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                                                                          CHAPTER   1  

APPLICATION OF MATRICES AND DETERMINANTS 

 

THEOREM 1.1    For every square matrix A of order n,   A(adj A) = (adj A)A = |A| In 

THEOREM 1.2    If a square matrix has an inverse, then it is unique. 

THEOREM 1.3    Let A be square matrix of order n. Then A-1 exists if and only if A is non – singular. 

THEOREM 1.4    If A is non - singular, then 

        (i) |A-1| = 
�|�|      (ii)  ( AT)-1 = ( A-1)T    (iii)   (�A)-1 = 

�� 	� -1 ,  where � is a non zero scalar. 

THEOREM 1.5  (Left cancellation law) 

Let A, B and C be square matrices of order n.  If A is a non - singular and AB = AC, then B = C. 

THEOREM 1.6  (Right cancellation law) 

Let A, B and C be square matrices of order n.  If A is non – singular and BA = CA, then B = C. 

THEOREM 1.7  (Reversal law for inverse) 

If A and B are non – singular matrices of the same order, then the product AB is also non- singular 

and (AB)-1 = B-1 A-1 

THEOREM 1.8  (Law of double inverse) 

If A is non – singular, then A-1 is also non – singular and (A-1)-1 = A 

THEOREM 1.9  If A is a non -  singular square matrix of order n ,  then 

(i) (adj A)-1         = adj(A-1) = 
�|�| A    

(ii) |adj A|          = | A|n-1 

(iii) adj (adj A)     = | A|n-2 A 

(iv) (adj�A)          = � n-1 adj(A)  where � is a non - zero scalar 

(v) |adj (adj A)| = |�|(	
�)�  

(vi) (adj A)T          = adj( AT) 

THEOREM 1.10   If A and B  are any two non – singular square matrices of order n , then  

                                adj(AB) = adj(B) adj ( A) 

Adjoint     adjA = [Aij]T 

Inverse     A-1  = 
�|�| 	
��	� ; where |A| ≠ 0 

        (i)  A-1 = ± 
������ (adj A)     (ii) A-1 = ± 

������ adj (adj A)     
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A matrix A is orthogonal AAT = AT A = I 

A matrix A is a orthogonal if and only if A is a non – singular and  A-1 = AT 

Methods to solve the system of linear equations AX = B 

(i) Matrix inversion method : X = A-1 B , |A| = 0 

(ii) Cramer’s rule:  x =
∆�∆  , �	 = 	 ∆�∆  , z = 

∆�∆   ,	∆ ≠ 0 

(iii) Gaussian elimination method 

(iv) Rank method �(�) = 	�(�	, �) = 3      Consistent   One solution 

     	�(�) = 	�(�	, �) < 3      Consistent  Many solution 

    		�(�) 	≠ �(�	, �)       Inconsistent  No solution 

 

The homogenous system of linear equation A X = 0 

(i) Has a trivial solution | A| ≠ 0 

(ii) Has a non - trivial solution , | A| = 0 
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CHAPTER 2 

COMPLEX NUMBERS 

 

PROPERTY 1  (The commutative property under addition) 

For all complex numbers z1 and z2, prove that z1 + z2 = z2 + z1 

PROPERTY 2  (Inverse property under multiplication) 

The multiplicative inverse of a nonzero complex number z = x + iy, is                                                                     ��� !�  - i	 !�� !�  
PROPERTY 3  For all two complex numbers z1 and z2, prove that  "� +	"$ ="�  + "$ 

PROPERTY 4   "�. "$ = "�  . "$   where x1 , x2  , y1 and y2 ∈ ℝ    

PROPERTY 5  Z is purely  imaginary if and only if z = -	" 

PROPERTY 6  (Triangle inequality) 

For any two complex number z1 and z2 , prove that    | z1 + z2| ≤ | z1| + | z2| 

PROPERTY 7  

For any complex number z1 and z2 , prove that         | z1 z2| = | z1|| z2| 

PROPERTY 8  

If z = r ( cos ( + i sin	() , then z-1 =  
�)	( cos (	– i sin () 

PROPERTY 9  

If z1 = r1 ( cos (1 + i sin	(1 ) and  z2 = r2 ( cos (2 + i sin	(2 ) then 

z1z2 = r1r2 ( cos ((1 + (2) + i sin ((1 + (2)) 

PROPERTY 10 

If z1 = r1 ( cos (1 + i sin	(1 ) and  z2 = r2 ( cos (2 + i sin	(2 ) then *�*�  = 
)�)� ( cos ((1 - (2) + i sin ((1 - (2)) 

PROPERTIES OF COMPLEX CONJUCATES 

   If z = x + iy then " = x – iy 

(1) "� + "$     =       "� + "$ 

(2) "� − "$     =       "� - "$ 

(3) "�"$          =       "� . "$ 

(4) ,*�*�-       =     
*�*� ; "$ ≠ 0 

(5) Re(z)          =       
* 	*$  
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(6) Im (z)      =      
*
	*$.  

(7) ("	)	      =     (")n 

(8) If z is real then z = " 

(9) If z is purely imaginary if   z =- " 

(10)  " = z 

PROPERTIES OF MODULUS OF A COMPLEX NUMBER 

(1) |z|  = |"| 
(2) | "� +	"$	|	≤ |"�| + |"$| 

(3) | "�"$	|	= |"�||"$| 

(4) | "� − "$	|	≥ | |"�| - |"$|| 

(5) /*�*�/ = 
|*�||*�| 

(6) |"	| = |"|n 

(7) Re(z) ≤ | z| 

(8) Im(z) ≤ |z| 

SQUARE ROOT : √
 + 12	 = ±34|*| �$ + 1 5|5|4|*|
�$ 6 

POLAR FORM : z = r (cos ( + i sin () 

GENERAL RULE FOR DETERMINING ARGUMENT: 

           SECOND QUADRANT           FIRST QUADRANT 

 sin ( + ive    ( = 	7 − 8 

 

   ( = 	8       Sin ( +ive 

Cos ( –ive        Cos ( + ive 

Sin (  - ive    ( = 	−7 + 8    ( = 	−8       Sin (	 - ive 

Cos ( – ive       Cos ( +ive 

            THIRD QUADRANT         FOURTH QUADRANT 

 

nth roots of complex numbers: 

z1/n = r 1/n ,cos ,< $=>	 - + 1	?1@ ,< $=>	 --    k = 0, 1, 2,3,… 
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CHAPTER 3 

THEORY OF EQUATIONS 

 

Vieta’s formula for polynomial equations of degree 2 ⟹  x2 + (8 + B) x + 8B = 0. 

