"Education to All for Excellence”

Practice Set - Engg. Mathematics —I1 (BT202) , Unit-I
Faculty Name : Dr. Akhilesh Jain

CO R PO RATE INSTITUTE OF SCIENCE AND TECHNOLOGY, BHOPAL

UNIT-1 : ORDINARY DIFFRENTIAL EQUATIONS-I (ODE-I)

Syllabus : Ordinary Differential Equations-1: First-order differential equations
(Separable, Exact, Homogeneous, Linear), Linear differential Equations with constant coefficients.
Homogeneous linear differential equations, Simultaneous linear differential equations.

1. Define ODE, Order and Degree of ODE.

Order=2 Degree=3

d? g d
2. Write the order and degree of the following diff. equations: (i) d—z + 3(d—y)3 +6y= 33
X X

4
d3 d2 d d3 d2 d 2
(ii) (—dxg] +3(dT¥)3+6d—i+y:3X(lll) KZ—FB(K;/)s—{_G(d_ij +y:3x

Ans: (i) Order=0, Degree=1(ii) Order=3 , Degree=4(iii) Order=3 , Degree=1

Formation of ODE:

2

3. Form the ODE y = Acosax+ Bsinax Ans:2—¥+a2y=0
X
. dzy dy
4. Form the ODE y =e® (Acosax + Bsinax) Ans:d—z— d—+2y=0
X X
2 | mein o2 d’y dy .3
5. Formthe ODE y = AcosXx” +BsIinx® Ans: xd—z—d—+4x y=0 [June 2006]
X X

SOLUTION OF FIRST ORDER AND FIRST DEGREE DIFF. EQUATIONS:
Variable separable method:

@paration of Variables method
This method is used when the equation is in the simplest first-order form of equation
N TE)

= (Basic form)
dx h(y)

1. Separate the variables y from x, i.e., by collecting on one side all terms involving y together with

dy, while all terms involving x together with dx are put on the other side.
2. Integrate both sides.

3. If the solution can be defined explicitly, i.e., it can be solved for y as a function of x, then do it. If
not, the solution can be defined implicitly, i.e., it cannot be solved for y as a function of x.

~

6. Solvey dx-xdy=0 Ans: xly=C
7. Solve %+ y=1 Ans: x=-log(1-y)+C
X
dy
8. Solve xd—+cot y=0 [May 2018]
X
9. Solve % =1+ X+Yy+Xy Ans: log(1+y)=x+x%/2+C
X
10. Solve  3e*tany dx + (1-€") sec’y dy =0 Ans: (e*-1)%=C tany
11. Solve % =XV 4 x%7Y Ans: e'=e*+x*/3+C [Jan. 2007]
X
12. Solve (&Y +1)cos xdx+eY sinxdy =0 Ans: Sinx (&'+1)=C [June. 2007]

Dr. Akhilesh Jain , Department of Mathematics, CIST , Bhopal (akhiljain2929@gmail.com): 9827353835



CORPORATE INSTITUTE OF SCIENCE AND TECHNOLOGY, BHOPAL
IMPORTANT QUESTIONS ( Engg. Mathematics —I11 (BE-401) ) Faculty Name : Akhilesh Jain

13. Solve  y dx + (1+x’)tan™x dy =0 Ans: y tanx=C

14. Solve ﬂ+ Zl =sin X
dx X [Nov. 2019]

HOMOGENEOUS DIFF. EQUATIONS:

Homogeneous Ordinary Differential Equations

A homogeneous ordinary differential equation is an equation of the form P(x,y)dx+Q(x,y)dy=0 where P
and Q are homogeneous of the same order.

