HANDOUT FOR OPEN BOOK EXAMINATION
FOR C-21 III SEMESTER

SC-301-APPLIED ENGINEERING MATHEMATICS

UNIT-I

Integration.

Integration is the inverse process of differentiation.

¥ © N o u &

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

n+1

Ix”dx _X

+C,n=-1
n+1

Ildx:logx+c
X

X

Iaxdx: a +C
log a
jexdx:ex+c

Isin xdx=-cosx+C
Icosxdx:sin x+C
Itan xdx=log |secx|+C

jcot xdx = log |sin x| +C

Isec xdx = log |sec x +tan x|+C or log | tan(%+§j | +C
jcosecxdx= log | cosecx—cot x | +C or log |tan(§j | +C
Isec2 xdx=tanx +C

jcoseczxdx =-—cotx+C

jsecxtan xdx=secx+C

jcos ecxcotxdx = —cosecx+C

Isinh xdx=cosh x+C

_[cosh xdx=sinh x+C

Isechzxdx =tanhx+C

fcosechzxdx = —cothx+C

fsechxtanh xdx = —sechx+C

Icos echxcoth xdx = —cosechx+C
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1

21. — dx=sin"x+C
22. f1+1x2 dx =tan™'x +C

23. J' L dx=sec'x+C
Xy x% =1

24. j ! dx=sinh*x+C

V1+ X2

25. _[ 1 dx=cosh™*x+C

Vx? -1

Formulae for integration by substitution

f(ax+b)
a

2. jf(g(x))g'(x)dx [ Hint put g(x)=t]
3. jf(x”)x“‘ldx [ Hint put X" =1]

1. Ifl(ax+b)dx: +C

4 (IR0 £ (o= LT

n+1

5. jf'—(x)dx=|og|f(x)|+c

f(x)

f'(x)
6. ———=dx=2yf(x)+C
J‘w/f(x)
7. J'sin " xcos" xdx where m'and n are positive integers

e Case (i): when 'm'is odd then put cosx=t
e Case (ii): when 'n"is odd then put sinx=t
e Case (iii): when both 'm' and 'n' are odd and m<n then put cosx=t and

m>n then put sinx=t.

e (Case (iv): when m and n are small positive even integers then use
1—cos2x 1+cos2x

2

and cos?x =

sin’x =
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Nine Standard integrals:
1. [——=dx=-tanZ+¢
a a

a?+x?
2. faZixz dx=ilog% +c
3. fxziaz dx=%log§+c
4. f\/ﬁ dx:sin‘1§+c
5. f\/ﬁ dx=cosh‘1§+c(or) log|x + Vx2 —a?| +'¢
6. f\/ﬁ dx=sinh‘1§+c(or) log|x + Va2 + x2| + ¢
7. Ve —xPdx=%Val-xZ+Lsin i+
8. [VaZ+aldx=1 VaZ+xZ+Lsinh'i+c
9. fmdx=§ m—a;cosh‘lg+c

Integrals of the form

1 1 >
J = dx,f—m dx and [Vax? + bx + c dx

Hint : Express ax? + bx + ¢ as sum or difference of two squares then use above
nine standard integrals.

1 1 1
Integrals of the formf a +b sinx dx, f a tb cosx dx, f a cosx+tb sinx +c

Put tang = t, so that

it si 2t p 1—t?
, SINX = — anda cosx =
2 1+1t2

dx =
x 1+t2 1+t
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UNIT-11

Indefinite Integration-II

1. Integration by using partial fractions.

To resolve given proper rational fraction into partial fractions using the
following table

S. No. Form of the proper fraction Form of the partial fraction

1 _px*q azb A + B

(x—a)x-b)’ (x-a) (x-b)
PXZHOX + 1 A N B - C

? | x—alx-blx=0) (-a) (x-b) " (x=)

pX+q A N B
D (x=a) " (x—af
PXZ + QX+ A B. C

* | xCaf(x-b) (x=a) (x-a)’. (x-b)

pX? + QX+ r A o Bx+C
(x—a)ax? +bx+c) (x—a) " (ax® +bx-+c)

5 Where A,B and C are constants
to be determined and ax’ +bx+c
is an irreducible quadratic
polynomial.

Note: If the given fraction is improper, then divide the numerator with

denominator and use the following:

Numerator

Remaindor
Denomin ator

= quotient+ —
Divisor

INTEGRATION BY PARTS
1.0V dx=U [vdx— [ (T [Vdx)dx

dx
To choose U we follow the Order "ILATE'
ILATE means

I-Inverse trigonometric function (Ex: sin'!x, cos*x, tan''x etc)

L-Logarithmic functions (Ex:logx,logx? etc)

A-Algebraic functions (Ex: x°,x?%,(x-x?) etc)
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T-Trigonometric function (Ex: sin X, cos X, tang ,sec 2 a etc)

X

E-Exponential function (Ex: e * “a >, e ¥ etc)

2. Bernoulli"s Rule

f UVdx =UV,—UV,+UV3-U"Vy4+ -

1. Where U,U",U""......are successive derivatives of U ,

N

. V1 V3, V3 ....are successive integrals of V

eax

ax oy —
3. [e¥sinbx dx = ——

(asinbx — b cos bx) + ¢

4. [e*cosbx dx = %(acos bx + b sin bx) + ¢
5. [e* (f(x) +f'(x)) dx = e*f(x) +c

UNIT-III

Definition: f:f(x)dx = [g(x)]2 = gb) - g(a)
d
where dx [g@)] = f(x)