Vieta’s formula for polynomial equations of degree 3  

																																											⟹  x3 – (8 + B + C) x2 + (8B + BC + C8)	x - 8BC = 0. 

Vieta’s formula for polynomial equations of degree n > 3 

   ∑8 										= 	8 + B + C + E 

   ∑8B 							= 	8B + 8C + 8E + BC + BE + CE 

   ∑8BC 					= 	8BC + 8BE + 8CE + BCE 

   ∑8BCE 			= 	8BCE 

THE FUNDAMENTAL THEOREM OF ALGEBRA: 

A polynomial of degree n ≥ 1 has at least one root in C. 

COMPLEX CONJUCATE ROOT THEOREM: 

Imaginary (non - real complex) roots occur as conjugate pairs, if the coefficients of the polynomial 

are real 

RATIONAL ROOT THEOREM: 

• Let an xn + … + a1 x + a0 = 0 with an ≠ 0 and a0 ≠ 0 be a polynomial with integer coefficients. 

• If p/q, with (p, q) = 1, is a root of the polynomial, then p is a factor of a0 and q is a factor of an 

• Methods to solve some special types of polynomial equations like polynomials having only 

even powers , partly factored polynomials , polynomials with sum of the coefficients is zero, 

reciprocal equations. 

DESCARTES RULE: 

If p is the number of positive roots of a polynomial P(x) and s is the number of sign changes 

in coefficients of P(x), then s p – is a nonnegative even integer. 
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CHAPTER  4 

INVERSE TRIGONOMETRIC FUNCTIONS 

 

PROPERTY 1  

(i) sin-1 (sin ()           = (,         if ( ∈ 		 F− >$ , >$G 
(ii) cos-1 (cos ()         = (,         if ( ∈ 		 H−0, 7J 
(iii) tan-1 (tan ()         = (,         if ( ∈ 		 ,− >$ , >$- 

(iv) cosec-1 (cosec () = (,         if ( ∈ 		 F− >$ , >$G \{0} 

(v) sec-1 (sec ()         = (,         if ( ∈ 		 H−0, 7J \ K>$L 
(vi) cot-1 (cot ()         = (,         if ( ∈ 		 (−0, 7) 

 

PROPERTY 2 

(i) sin(sin-1 M)            = M,         if M ∈ 		 H−1,1J 
(ii) cos (cos-1 M)         = M,         if M ∈ 		 H−1,1J 
(iii) tan(tan-1 M)          = M,         if M ∈ 	ℝ 

(iv) cosec(cosec-1 M)  = M,         if M ∈ 	ℝ \ ( -1 , 1) 

(v) sec(sec-1 M)          = M,         if M ∈ 	ℝ  \ ( -1 , 1) 

(vi) cot(cot-1 M)          = M,         if M ∈ 	ℝ 

 

PROPERTY 3  (RECIPROCAL INVERSE IDENTITIES) 

(i) sin-1,��-   =  cosec M,     if M ∈ 	ℝ \ ( -1 , 1) 

(ii) cos-1,��-  =  sec M,          if M ∈ 	ℝ \ ( -1 , 1) 

(iii) tan-1,��-  =  OPQR
�M																			, 1S	M > 0				−7 +	PQR
�M			, 1S	M < 0   

 

PROPERTY 4 (REFLECTION IDENTITIES) 

(i) sin-1 (−M)      =  - sin-1 x ,          if M ∈ 		 H−1,1J 
(ii) tan-1 (−M)     =  - tan -1 x ,        if M ∈ 	ℝ 

(iii) cosec -1(−M) = - cosec -1 x ,     if |x| ≥ 1 or  M ∈ 	ℝ \ ( -1 , 1) 

(iv) cos-1(−M)      = π  - cos-1 x ,      if x ∈  [ -1 , 1] 

(v) cot-1(−M)      = π  - cot-1 x ,      if x ∈  ℝ 

(vi) sec -1(−M)     = π - sec -1 x ,      if |x| ≥ 1 or  M ∈ 	ℝ \ ( -1 , 1) 
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PROPERTY 5  ( CO FUNCTION INVERSE IDENTITIES) 

(i) sin -1 x  + cos -1 x       = 
>$  ,    x ∈ [ -1 , 1] 

(ii) tan-1 x  + cot -1 x       = 
>$  ,    if M ∈ 	ℝ 

(iii)  cosec-1 x  + sec -1 x  = 
>$  ,    if |x| ≥ 1 or M ∈ 	ℝ  \ (-1 , 1) 

 

PROPERTY  6   

(i) ?1@
�M +	?1@
�	� = 	?1@
�,	M�1 − �$ + �√1 − M$	- , where either x2 + y2 ≤ 1 or xy < 0 

(ii)  ?1@
�M −	?1@
�	� = 	 ?1@
�,	M�1 − �$ − �√1 − M$	-, where either x2 + y2 ≤ 1 or xy > 0 