Put y=Vv X and dy/dx = v+ x dv/dx in the given equation , and use seperation of variavle

15. Solve xdy — ydx = /x* + y?dx Ans: X* = c[yﬂ/x2 +y? J [June02, 05,14]

16. Solve y— x% =X+ y:—y =0[or (x+y)dy+(x-y)dx=0, y=1 at x=1] Ans. (X% +y?) =2 v
X X

17. Solve X(x—Yy)dy+ y’dx =0 Ans: y =ce’’* [Dec. 04]

18. Solve (¥ +1)dx+e*’Y(1—x/y)dy =0 Ans. x+ye’Y =c  [RGPV Dec.2003]

LINEAR DIFFERENTIAL EQUATIONS (LEBNITZ’S DIFFERENTIAL EQUATIONS)

mTHOD-III : Linear Equation

This method is used when the equation is in the form of %+ p(x)y=q(x)  (Basic form)
X

Where p(x) and g(x) — continuous functions may or may not be constants.

Solution: Find Integral Factor, I.F.= efde,Then Solution : y.(L.F.) = jl.F.Q(x)dx+C
OR

%Jr p(y)x=q(y) (Alternative form)
y

where p(y) and q(y) — continuous functions may or may not be constants.
{olution: Find Integral Factor , I.F.= el™ Then Solution : x.(LF.)= _.'I.F.Q(y)dy+C/

19. Solve (y— x)% =a’ Ans. X =(y—a’)+Ce¥® [RGPV Dec. 2011]
X
20. Solve xdy — ydx +2x°dx =0 Ans. y =—x>+Cx [RGPV June. 2011]
_ A-tanly -1

21. Solve, (1+Yy?)dx=(tan'y—x)dy Ans. X~ C€ +(NY ~1) [ 5une 03 Feb.05,10 Juneos, Marchio, june 17]
22. Solve % =1+X+Yy+Xxy [RGPV Dec. 2011, June 17]

X

dy 2y 3 2
23. Solve, ———=—=(x+1) Ans. y=c(X+1)°"+— [RGPV Dec.2006]

dx x+1 2
24. Solve «/1— y2dx = (sin y—x)dy Ans. Xx=ce "V +siny-1 [RGPV June2007]
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2
X X . X
25, Solve I __XFYCOSX Ans. y(L+sinx)=c— RGPV Dec.2003]
dx 1+sinx 2
26. Solve cosx.dy =(sinx-y)dx Ans. y(secx+tanx) =c + secx +tan x-X) [ RGPV June2004,Sept.2009]
27. Solve % + ycot X =2c0s X Ans. y.sinx=c— 00522x [RGPV June2004]
X
. . oody y o, _ X
28. Solve the equation subject to the condition, d—+— =X ,y=1when x=0 Ans. y= 7 [ Dec. 2007May 18]
X X
29. Solve %+ ytan x =sin x Ans. [RGPV Nov.18]
X
30. Solve % +2¥ —sinx Ans. [RGPV Nov.19]
X X
BERNOULLI’S DIFFRENTIAL EQUATIONS (REDUCIABLE TO LINEAR EQUATIONSYS)

Bernoulli's Equations: The equation %ﬁ +p(xX)y = g(x) ya (‘ais any real number)

which is known as the Bernoulli's Equation, can be reduced to linear form by a suitable change of the dependent

variables (u(x) = yl_a.)

dy

31. Solve &+ xsin2y = x>cos’ y Ans: tany= % (x*-1)+Ce™ [ Dec. 2005]

32. Solve x%+ y =y’ log x Ans: y(1+logx+Cx)=1

33. Solve %(xzy3 +xy) =1 Ans: (2—y?)+Ce™¥' 2 :% [ June. 2005, April 2009]
34. Solve %— tlaj){ =(1+x)e*.secy Ans: siny =1+ x)e* +C(1+x) [ June 2009]

EXACT DIFFERENTIAL EQUATIONS:

M(x,y) dx + N(x,y)dy = 0 If %_I\;I = g—')\(l then equation is called exact.

