPTER 29
Three Dimensional Geometry

Direction cosines and ratios

l =cosa, m = cosf3, n = cos"v; Prm?P+n?=1

FROM DIRECTION RATIOS
a

Va2 tre?

ANGLE BETWEEN LINES
ajaz + biby + cicy

cosf =
Vad + b3+ c3y/a} + b} +

Lines in space

EQUATION

r—T1 Y~ 22—z

SHORTEST DISTANCE (SKEW LINES)

PARALLEL LINES

COPLANAR LINES

Planes

EQUATIONS

ar +by +cz+d = 0; TN = p;

SHES
+

THROUGH THREE POINTS
T — I Yy—u Z—2
To—T1 Yo—Y1 22—2|=0
T3 — &1 Y3 — Y1 23— 21

POINT TO PLANE
_|az1 +bys +cz1 +d

d
Va2 + b2 + 2
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PARALLEL PLANES
d; — d
Va2 + b+ ¢c?

FAMILY

P; + AP = 0 passes through the line P, = P, =0

Line and plane

ANGLE

=
El

sinf =

==

=

FOOT AND IMAGE OF A POINT
T — T Y—U z—2z ax, + by, +cz +d .
— — — £ foot): x 2 for the image
a b c a? + b2+ 2 (foot); &

LINE LIES IN PLANE

S

-7 = 0 and a point of the line satisfies the plane

Unlock the full PadhoNa Test Series
Every chapter-wise JEE Main test on the real exam screen, with full solutions and automatic analysis. Plans from ¥99 a month.

padhona.com/go/test-series —

PadhoNa Formula Sheet - www.padhona.com 46 /52


https://www.padhona.com/go/test-series?utm_source=formula_pdf&utm_medium=pdf&utm_campaign=test_series

CHAPTER 30

Probability

Classical probability

ADDITION

THREE EVENTS

P(AUBUC) =) P(A)—> P(ANB)+P(ANBNC)
Conditional probability and independence

P(AN B)

P(A| B) = =L

P(ANB) = P(A)P(B | A)

INDEPENDENT EVENTS

P(AN B) = P(A) P(B)

Total probability and Bayes' theorem

TOTAL PROBABILITY

P(A) = ZP(EZ») P(A| E)

BAYES

P(E))P(A| E)
P(E; | A) = >, P(E;) P(A] E;)

Random variables and binomial distribution

MEAN AND VARIANCE
2 2 2
M:E TiPiy o :E T;pi — M
BINOMIAL

PX=r)="Cp'¢"", q=1-p; p=np, o> =npq
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CHAPTER 31
Statistics

Mean, median and mode

MEAN

MEDIAN (GROUPED)

EMPIRICAL RELATION

Mean deviation

Mean deviation is least about the median.

Variance and standard deviation

CHANGE OF ORIGIN AND SCALE

FIRST N NATURAL NUMBERS

COMBINED GROUPS

2

g =

ni(o3 + di) + na(o3 + d3)

Mode~ 3 Median—2 Mean

> filzi — a

MD about g = =————
> fi

y=azr+b: y=aZ+b, o,=]|a|lo,

variance—=

ni + n2
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CHAPTER 32
Mathematical Reasoning

Statements and connectives

p—q=~pVg ~(PAQ=~pV~g ~(pVg) =~pA~g

CONTRAPOSITIVE
pP—q=~q—~p

Not in the current JEE Main syllabus; kept for older papers.

prq=P@—=9N(@—p); ~@—q=pA\~q
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CHAPTER 33
Mathematical Induction

Principle of mathematical induction

P(1) true and (P(k) = P(k+1)) = P(n)trueVn € N

Not in the current JEE Main syllabus; kept for older papers.
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CHAPTER 34
Linear Programming

Linear programming problems

optimise Z = ax + by subject to linear constraints; the optimum is at a corner of the feasible
region

Not in the current JEE Main syllabus; kept for older papers.
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