(iii)  PQ?
�M +	PQ?
�	� = 	PQ?
�,	M� − √1 − M$�1 − �$	- , if x + y ≥ 0 

(iv) PQ?
�M −	PQ?
�	� = 	 PQ?
�,	M� + √1 − M$�1 − �$	- , if x ≤ y 

(v) R
@
�M +	R
@
�	� = 	 R
@
� , � !�
�!- , if xy < 1 

(vi) R
@
�M −	R
@
�	� = 	 R
@
� , �
!� �!- , if xy >  -1 

PROPERTY 7  

(i) 2	R
@
�M   =      R
@
� , $��
��- ,  |x| < 1 

(ii) 2	R
@
�M   =      PQ?
� ,�
��� ��- ,    x ≥ 0 

(iii) 2	R
@
�M   =     ?1@
� , $�� ��- ,   |x| ≤ 1 

PROPERTY 8  

(i) ?1@
�V2M√1 − M$	W = 2?1@
�M			, 1S	|M| ≤ 	 �√$ 		QY − �√$ ≤ M	 ≤ 	 �√$ 

(ii) ?1@
�V2M√1 − M$	W = 2PQ?
�M			, 1S	 �√$ ≤ M	 ≤ 	1 

PROPERTY 9    

(i) ?1@
�M			 = 	 PQ?
�√1 − M$	,										1S	0	 ≤ M	 ≤ 1 

(ii) ?1@
�M			 = 	−PQ?
�√1 − M$	,						1S − 1	 ≤ M < 0 

(iii) ?1@
�M			 = 	 R
@
� , �√�
��- 	,									1S − 1 < M < 1	 
(iv) PQ?
�M		 = 	 ?1@
�√1 − M$	,										1S	0	 ≤ M	 ≤ 1 

(v) PQ?
�M		 = 7	−?1@
�√1 − M$	,				1S − 1	 ≤ M < 0 

(vi) R
@
�M		 = 	 ?1@
� , �√� ��- 		= 	 PQ?
� , �√� ��-	, if x > 0 

PROPERTY 10   

(i) 3	?1@
�M	 = ?1@
�(3M − 4M[)		,								M	 ∈ 	 F− �$ , �$G 
(ii) 3PQ?
�M	 = 	 PQ?
�(4M[ − 3M	)	,							M	 ∈ 		 F�$ 	 , 1G 
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CHAPTER  5 

 

TWO DIMENSIONAL ANALYTICAL GEOMETRY 

 

THEOREM 1 

  The circle passing through the points of intersection of the line lx + my + n = 0 and the circle 

x2 + y2 + 2gx + 2fy + c = 0 the circle of the form x2 + y2 + 2gx + 2fy + c +λ (lx + my + n) = 0, λ ∈ ℝ� 

THEOREM 2 

The equation of a circle with (x1 , y1) and ( x2 , y2) as extremities of one of the diameters of 

the circle is (x – x1)( x – x2) + ( y –y1) (y – y2) = 0 

THEOREM 3 

The position of a point P( x1 , y1)  with respect to a given circle x2 + y2 + 2gx + 2fy + c = 0 in 

the plane containing the circle is outside or on or inside the circle according as                                            

x1
2 + y1

2 + 2gx1 + 2fy1 + c  is  \> 0,			QY= 0	,			QY< 0		,							 
THEOREM 4   From any point outside the circle x2 + y 2 = a 2 two tangent can be drawn. 

THEOREM 5  The sum of the focal distances of any points on the ellipse is equal to length of the                              

major axis. 

THEOREM 6 Three normal can be drawn to a parabola y2 = 4ax from a given point, one of which is 

always real. 

TANGENT AND NORMAL 

CURVE EQUATION EQUATION OF 

TANGENT 

EQUATION OF NORMAL 

CIRCLE x2 + y2 = a2 (i) Cartesian form 

xx1 + yy1 = a 2 

(ii) parametric form 

x cosθ + y sinθ = a 

 

(i) Cartesian form 

xy1 – yx1  = 0 

(ii) parametric from 

x sinθ – y cosθ = 0 

PARABOLA y2 = 4ax (i) yy1 = 2a ( x + x1) 

     (ii) yt = x + at2 

(i) xy1 + 2y = 2ay1+ x1y1 

       (ii) y+ xt = at3 + 2at 

ELLIPSE  
���� + !�5� = 1 (i) 

����� + !!�5� = 1 

(ii) 
� ]^_<� + !`.	<5 = 1 

(i)  
����� +	5�!!� = 
$ − 2$ 

(ii) 
��ab`< −	 5!`.	< =	
$ −	2$ 

 

HYPERBOLA M$
$ − �$2$ = 1 
(i) 
����� − !!�5� = 1 

(ii) 
� _c]<� − !d�	<5 = 1 

(i)  
����� +	5�!!� = 
$ + 2$ 

(ii) 
��`ea< + 5!d�	< =	
$ + 2$ 
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CONDITION FOR THE SINE  y = mx + c TO BE A TANGENT TO THE CONICS 

CONIC EQUATION CONDITION TO BE 

TANGENT 

POINT OF CONTACT EQUATION OF TANGENT 

CIRCLE X2 + y2 = a2 c2 = a2( l + m2) 3 ∓
g√1 +g$ , ±
√1 +g$6 � = gM	 ± �1 +	g$ 

PARABOLA Y2 = 4ax P = 
g i 
g$ , 2
gj � = gM +	 
g 

ELLIPSE M$
$ + �$2$ = 1 
P$ =	
$g$ + 2$ 3−
$gP , 2$P 6 

� = gM	 ± �
$g$ + 2$ 

HYPERBOLA M$
$ − �$2$ = 1 
P$ =	
$g$ − 2$ 3−
$gP ,−2$P 6 � = gM	 ± �
$g$ − 2$ 

 

 

PARAMETRIC FORMS 

CONIC PARAMETRIC 

EQUATIONS 

PARAMETER RANGE OF 

PARAMETER 

ANY POINT ON THE CONIC 

CIRCLE x = a cos θ 

y = a sin θ 

θ 0 ≤ θ ≤ 2π ‘ θ ’ or ( a cos θ, b sin θ) 

PARABOLA x = at2 

y = 2at 

t −∞ < R < 	∞ ‘ t ‘ or ( at2 , 2at) 

ELLIPSE x = a cos θ 

y = b sin θ 

θ 0 ≤ θ ≤ 2π ‘ θ ‘ or ( a cos θ , b sin θ) 

HYPERBOLA x = a sec θ 

y = b tan θ 

θ -π ≤ 0 ≤ π 

Except θ = ± >$ 

‘ θ ‘ or ( a sec θ , b tan θ) 

 

  