Solution : I Mdx + I Ndy =C (write common terms once )

y=cons tant X=cons tant

35. Solve  (L+4xy+2y?)dx+(1+4xy+2x*)dy =0 Ans: (x+y)(1+2xy)=c [RGPV Feb.1995,99, June 17]

36. Solve (¥ +1)dx+e*Y (1—5)dy =0 Ans. X+ye*Y =C [RGPV June 2015]
y
37. Solve (e’ +1)cos xdx +e” sinxdy =0 Ans. (¥ +1)sinx=c [RGPV Dec.2000, June 2014]
38. Show that the equation (5x* —3x°y* —2xy*)dx + (2x’y —3x°y* —=5y*)dy =0 is an exact equation. Find its
solution. [Nov. 2018]
39. Solve ye*dx+(2y+e*)dy=0 Ans, [RGPV Nov. 2019]
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DIFFERENTIAL EQUATIONS REDUCIBLE TO EXACT FORM:

oM ON L. . L. . .
If —# _8 then equation is not exact :Now we have to convert the given equation in exact form. using following
X
methods:
1 . .
Method-1 : If Mx+Ny#£0 (asmall term) , then take I.F.( Integral Factor) = —————, and multiply the equation by

Mx + Ny
I.F. to reduce in exact form.
Methid-11 If fi(x,y)y dx + fo(x,y)x dy=0, If Mx-Ny#0 (a small term) , then take I.F.( Integral Factor) = ﬁ
X—Ny
and multiply the equation by I.F. to reduce in exact form.

1({oM ON x)dx
Methid-111: When W(E_G_J: f (X) function of x only, then I.F.=ejf( ) , multiply this I.F. to equation and
X
make exact.
1({oM ON _
Methid-1V: When M(E_&]:_f (y) function of y only, then I.F.=¢ jf(y)dy, multiply this I.F. to equation

and make exact.
Method-V: General Method: If the diff. equation is of the form x*y®(mydx + nxdy) + x"y* (pydx + gxdy)dy = 0

Then take x"y* as the integral factor and multiply this I.F. in the given equation.
Apply condition of Exactness and find the values of h and k. Put these values in equation and solve it.

40. Solve (y+Xx—-5)dx—(y—x+1)dy=0 [ June 16]

3
41. Solve  (x*y—2xy?)dx—(x*—=3x*y)dy=0 (Rule -I)Ans. X, Iog(y—z) = C [ Dec. 2002 ,Feb.06,Dec.08]
y X
3

42. Solve  x*ydx = (x* + y®)dy (Rule-1) Ans. _3X_y3+ logy=C [Dec. 2002 ,Feb.2006]

43. Solve ysin2xdx—(1+y*+cos’x)dy=0  (Rule-11) Ans: 3ycos2x+6y+2y’=c  [RGPV Feb.1996]
44. Solve  y(1+xy)dx+x(1—xy)dy =0 (Rule-11) Ans. x =yce™ [RGPV Dec.2003]

45. Solve y(xy + 2x°y*)dx+x(xy —x*y*)dy =0 (Rule-11) Ans.2log x—log y=i+C1 [RGPV Feb.2012]
Xy

46. Solve (y*—x)dx+(2y)dy =0, (Rule-111) Ans.

47. Solve (X* +y*+2x)dx+(2y)dy =0, (Rule-111) Ans. (x> +y?*)e*=C

48. Solve (3x%y* +2xy)dx+(2x%y* —x*)dy =0, (Rule-1V) Ans. X’y*+x* =cy [RGPV Feb.2001, June 2013]
49. Solve (xy®+ y)dx+2(x’y* +x+y*)dy =0, (Rule-1V) Ans. 3x°y* +6xy’ +2y° =0

50. Solve  (x+y—2)dx+(x—2y—3)dy=0 Ans. x+2xy-4x-2y*-6y=2c [RGPV Dec.1999]
3

51. Solve (a* —2xy—y?)dx—(x+y)’dy =0 Ans: a’x-xy(x+y)- y? =c [RGPV DEC.2000]
52. Solve  (2Y+ 6xy”)dx -+ (3x+8x"y)dy =0 ., Ans. Xy’ +2x°y" =¢ [RGPV Dec. 2004]

1. anx a'=amn @) =am 3) (@ab)" = ambm (4)

_h+./h? —
2. if @’ +bx+c=0 zng a#0 the roots of this equation is given by X = b+ ; 4ac
a
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LINEAR DIFFERENTIAL EQUATION OF HIGHER ORDER WITH CONSTANT COEFFICIENT
dZ
SECOND-ORDER DIFFERENTIAL EQUATIONS dx—ﬁ +p=L +qy=r(x) , where p(x), q(x), and r(x) are

continuous functions.

If r(x) =0 for all x, then, the equation is said to be homogeneous.

If r(x)#0 for all x, then, the equation is said to be nonhomogeneous.

Solving Second-Order Linear Homogeneous Differential Equations With Constant Coefficients (When

r(x)=0):

Two continuous functions f and g are said to be linearly dependent if one is a constant multiple of the other. If
neither is a constant multiple of the other, then they are called linearly independent.

To Find Solution of homogeneous differential equation:

2 dy

. . : . - : . d ) ) :
Find “auxiliary quadratic equation” or “auxiliary equation” by Replacing # with mz,a with m, and y with 1
Case- | : If auxiliary equation has real and distinct roots m; and m;, then

Complementary Function,

CF=y=y.(x)=ce™ +c,e

m,X

Case-11 : If auxiliary equation has real and equal root m; = m,; =m then

CF.=y=y.(X)=ce™ +c,xe™ =(c, +c,x)e™

Case —I11 : If auxiliary equation has complex roots m=a = fBi (i.e. m =a+ i and m, =a — fBi)then

CF.=y=y.(x)=e”(c,cos fx+C,sin fX)

Solution of Second-Order (or Higher order) Linear Nonhomogeneous Differential
Equations With Constant Coefficients (When r(x) =0 )

2
The General solution of%+ p%+qy =r(x) is [y(x) =Y, (X)+y,(X) =C.F.+P.l. ]
To Find P.1.
When r(x)= e** Put D= a, except when f(a) 1 1
1 40 P.l.= e = e
f(D) f(a)
When r(x)= e** Put D=D+a and Solve the 1 . e
2 | (Special Case When f(a)=0) | equation for 1= x° or e* P.l.= me “f(D1a) 1
When Put D°=-a° and Solve the . .
r(x)=sinax or cosax equation for D by Pl.= f(D?) sinax =~ (—a?) sinax
3 rationalization of the equation
(same for cosax)
Except f(-a%) # 0
When If f(-a°) =0 then use . X
r(x)=sinax or cosax P.l.= msm ax =g Cosax
4 (Special Case)
P.l.=————-cosax= ~ Xsinax
f(D*+a%) 2a
When r(x)= x" Expand Series f(D)* usin 1, om
¥ (1-2)'1= 1+x +X(2+))(3 ...... ) P.1.= f(D) x"= (D) x
5 (1+x)=1x +x2- X,
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F or Product of Two Functions :

When r(x)=e*V Put D= D+a for e and then | | _ 0¥ _ g 1y
5 (Where V is the function of x) use given formua (For T (D) T f(D+a)
solving V use formula from 1
to 5)
When r(x)=xV For solving V use formula Pl = 1 V= 1 vV f'(D)
7 | (Where Vis the function of x) | from 1to 5 D) X f(D) _[f (D)
General Method : 1 Q= ! Q= Aie"‘lx_[e’“lxdx
f(D) " (D-a)
OR
L Q= ! =[ A + A F v + A, 1Q
f(D) (D_al)(D_az)(D_as) ------ (D—O{n) (D_al) (D_az) (D—Oln
= A_Lealxje‘“lxdx+ ............................... + A]e“nxje’““xdx

53. Solve & 9Y _4W 3y-0 Ans: - [Nov.2019]

dx dx

d2y dy -1
54. Solve —-+2—+y=0 Ans: y= c,x)e ™

olve e i y ns: y=(c, +C,X)

d’y ,dy i :
55. Solved—2+ 2&+5y:0 Ans: y=e~7(c, Cos2x +C, Sin 2X)