PARABOLA 

EQUATION VERTICES FOCUS AXIS OF 

SYMMETRY 

EQUATION OF 

DIRECTRIX 

LENGTH OF 

LATUS 

RECTUM 

(y – k )2 = 4a(x – h) (h, k) (h + a, 0 + k) y = k x = h - a 4a 

(y – k )2 = -4a(x – h) ( h, k) ( h –a, 0 + k) y = k x = h + a 4a 

(x– h )2 = 4a(y – k) (h, k) ( 0 + h, a + k) x = h y = k -a 4a 

(x –h)2 = - 4a(y – k) (h, k) (0 +h , -a +k) x = h y = k + a 4a 
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 PARAMETRIC FORMS 

Identifying the conic from the general equation of conic 

 Ax2 + Bxy + Cy2 + Dx + Ey + F = 0 

The graph of the second degree equation is one of a circle, parabola, an ellipse, a hyperbola, a point, 

an empty set, a single line or a pair of lines. When, 

1) A = C = 1 , B =0 , D = -2h, E = -2k , F = h2 + k2 – r2  the general equation reduces to                                                                                             

(x – h)2 + ( y – h)2 = r2 , which is a circle . 

2) B = 0 and either A or C = 0, the general equation yields a parabola under study, at this level 

3) A ≠ C and A and C are of the same sign the general equation yields an ellipse. 

4) A ≠ C and A and C are of the opposite signs the general equaZon yields a hyperbola 

 

ELLIPSE 

EQUATION CENTRE MAJOR AXIS VERTICES FOCI (M − ℎ)$
$ +	(� − m)$2$ = 1 

a2 > b2 

a) Major axis parallel to the 

x – axis foci are c units right 

and c units  left of centre , 

where c2 = a2 – b2 

( h , k) Parallel to the      

x - axis 

( h – a , k) 

( h + a , k) 

( h – c , k) 

( h + c , k) 

(M − ℎ)$2$ +	(� − m)$
$ = 1 

a2 > b2 

a) Major axis parallel to the 

y – axis foci are c units right 

and c units left of centre , 

where c2 = a2 – b2 

(h , k) Parallel to the        

y - axis 

( h, k – a) 

( h, k + a) 

(h , k – c) 

(h , k + c ) 
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HYPERBOLA 

a) Transverse axis parallel to the  x – axis a) Transverse axis parallel to the x- axis 

     The equation of a hyperbola with centre C  

(h, k) and transverse axis parallel to the x- axis is 

given by 
(�
n)��� −	 (!
=)�5� = 1. 

      The coordinates of the vertices are A(h+a, k) and 

A’(h – a , k) . the coordinates of the foci are              

S( h + c , k) and S’( h – c , k) where c2 = a2 + b2 

 The equations of directrices are x = ± �e  

b) Transverse axis parallel to the y – axis b) Transverse axis parallel to the y- axis 

     The equation of a hyperbola with centre C  

(h , k) and transverse axis parallel to the y- axis is 

given by 
(!
=)��� −	 (�
n)�5� = 1. 

      The coordinates of the vertices are A(h, k+a) and 

A’(h , k - a) . the coordinates of the foci are                

S( h, k+c) and S’( h, k-c) where c2 = a2 + b2 

           The equations of directrices are y = ± �e 
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CHAPTER 6 

VECTOR ALGEBRA 

THEOREM 1 

If 
o = 
�p̂ + 	
$r̂ + 	
[ms			, 2to = 	 2�p̂ + 	2$r̂ +	2[ms		, Po = 	 P�p̂ + 	P$r̂ + 	P[ms	, Rℎu@								 
	V
o 	× 2toW	. P	tto = 	 w
� 
$ 
[2� 2$ 2[P� P$ P[ w 

THEOREM 2 

 For any three vectors 
o, 2to	
@�	Po	, V
o × 2toW	. Po = 	
o	. V2to × PoW		 the scalar triple product of 

three non – zero vectors is zero if and only if the three vectors are coplanar. 

THEOREM 3 

The position of a point P ( x1 , y1) with respect to a given circles x2 + y2 + 2gx + 2fy + c = 0 in 

the plane containing the circle is outside or on or inside the circle according as                                              

x1
2 + y1

2  + 2gx1 + 2fy1 + c is \> 0,			QY= 0	,			QY< 0										     
THEOREM 4 

The scalar triple product of three non – zero vectors is zero, if and only if the three vector 

are coplanar 

THEOREM 5 

Three vector 
o, 2to	, Po	 are coplanar if and only if, there exist scalars r, s, t ∈ ℝ such that at 

least one of them is non – zero and Y
o + ?2to + RPo = 0 

THEOREM 6 

If 
o	, 2to	, Po	
@�	xo, yo, Yo	 are two system of three vectors, and if	xo = M�
o + ��2to 	+ 	"�Po		, 
yo = 	M$
o + �$2to + "$Po  and  Yo = M[
o + �[2to + "[	Po    , then Hxo, yo, YoJ = zM�tttto ��tttto "�tttoM$tttto �$tttto "$tttoM[tttto �[tttto "[tttoz {
o, 2to, Po| 
THEOREM 7  

The vector triple product satisfies the following properties: 

(
�tttto + 
$tttto) × V2to × PoW = 
�tttto × V2to × PoW + 
$tttto × V2to × PoW ,  
 (�
o) × V2to × PoW = � ,
o × V2to × PoW-	 , � ∈ ℝ 


o 	× ,V2�ttto + 2$ttttoW × Po- = 
o × V2�ttto × PoW + 
o × V2$tttto × PoW , 
  
o × ,V�2toW × Po- = � ,
o × V2to × PoW-	 , � ∈ ℝ 
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o 	× ,2to × (P�ttto + P$ttto)- = 
o × V2to × P�tttoW + 
o × V2to × P$tttoW , 
  
o × ,2to × (�Po)- = � ,
o × V2to × PoW-	 , � ∈ ℝ 

THEOREM 8  

Three vectors 
o, 2to, Po	}u	ℎ
~u	
o × V2to × PoW = (
o	. Po)2to − V
o	. 2toWPo 
THEOREM 9  (JACOBI’S IDENTITY) 

For any three vectors 
	ttto, 2	,tttto	Po  we have 
o × V2to × PoW + 2to × (Po × 
o) + Po × V
o × 2toW = 0to 
THEOREM 10 (LAGRANGE’S IDENTITY) 

For any four vectors 
o, 2to, Po, �o  we have V
o × 2toW	. VPo × �oW = �
o	. Po 
o	. �o2to. Po 2to	. �o� 
THEOREM 11 

The vector equation of a straight line passing through a fixed point with position vector 
o 
and parallel to a given vector 2to	1?	Yo = 
o + R2to, }ℎuYu	R ∈ ℝ 

THEOREM 12 

The parametric form of of vector equation of a line passing through two given points vector 

are 
o	
@�	2to respectively is Yo = 
o + RV2to − 
oW, }ℎuYu	R	 ∈ ℝ 

Two lines are said to be a coplanar if their lie in the same plane. 