X

2

56. Solve d—¥+6ﬂ+9y=5esx [Nov. 18, May 18]

dx dx

X H X —X l X
57. Solve (D2+1)(D2—1)y=e2 +X* Ans.: ¢, COSX+C,SiNX+C,e* +c,e +Ee2 —x°[ Dec.2002]

58. Solve  (D*-7D+6)y =¢** Ans. y=ce*+c,e®™ —%ezx
3,43x
59. Solve  {(D-1)*(D-3)*}y=e* Ans: y=(C,+C,x)e* +(C, +C,x+C.x*)e* JXe
24 [Dec 2010]
60. Solve (D® +1)y = (e* +1)° Ans. y=ce " +e"*(c, cos§x+c3 sin?x)+%e2X +e +1
61. Solve (D*+4D+3)y=¢> Ans. y=ce ¥ +c,e* - ge‘“
62. Solve  (D*-3D?-4)y =5sin2x [Nov 2018]

3
63. Solve (D+2)(D-1)" y= [Nov. 2019]
d? y dzy_ﬂ

1 )
64. Solve —+4+—2 —y=c0S2X Ans: y=Ce*+(C, +C,x)e ¥ ——(cos2x + 2sin 2x
o o o) y=Cpe" +(C,+C;x) 25( )

65. Solve 3 2/ 3 gy +2y=4cos’Xx Ans: y=Ce*+Ce™ +1+%(3sin 2X —C0s 2x) [Dec.02,June07]
X X
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2 X

66. Solve %+4y:eX +sin 2x Ans: y=C, cos2x+C,sin 2x+%— XC0S 2X [june2012, June 17]
X
3 2

67. Solve M—?)d y+4ﬂ—2y=cosx+eX

dx* dx*  dx
Ans: y=Ce* +e*(C,cosx+C,sinx)+xe* + % (3sin x+cos x) []Dec.2012 June 17]

2
68. Solve (D?+4)y=x* Ans. y:clc052x+czsin2x+§ —%

69. Solve (D°+3D*+2D)y=x" Ans. y=c,+Ce*+ce ™ +$ X(2x* —9x +21) [June 06, 2015]

3 2
dy,d y—ﬂ—y:0032x+3eX [June 16]

70. Solve — Tt
dx* dx° dx

2
. X2 X .
71. Solve (D? +4)y = x* +cos® X Ans. y = C, COS2X +C, Sin 2x+7+§sm 2X

2X 3 2
€ +5 —3%+4x [June 04].

72. Solve  (D®+4D?+D)y =€+ x> +X Ansy=c, +(C,Xx+C;)e* + 513

COS 2X
8  [June2011]

73. Solve (D? —4D+4)y = 3e* + x* +sin 2x Ans.y=(cl+c2x)ezx+%(x2—2x+g)+3ex+

74. Solve  (D°-3D+2)y=540x¢" Ans. y = (c, +C,X)e* +c,e*135e*(x* + g)

75. Solve  (D? +2D+4)y =€e*sin2x Ans. y:eX(clcos\/§x+czsin\/§x)+$—3(33in2x—80052x)

-3x

76. Solve (D*+5D+6)y=€7"sin2x Ans. y=ce > +c,e —%e‘zx(c052x+25in2x)[June 16]

77. Solve  (D® +4)y = xsinx Ans. y=clc052x+czsin2x+§sinx—gcosx
3 9
2 . «  (x+1 1.
78. Solve  (D° —2D +1)y = xsinx Ans. y =(c, +C,Xx)e +Tcosx—53|nx [June 2006]

79. Solve (D*-2D+1)y=xe*sinx  Ans. Y =(c, +C,X)e* —e"(xsin X+ 2c0sX) [June 02, 08,Dec.08]

80. Solve (D? —4D +4)y =8x%e*sin2x Ans. Y =(C, +C,X)e”* +e”[(3—2x?)sin 2x—4xcos 2X] [Dec03]
SIMULTAANEOUS DIFFERENTIAL EQUATION

dy o dy _
8L. solve E_sze ! ’ E_sze ! [Dec. 2002]

2

82. Solve Dx+2y=¢e', Dy—2x=¢e"', Ans. yzge‘—%e“+clsin2t—020052t

. d .
83. Solve Dx+y=sint, Dy + x =cost m = D ,given that ,x=2,y =0 ,at t=0,
Ans. Y= sint+e' —e', x=¢e'+e" [June 02, 07,08,09 ,March 10, Dec. 2011 ,june2012, Dec.13, June 17, 18]
84. Solve Dx+Dy+3x=sint, Dx+y—x=cost, [Nov. 2018]

85. Solve Dx—-7x+y=0 , Dy—2x—-5y=0 where %: D
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Ans. x=g%(c cost+c,sint) ,y=e"[(c, —c,)cost +(c, +c,)sint] [ RGPV DEC. 05,10,12]

X=C,cosmt +C,sinwt y=—C sinwt —c, coswt

86. Solve Dx+wy=0 , Dy—wx=0, %= D Ans. [Jan.06]

87. Solve  Dx+5x+y=¢e', Dy—x+3y=¢e”, D [ RGPV DEC. 03,14, June 16(CBCS)]

2t

4 1 1 7
Ans. x=(c +ct)e™ +—e' ——e* y=(c+Ct+cti)e™ +—e' +—e”

25 36 25 36
88. Solve Dx=2x+6y , Dy=x+Yy ,Ans. Xx=ce ' +ce" , y= %clet —%cze‘“ [ June 06 ,DEC. 2011]

HOMOGENEOUS LINEAR DIFFERENTIAL EQUATION OR CAUCHY’S EQUATION.

/

n

n-1
ad™y
n-1

. . . d
The differential equation of the type X" d—2/+ aX
X

dx

............ +a,y=Q, where a, ay,......a, are

constants and Q is either constant or some function of x.

. d d , d?
Putx=e“orz=logx , Xx—=—=D X 5
K dx dz +dx

\

)

89. Solve (X’D* —2xD—4)y =x*+2logx, Ans.y =X +C,X " ——

Solve (X’D?+2xD—-20)y =(Xx+1)*, Ans. y =Cc,X* +C,X° _1(_8

90.

_logx 3

[Dec.02,June 07, DEC 11,13, June 15]

L1 [ RGPV DEC 2010]
10~ 20

91.

92.

93.

94.

95.

96.

97.

98.

99.

2

X

Ans. y=CX*+C,X° ——
y=¢ X 13

X

Solve (x*D?+2xD—-20)y = x?, [ RGPV Junel6(CBCS)]

Solve

(X*D* +xD-1)y = x’e*, Ans. Y =CX+C,X "+ Xe —%(x— 2+l)eX [RGPV DEC 2011]
X

Solve (x°D*—xD+1)y=Ilogx |, [June 18]

Solve (x*D*+5xD+4)y=xlogx , Ans y=(c, +c, logx)x~ +2—X7(3Iog X — 2) .[June 06]

3
Solve (x*D* +2xD -12)y = x’logx Ans.y =¢,x> +¢,x* + %[7009 X)* — 21og X] [June 08, March10, Dec.12]

Solve (x°D°®+2x°D”+2)y =10(x +1)
X

Ans: y =c,x "+ x[c, cos(log x) +c, sin(log x)]+5x + % log x [June 03,07, April 09]
Solve (x°D®+3x’D?+xD+1)y = x+log x
Ans: y=CX '+ \ﬁ[c2 cos(% log x) +c, sin(? log x)]+ g +log x [June 2014]
Solve (x’D* + XD +1)y = log xsin(log x) ,

Ans. y =c, cos(log x) +c, sin(log x) —

(log x)*
4

cos(log x) +% log xsin(log X) [Dec.05,Jan 06, DEC 08]

Solve (x°D® +3x°D? + XD +8)y = 65cos(log x) Ans y =¢,x™ +X[c, cos(log x) + ¢, sin(log x)] +5x + 2 log x
X [Dec03]
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USEFUL FORMULAE For Unit-4