Two lines in space are called skew lines if they are not parallel and do not intersect  

THEOREM 13 

The shortest distance between the two parallel lines Yo = 
o + ?2to	
@�	Yo = Po + R2to	is given by  

E = 
�(ao
�to)×5to��5to� 	}ℎuYu	�2to� 	≠ 0 

THEOREM 14: 

The shortest distance between the two skew lines Yo = 
o + ?2to	
@�	Yo = Po + R�o	is given by  

E = 
�(ao
�to)×V5to×�oW��5to	×�o� 	}ℎuYu	�2to × �o� 	≠ 0 

THEOREM 15 

The equation of the plane at a distance p from the origin and perpendicular to the unit 

normal vector �� is Yo	. �� = x 

THEOREM 16 

The general equation ax + by + cz + d = 0 of first degree in x , y , z represents a plane. 
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THEOREM 17 

If three non – collinear points with position vectors 
o, 2to, Po are given, then the vector 

equation of the plane passing through the given points in parametric form is Yo = 
o + ?V2to − 
oW +R(Po − 
o) , where 2to ≠ 0to	, Po ≠ 0to and s , t ∈ ℝ 

THEOREM 18 

The acute angle θ between the two plans Y	.ttto @�tttto = x�	
@�	Yo. @$tttto = x$ is given by ( =cos
� , |	�ttttto.		�tttttto||	�||	�|- 

THEOREM 19 

The acute angle θ between the two planes a1x + b1y + c1z + d1 = 0 and a2x + b2y + c2z + d2 = 0 

is given by ( = 	 cos
�� |���� 5�5��a�a�|4��� 5�� a��4��� 5�� a��� 

THEOREM 20 

  The perpendicular distance from a point with position vector �to to the plane Yo. @to = x is given 

by E = 	 |�tto.	to
�||	to|  

THEOREM 21 

The distance between two parallel planes ax + by + cz + d1 = 0 and ax + by + cz + d2 = 0  is 

given by  
|��
��|√�� 5� a�  

THEOREM 22 

The vector equation of a plane which passes through the line of intersection of the planes         Yo. @�tttto = ��	
@�	Yo. @$tttto = �$ is given by (Yo. @�tttto − ��) + �(Yo. @$tttto − �$) = 0 where �	 ∈ ℝ 

THEOREM 23 

The position vector of the point of intersection of the straight line Yo = 
o + R2to	 and the plane     Yo. @to = x is 
o + ,�
(�	ttto.	to)5to.	to -, provided 2to. @to 	≠	0 

The shortest distance between the two skew lines is the length of the line segment perpendicular to 

both the skew lines. 

A straight line which is perpendicular to a plane is called a normal to the plane. 
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PROPERTIES OF SCALAR AND VECTOR PRODUCTS  

SCALAR PRODUCT VECTOR PRODUCT 
o. 2to = |
o|�2to�PQ?	( 
o	M	2to = |
o|�2to�?1@	(	@� 
o. 2to = 0 

i. 
o	1?	"uYQ	~uPRQY 2to	
@�	QRℎuY	~uPRQY 

ii. 2to	1?	"uYQ	~uPRQY 
o	
@�	QRℎuY	~uPRQY 

iii. 
o	
@�	2to	
Yu	xuYxu@�1P��
Y 


o × 2to = 0 

i. 
o	1?	"uYQ	~uPRQY 2to	
@�	QRℎuY	~uPRQY 

ii. 2to	1?	"uYQ	~uPRQY 
o	
@�	QRℎuY	~uPRQY 

iii.          
o	
@�	2to	
Yu	x
Y
��u� 
o. 
o = 
$ 
o × 
o = 0to po. po = ro. ro = mto. mto = 1 po. ro = ro. mto = mto. po = 0 

po× po = ro× ro = mto × mto = 0to po× ro = mto; ro× mto = po; mto × po = ro 
o = 
�po+ 
$ro+ 
[mto 2to = 2�po+ 2$ro+ 2[mto 
o. 2to = (
�2� + 
$2$ + 
[2[) 
 

 


o = 
�po+ 
$ro+ 
[mto 2to = 2�po+ 2$ro+ 2[mto 

o × 2to = z po ro mto
� 
$ 
[2� 2$ 2[z 

( = cos
� � 
o. 2to|
o|�2to�� ( = sin
� ��
o × 2to�|
o|�2to� � 

 

A straight will lie on a plane of every point on the line , lie in the plane and the normal to the 

plane is perpendicular to the line .  
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CHAPTER  7 

APPLICATION OF DIFFERENTIAL CALCULUS 

 

DIFFERENTIAL CALCULUS BASIC FORMULAS 

��M HPJ = 0 
��M Hsec MJ = ?uP	M tan M ��M HM	J = @M	
� 

��M Hlog MJ = 1M ��M H�~J = �~� + ~�′ ��M Hu�J = u� ��M F�~G = ~�� − �~′~$  
��M Hsin
� MJ = 1√1 − M$ 

��M Hsin MJ = cos M 
��M Hcos
� MJ = −1√1 − M$ 

��M Hcos MJ = −sin M 
��M Hcosec
� MJ = −1M√1 − M$ 

��M Htan MJ = ?uP$M 
��M Hsec
� MJ = 1M√M$ − 1 

��M Hcot MJ = −PQ?uP$M 
��M HR
@
� MJ = 11 + M$ 

 

VELOCITY & ACCELERATION 

If distance x = f(t) 

Velocity v = f’(t) or 
���d  , acceleration a = 

��	�d  = f’’(t) or 
����d�  

(i) Initial velocity means velocity at t = 0 

(ii) Initial acceleration means acceleration at t = 0 

(iii) If the motion is upward, at the maximum height the velocity is zero. 