FACTORIZATION OF THE SUM OR DIFFRENCE OF TWO ANGLES FORMULAE

(i) 2sinAcos B = sin(4A + B) + sin(A — B), (i) 2cos Asin B = sin(A + B) —sin(4 — B)
(iii) 2cos Acos B = cos(A + B) + cos(A — B), (iv) 2sinAsin B = cos(A — B) — cos(A + B)

(MULTIPLE ANGLE) FORMULAE

2tanA D) tan 24 = 2tan A
1+tan24’ (it) tan24 = 1—tan2 A
1—tan’ A

1+tan?A
(iv) sin34 = 3sinA — 4sin® A, (v) cos34 = 4cos>A—3cosA, (vi)tan34 =

(i) sin24 = 2sinAcosA =

(iii) cos2A = cos?A—sin?A=2cos?A—1=1-2sin’A =

3tanA —tan® A

1—3tan%4
HALF ANGLE FORMULA
A A Ztan% Ztan%
) sinA=ZsinEcosE=—, (ii)tan A = I
1+tan?> 1—tan?%
2 2 A
A A A 1 — tan? 5
(iii) cosA = Coszz—sinzzz 1-— Zsin25= 2cos’=—1 =—2
1 + tan? 5
(iv) 1 — cos A = 2sin?(4/2), 1+ cosA = 2cos?(A/2)
HYPERBOLIC FUNCTIONS
ex _e—x er _1 1_e—2x
coshx=4%(e*+e™* sinhx=1(e*—e™ tanh x = = =
d ) 4 ) ef+e e+l l+e™
1 1 sinh x
sechx = , cosech X = — , tanh x = =
cosh x sinh x cothx coshx
cosh(—x) = cosh x tanh(—x) = —tanh x

Log forms of hyperbolic functions :

cosh’1x=ln{x+\/x2 —1}, x>1 sinh*1x=ln{x+\/x2 +1} , all x tanh‘lx=%ln(l+ X),—1<x<1

1-x

Properties of Hyperbolic Functions:

cosh® x—sinh? x =1 1-tanh® A=sech® A 2sinh? x +1= cosh 2x
sinh 2x = 2cosh xsinh x cosh 2x = cosh? x +sinh? x 2cosh? x—1=cosh 2x
sinh(A+ B) =sinh Acosh B + cosh Asinh B | cosh(A+ B)=cosh Acosh B +sinh Asinh B

Some Useful formulas: LIMIT OF SOME SPECIAL FUNCTIONS
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1

. 1 Sy 1 sy =
(i) lim==0 (i) lim (1+>5) =e (iii) lim(1+x)* =e
X—m ¥ X—>—00 X x—0
. sinx _tantx .. sin'x _ .. tanT'x
(iv) lim——=1=Ilim =lim =lim
x=>0 X x—0 X x—0 X x—0 X
eX _ X _ Xn _ n
(v) lim =1 (vi) lim =1Ina ,a>0 (v) lim = na"*
X—>00 X X—>00 X X—>00 X — a
0

N ,OX(X) ’00 1w0

INDETERMINATE FORMS 0
limit by using L-hospital rule or by solving the fractions.

,00—oo ,17  resolve indeterminate form before using the

DIFFERENTIAL AND INTEGRAL CALCULUS
First Principle: The derivative of the function f(x) is the function f”(x) defined by