(iv) If the motion is horizontal v = 0 when the particle cones to rest. 

TANGENT  y – y1  = m ( x – x1) 

NORMAL  y – y1 = 

��  ( x – x1) 

If the two curves are parallel at (x1 , y1) then m1 = m2 

If the two curves are perpendicular at (x1 , y1) , then m1m2 = -1 

ANGLE BETWEEN TWO CURVES 

tan� = � g� +g$1 + 	g�g$� 
ROLLE’S THEOREM  

Let f(x) be continuous on a closed interval [a, b] and differentiable on the open interval             

(a, b) let f(a) = f(b) , then there is at least one point c ∈ ( a, b) where f’(c) = 0 
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LAGRANGE’S MEAN VALUE THEOREM  

Let f(x) be continuous in a closed interval [a, b] and differentiable on the open interval            

(a , b)  let  f(a) = f(b) , then there exist at least one point c ∈ ( a, b) where f’(c) = 
�(5)
�(�)5
�  

TAYLOR THEOREM 

     S(M) = S(
) + ��(�)�! (M − 
) +⋯+ ���(�)	! (M − 
)	 +⋯. 
MACLAURIN’S THEOREM  

S(M) = S(0) + S�(0)1! (M) + ⋯+ S��(0)@! (M)	 +⋯. 
 

WORKING RULES 

CRITICAL NUMBERS STATIONARY POINT INCREASING & DECREASING 

If f(x) given  

(i) Find f’(x) 

(ii) Solve f’(x) = 0 and get 

critical number (CN) 

( If degree of f(x) is n . 

there are n – 1 critical 

numbers are possible)  

If f(x) given 

(i) Find f’(x) 

(ii) Solve f’(x) = 0 and get 

C.N 

(iii) Put C.N in f(x) and get 

stationary points (S.P). 

(if degree of f(x) is n. there 

are n – 1 stationary points 

are possible) 

 

If f(x) given 

(i) Find f’(x) 

(ii) Solve f’(x) = 0 and get 

C.N 

(iii) Fix the limits on both 

sides of C.N 

(iv) Check the sign of f’(x) 

in above limits 

If f‘(x) > 0 increasing 

If f’(x) < 0 decreasing 

 

 

WORKING RULES  

MONOTONICITY ABSOLUTE MAXIMUM/ 

MINIMUM IN [A , B] 

CONCAVITY /CONVEXITY 

If f(x) given 

(i) Find f’(x) 

(ii) Solve f’(x) = 0 and get 

C.N 

(iii) Fix the limits on both 

sides of C.N 

(iv) Check the sign of f’(x) 

in above limits 

If f‘(x) > 0 Increasing 

If f’(x) < 0 Decreasing 

both sides of C.N  

If f’(x) has same sign then it is 

Monotonicity 

 

If f(x) given 

(i) Find f’(x) 

(ii) Solve f’(x) = 0 and get 

C.N 

(iii) Put the values of end 

points  [a, b] in f(x) i.e., 

find f(a) & f(b) and also 

find value of f(x) in C.N 

Compare all 

Maximum one is absolute 

maximum 

Minimum one is absolute 

minimum 

If f(x) given 

(i) Find f’(x) 

(ii) Find f’’(x) 

(iii) Solve f’’(x) = 0 and get 

values of x. 

(iv) Fix the limits on both 

sides of x values 

(v) Check the sign of f’’(x) 

in above limits 

If f‘’(x) > 0 concave 

upward 

If f’’(x) < 0 concave 

downward 
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WORKING RULES  

                        LOCAL MAXIMUM AND MINIMUM 

        FIRST DERIVATIVE                                   SECOND DERIVATIVE 

POINT OF INFLECTION 

If f(x) given 

(i) Find f’(x) 

(ii) Solve f’(x) = 0 and get 

C.N 

(iii) Fix the limits on both 

sides of C.N 

(iv) Check the sign of f’(x) 

in above limits 

If f‘(x) > 0 Increasing 

              If f’(x) < 0 Decreasing 

If the results is : 

+ ve to – ve to local maximum 

- ve to + ve to local minimum 

 

If f(x) given 

(i) Find f’(x) 

(ii) Solve f’(x) = 0 and get 

C.N 

(iii) Find f’’(x) 

(iv) Check the sign of f’’(x) 

in critical number 

If the sign of 

 If f‘’(x) > 0 local minimum 

 If f’’(x) < 0 local maximum 

� M	u
���M = �@
	 �
�
   

If f(x) given 

(i) Find f’(x) 

(ii) Find f’’(x) 

(iii) Solve f’’(x) = 0 and get 

values of x. 

(iv) Fix the limits on both 

sides of x values 

(v) Check the sign of f’’(x) 

in above limits 

If f‘’(x) > 0 concave 

upward 

If f’’(x) < 0 concave 

downward 

If a point has on both sides at 

the point the curve has a point 

of inflection 
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CHAPTER 8 

DIFFERENTIAL & PARTIAL DERIVATIVES 

 

PROPERTIES OF DIFFERENTIALS 

Here we consider real – valued functions of real variable. 

1) If f is a constant function , then df = 0 

2) If f(x) = x identity function , then df = 1 dx 

3) If f is differentiable and P	 ∈ ℝ , then d (cf) = c f’(x) dx 

4) If f, g are differentiable , then d(f + g) = df + dg = f’ (x) dx + g’(x) dx  

5) If f, g are differentiable , then d(fg) = fdg + gdf = ( f(x) g’(x) + f’(x)g(x) ) dx 

6) If f, g are differentiable , then d(f / g) = 
¡	��
�	�¡¡� = ¡(�)��(�)	
�(�)¡�(�)	¡��  dx, where g(x) ≠ 0 

7) If f, g are differentiable and ℎ = S ∘ £ is defined, then dh = f ’ (g(x)) g’(x) dx . 

8) If ℎ(M) = u�(�)	, Rℎu@	�ℎ = 	 u�(�)S�(M)�M  

9) If f(x) > 0 for all x and g(x) = log (f(x)) , then �£ = ��(�)�(�) �M 

 

 

Absolute error = actual value – approximate value 

Relative error = 
�5`b¤�de	e))b)	�ad��¤	e))b)  

Percentage error = relative error × 100   (or)  
�5`b¤�de	e))b)�ad��¤	e))b) × 100 

 

Euler’s Theorem 				⟹ 					M	 ¥�¥� + ¥�¥! = @� 
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CHAPTER 9 

APPLICATIONS OF INTEGERALS 

 

                              BASIC  INTEGRATION FORMULAS �sin M	�M = 	− cosM + P �M		�M = M	 �@ + 1 	�M 

�cos M	�M = sinM + P � 1√
$ − M$	 �M = sin
� ,M
- + P 

� tanM	�M = − log(cos M) + P �1M �M = log M + P 

�cot M	�M = log(sin M) + P �?uP$M �M = R
@M + P 

�secM tan M	�M = ?uPM + P �u��M = u� + P 

�PQ?uP	M cot M	�M = 	−PQ?uP	M + P 

�PQ?uP$M	�M = −cot M + P 

� 1M√M$ − 
$ �M = 1
 sec
� ,M
- + P 

� 1M$ + 
$ �M = 1
 tan
� ,M
- + P 

�PQ?uP	M	�M = 	− log(PQ?uP	M + cot M	) + P 

 

IMPORTANT PROPERTIES OF INTEGRAL 

 

�S(M)�M = ¦(2) − ¦(
)5
�  �S(M)�M =5

� �S(
 + 2 − M)�M5
�  

�S(M)�M =5
� −�S(M)�M�

5  �S(M)�M =�
  �S(
 − M)�M�

   

� S(M)�M =$�
  2�S(M)�M	1S	(2
 − M) = S(M)�

   

� S(M)�M =$�
  0	1S	(2
 − M) = 	−S(M) 
�S(M)�M =�

� 2�S(M)�M	1S	S	1?	u~u@	�

   

�S(M)�M =�

� 0	1S	S	1?	Q�� 
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                                DEFINITE INTEGRAL AS THE LIMIT OF A SUM  

�S(M)�M = lim	→� 2 − 
@ ©S ,
 + (2 − 
) Y@-
	
)ª�

5
�  

 

�S(M)�M = lim	→�1@©S ,Y@- = lim	→�1@©S ,Y@-
	
)ª�

	
)ª 

�
   

 

 

BERNOULLI’S FORMULA 

��~�M = �~� − �$~[ + �[~« +⋯ . 
REDUCTION FORMULAS 

� ?1@	M	�M
>$
  = � PQ?	M	�M

>$
  =	

¬­®
­̄(@ − 1)@ × (@ − 3)(@ − 2) × …× 12 × 72	, 1S	@ = 2, 4	, 6(@ − 1)@ × (@ − 3)(@ − 2) × …× 23 , 1S	@ = 3,5,7

 

 

GAMMA FORMULAS 

 

´(@) =� u
�M	
��M = (@ − 1)!�
   

 

� u
��M	�M = @!
	 �
�
   

 

 

Volume of the solid of revolution 

The volume of the solid of revolution about x – axis is V = 7 µ �$5� �M. 

The volume of the solid of revolution about y – axis is V = 7 µ M$5� ��. 
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CHAPTER  10 

DIFFERENTIAL EQUATION 

 

1.  A differential equation is any equation which contains at least one derivative of an unknown        

function , either ordinary derivative or partial derivative. 

2. The order of a differential equation is the highest derivative present in the differential equation. 

3. If a differential equation is expressible in a polynomial form , then the integral power of the 

highest order derivative appears is called the degree of the differential equation. 

4. If a differential equation is not expressible to polynomial equation form having the highest order 

derivative as the leading term then that the degree of the differential equation is not defined. 

5. If a differential equation contains only ordinary derivatives of one or more functions with respect 

to a single independent variable , it is said to be an ordinary differential equation (ODE). 

6. An equation involving only partial derivatives of one or more function of two or more independent 

variables is called a partial differential equation (PDE). 

7. The result of eliminating one arbitrary constant yields a first order differential equation and that of 

eliminating two arbitrary constants leads to a  second order differential equation and so on. 

8. A solution of a differential equation is an expression for the dependent variable in terms of the 

independent  variable(s) which satisfies the differential equation. 

9. The solution which contains as many arbitrary constants as the order of the differential equation is 

called the general solution. 

10. If we given particular values to the arbitrary constants in the general solution of differential 

equation , the resulting solution is called a Particular solution. 

 

 

        The order of a differential equation is the order of the highest order derivative 

occurring in it.    

        The degree of the differential equation is the degree of the highest order 

derivative which occur in it. u¤b¡� = �												u�¤b¡� = ��																			u
�¤b¡	� = ��¶  

 

LINEAR DIFFERENTIAL EQUATION 

If linear equation is in the form of 	�!�� + x� = ·, 
                                                                                    then solution of �	uµ��� = µ·uµ����M + P 

               If linear equation is in the form of   
���! + xM = ·, 

                                                                                                    then solution of M	uµ��! = µ·uµ��!�� + P 
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CHAPTER 11 

PROBABILITY 

 

PROBABILITY MASS FUNCTION  

The mathematical definition of discrete probability function p(x) is a function that satisfies the 

following properties  

1. The probability that X can take a specific values  x is p(x), i.e., P(X = x) = p(x) = px 

2. p(x) is non – negative for all real x. 