100 =L {1 (9] = im, , 0D =109

h
S.No Differentiation Integration
1 d n n—1 Xn+l
— X" =nx ndy — -
ax fx dx n+1+c, n# -1
2 d ax ax eax
—e*¥ =ae e¥dxX = —
dx j a
3 1 1
iIogex:— I—dx:logx
dx X X
4 d 1 X
—log, x==log, e Jardx=
dx X log, a
5 d . . cosax
— sinax = acosax I3|naxdx:—
dx a
6 d . sinax
&cosax=—asmax .fcosaxdx= "
7 d —logsecax logcosax
d—tanax=aseczax jtanaxdx: g _199
X a a
tan ax
jsecz axdx =
a
8 —1 logsin
dicotax = —acosec?ax Icotaxdx _ —logcoseeax _ 1ogsin ax
X a a
—cot ax
jcoseczax dx =
a
9 d secax
—secax dx = asecax tan ax Isecaxtanaxdx=
dx a
X
jsecxdx =log(sec x + tan x) = log tan(% +§)
10 d —cot ax
d—cos ecax = —a Ccos ec ax cot ax I cosecax.cotax dx =
X a
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Icos ec xdx =log(cosec x —cot x) = log tang
11 d . 1 1 .
—sin'x= dx =sin™ x
dx 1—x? J.\/1—x2
12 d 1 -1 1 1
—CO0S X = dx =—cos™ X
dx 1—x2 J‘x/1—x2
13
itan‘lx: ! - I ~dx =tan™" x
dx 1+X 1+X
14 —
icot‘l X = 12 J' —dx =—cot™ X
dx 1+x 1+X
15 d 1
—sec 'x= dx =sec™ x
- 1 o
16 icos ec X =— j ! dx = —cosec™'x
dx x«/x_z—l xa/x% —1
17 MULTIPLICATION FORMULA MULTIPLICATION FORMULA
— f (). £,00 = f (X) f(X)+ f (X) f 2(X) Iu.vdx :ujvdx— I{diu .Ivdx}dx
X
Leibnitz successive integration by Parts
18 DIVISION FORMULA(Quotient Rule) =
_(i f)— fl.(i f,) ujvdx—u'”vdx2 +u"_[“‘vdx3 ............... ”Jvdx”
(_) — dx dx n
dx f, (f,)
19 d 1 1 xH2
v — _dX: X—l/ZdX:_
dx 24x J Jx J 1/2
Some Other Formulae for Integration
1. X 1 1, X
=—sm dx=—tan" —
I«/ Ixz +a’ a a
1 a+x
dx = —_— ——t nh~
J‘az —x? 2a ( ) (aj
—a<x<a

[——=— dx =log(x+/a® +x*) =sinh"* (EJ
Ja? 4% a

1 _ af X
jﬁdx =log(x++x?—a?) =cosh 1(5)

Ix/az —x%dx :%[xx/a2 ~x* +a’sin™ g]

Ix/xz +a’dx :%[xx/x2 +a’ +a’log(x +/x*+a?)]

jeax .Ssinbxdx =

R [asinbx —bcosbx]
_|_

Ix/x2 —a’dx =%[xx/x2 —a® +a’log(x—/x*+a?)]

Ie“.cosbxdx =

>—— [acosbx +bsin bx]

a“+b

Differentiation and Integration of Hyperbolic Functions:

sinh x cosh x tanh x

f(x)

sech x

cosech x coth x
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di £(x) cosh x sinh x sec?h x —tanh xsech x —cosech x coth x cosech? x
X

J' f (x)dx | coshx sinh x logcoshx | tan™(sin hx) logtanx/2 logsin hx

Definite Integral:

L [feodx=[f(ydy =t

2. [ f(x)dx =] £ (x)dx
3. [tedx=[f()dx=[0dx=0
b c b
4. Leta<c<b,then j f (X)dx = j f (X)dx + j f (x)dx
5. 0] If f(—x)= f(x) (Even Function) then .[_aa f(x)dx = ZIOa f (x) dx
(ii) If f(—x)=—f(x) (Odd Function) then j f(x)dx =0
6. If f(x) is periodic function, with period T i.e. f(x+T) = f(X)

@) [[teoax=[""fgdx () [ fgax = [ £ (x)dx

Some Standard Results:

sin x i CoS X T 22 Jr
5o o=% [ S e o=
_]:Oe aZXZdX_g’ Ioe‘axzdx=\/;, ]ze‘axdx=§,
Txe‘xzdx: ,
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