3. The sum of p(x) over all possible values of X is one. That is pi = 1 where j represents all 

possible values that X an have and pi is the probability at X = xi   

If a1, a2 , … , am , a , b1, b2 ,… bn , b be the values of the discrete random variable X in ascending order 

then  

(i) P( X ≥ a) = 1 – P (X < a) 

(ii)  P( X ≤ a) = 1 – P (X > a) 

(iii) P ( a ≤ X ≤ b ) = P( X = a ) + P ( x = b1 ) + P (X = b2) + … + P ( X = bn ) + P( X = b) 

 

PROPERTIES OF CUMULATIVE DISTRIBUTION FUNCTION : 

1. F(x) is a non - decreasing function of x. 

2. 0 ≤ F(x) ≤ 1 , −∞ < M < ∞  

3. ¦(−∞) = 	 lim�→
�¦(M) = 0 

4. ¦(∞) = 	 lim�→�¦(M) = 1 

5. F ( X = xn ) = F( xn) – F ( xn-1) 

 

PROPERTIES OF DISTRIBUTION FUNCTION: 

1. F(x) is a non - decreasing function of x . 

2. 0 ≤ F(x) ≤ 1 , −∞ < M < ∞  

3. ¦(−∞) = 	 lim�→
�µ S(M)�M�
� = µ S(M)�M�
� = 0 

4. ¦(∞) = 	 lim�→�µ S(M)�M�
� = µ S(M)�M�
� = 0 

5. For all real constant  a and b , a ≤ b , ¸(	
 ≤ M ≤ 2) = ¦(2) − ¦(
) 
6. S(M) = 	 ���¦(M) = 1. u. , ¦�(M) = S(M) 

 

MATHEMATICAL EXPECTATION 

¹(º) = x�M� + x$M$ +⋯+ x	M	 =©x.M.	
.ª� =©x. = 1	

.ª�  
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PROPERTIES: 

1. E(c) = c where c is a constant 

2. E( c X) = c E(x) 

3. E( aX – b) = a E (x) + b 

4. Var(X) = E(X2) – [E (x)]2 

5. Var( X + c) = var(X) 

6. Var(aX) = a2Var(X) 

7. Var(C) =  0 

 

 

 

THEORETICAL DISTRIBUTION; 

 FUNCTION MEAN VARIANCE STANDARD 

DEVIATION 

Binomial 
P(X = x) = P(x) = K@P� 	, x�y	
�, M = 0,1,2,… , @0																											u�?u}ℎuYu		  @x @xy �@xy 

Poisson ¸(º = M) = u
����M ,M = 0, 1, 2, …SQY	?Qgu					� > 0 

� � √� 

Normal 1»√27 u �
$,�
¼½ -�; 	−∞ < M < ∞ 
¾ »$ » 
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CHAPTER   12 

DISCREATE MATHEMATICS 

 

TRUTH TABLE 

p q x ∧ q x ∨ y x → y x ↔ y 

T T T T T T 

T F F T F F 

F T F T T F 

F F F F T T 

 

A non- empty set G, together with an operation * i.e., ( G , *) is said to be a group if it satisfies the 

following axioms 

1. Closure axiom : a , b ∈ G ⇒	a * b ∈ G 

2. Associative axiom : ∀	
	, 2, P	 ∈ Ä , (a* b) * c = a*(b* c) 

3. Identity axiom: There exists  an element u	 ∈ Ä	?�Pℎ	Rℎ
R	
 ∗ u = u ∗ 
 = 
	, ∀	
	 ∈ Ä  

       4.    Inverse axiom : ∀	
	 ∈ Ä		RℎuYu	uM1?R?	
@	u�ugu@R	

� 	 ∈ Ä																					 
												?�Pℎ	Rℎ
R	

� ∗ 
 = 
 ∗ 

� = u  

e is called the identity element of G and a-1 is called the inverse of a in G 

Idempotent laws          (1)	x ∨ x ≡ x													(11)	x ∧ x	 ≡ x 

Commutative laws      (1)		x ∨ y = y ∨ x					(11)	x ∧ y = y ∧ x 

Associative laws          (1)	x ∨ (y ∨ Y) ≡ (x ∨ y) ∨ Y				(11)		x ∧ (y ∧ Y) ≡ (x ∧ y) ∧ Y 

Distributive laws         (1)	x ∨ (y ∧ Y) ≡ (x ∨ y) ∧ (x ∨ Y) 
                                                                                (11)x ∧ (y ∨ Y) ≡ (x ∧ y) ∨ (x ∧ Y) 
Identity laws                (1)	x ∨ Ç ≡ Ç		
@�	x ∨ ¦ ≡ x 

                                                                                (11)	x ∧ Ç ≡ ¸		
@�	x ∧ ¦ ≡ ¦ 

Complement laws       (1)	x ∨ ¬x ≡ Ç	
@�	x ∧ ¬x ≡ ¦ 

                                                ¬Ç ≡ ¦ and ¬¦ ≡ Ç 

Involution law or double negation law    ¬(¬x) = x 

De Morgan’s law         (i) ¬(x ∧ y) ≡ ¬x	 ∨	¬y			(11)¬(x ∨ y) ≡ ¬x ∨ ¬y 

Absorption laws          (1)x ∨ (x ∧ y) ≡ x															(11)		x ∧ (x ∨ y) ≡ x 
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IMPORTANT TRIGONOMETRY IDENTITIES 

RECIPROCALS IDENTITIES                    QUOTIENT ANGLES             PYTHAGOREAN IDENTITIES 

PQ?uP	M = �_ÉÊ�                               										tan M = _ÉÊ�]^_�                                   sin2x + cos2x =1 

?uP	M = �]^_�                                             tan M = ]^_�_ÉÊ�                                    sec2x = 1 + tan2x 

PQRM = �ËÌÊ�                                                                                                        cosec2x = 1 + cot2x 

 

DOUBLE IDENTITIES                       

Sin2x = 2 sinxcosx 

Cos2x = cos2x – sin2 x 

           = 2cos2x – 1 

           =1 – 2sin2x 

tan2x = 
$ ËÌÊ��
	d�	��  

ADDITION AND SUBTRACTION  

Sin(x + y) = sinx cosy + cosx siny 

Sin(x - y) = sinx cosy - cosx siny 

cos(x + y) = cosx cosy - sinx siny 

cos(x - y) = cosx cosy + sinx siny 
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