Properties:
1. [Pfeodx = [ f(dt

2. [26()dx = — [ fodx

3. [Jf(0dx = [f®)dx + [ f(x)dx a<c<b.
4. [Tfdx = [ fa =%)dx

5. Jy fGdx = = [M[f() + @ — x)]dx

2 [ Oa f(x)dx, if f(x)is an even function
0, iff(x)is odd function
2 [, f(x)dx,if f(2a — x) = f(x)
0, iff(2a—x) = —f(x)

6. [ f(x)dx = {

7. [P (odx = {
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UNIT -1V

. The area bounded by the curve y = f(x) ,the x-axis and the lines at

x=a and x=b is given by |f:y dx|

. The area bounded by the curve x = g(y) ,the y-axis and the lines at

y=c,and y=d is given by |fcdx dy|

. The area bounded by the curves y, = f(x) and y, = g(x) and twao lines

x=a and x=b is given by |f: (yl—yz)dx|

. The area bounded by the curves x; = f(y) and x, = g(y) and two lines

y=c and y= d is given by |de (xl—xz)dx|

VOLUME OF SOLID OF REVOLUTION

(a)

(b)

()

(d)

(e)

(H)

The volume of the solid generated by the revolution of the area

between the curve y = f(x), the x-axis and two ordinates x =a and
x=Dbis given by V = |f:ny2dx|

The volume of the solid ‘generated by the revolution of the area
between the curve x = f(y), the y-axis and two abscissa y=a and
y =b is given by V = |f;nx2dy|

The volume of the solid generated by the revolution of the area
bounded by two curves y, = f(x) and y, = g(x)and two abscissa x =a
and x ='b about x-axis is |f: T(y12 — ¥22) dx|

The volume of the solid generated by the revolution of the area
bounded by two curves x; = f(y) and x, = g(y)and two ordinates y =a
and y= b about y-axis is |ff m(x,2 — x,2) dx|

EVEN FUNCTION: A function f(x) is said to be even function if f(—x) =
f(x), for all x

For example: x2,x* x? + x°, Cosx ........

ODD FUNCTION: A function f(x) is said to be odd function if f(—x) =
—f(x), for all x

For example: x,x3,x + x3,Sinx ........

Page 6 of 10



SOME USEFUL TRIGONOMETRIC IDENTITIES
1) Sin’x + Cos*x =1

2) Sec?x —Tan’x =1

3) Cosec?x — Cot?x =1

4) Sin (A+B)=SinA.CosB+CosA.SinB
5) Sin (A-B)=SinA.CosB-CosA.SinB
6) Cos (A+B)=CosA.CosB-SinA.SinB
7) Cos (A-B)=CosA.CosB+SinA.SinB

TanA+TanB
8) Tan(A+B) = ————
TanA-TanB
9) Tan(A ~B) = T ———
CotA.CotB—1
10) Cot(A+B) =222
CotA.CotB+1
11) Cot(4—B) =200

12) Sin2A = 2S5inA.CosA

2TanA
1+Tan2A

13) Sin24 =

14) Cos2A = Cos?A — Sin?A
__ 1-Cos2A
T2

__ 1+4+Cos2A
2

15) Cos2A =1 =2S5in?A (or) Sin’A

16) Cos2A=2Cos*?A -1 (or) Cos?A

Yy 2
17) Cos24 ==fal

1+TanZ?A

18) Tan24 =224
1-Tan“A

__3SinA-Sin3A
4

20) " Cos34 = 4Cos®A — 3CosA (or) Cos?A =220

19) Sin3A = 3Sind — 4Sin®A (or) Sin34

3TanA-Tan34
1-3TanZA

21) < Tan3A =
22) 2SinA.CosB = Sin(A + B) + Sin(A — B)
23) 2CosA.SinB = Sin(A+ B) — Sin(A— B)
24) 2CosA.CosB = Cos(A+ B) + Cos(A — B)
25) 2SinA.SinB = Cos(A— B) — Cos(A+ B)
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1.2

1.3

UNIT-V

Mean and RMS values

Mean value: The mean value (MV)of the function y=f(x) over the

interval [ a, b] is defined as
b

1
MV = fydx

b—a

1

Mean square value of function: The Mean Square value (MSV) of
the function y=f(x) over the interval [ a, b] is defined as

b
MSV = ! fzd
" b—a yoax
a

b
1
< — | ireorar

Root Mean Square ( RMS ) value: The Root Mean Square (RMS)

value of the function y=f(x) over the interval ( a, b) is defined as

b

1
RM lue= |—— | y?d
SValue b—ajy X

a

1
b—a

b
[ ax

a

Numerical Integration

Trapezoidal Rule:
b

h
fydxz 5[(yo+yn)+2(y1+yz+y3+---+yn_1)]

a

where n is any positive integer, h = bn;a and yo, ¥4, Y3, .....y, are the values of y

when x = xy, x4, x5, .... x, (Where x, = a,x,, = b)
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2.2 Simpson's Rule:

b

h
fydx ~ 5[(3}0 +y) +4(y1+ Y3+ yst ot yn1) F 2002t yatYe o+ yn-2)]
a

where n is any positive EVEN integer, h = b%a and yo, y1, Y2, ..... yp are the

values of y when x = x4, Xy, X5, ... X, (Where xo = a,x,, = b)

UNIT-VI
Differential Equations of first order

1. Formation of differential Equation-The differential equation can be
formed by eliminating arbitrary constants using differentiation.
2. Solution of differential Equation by
(a) Variables separable
(b) Homogeneous Equation
(c) Exact differential Equation
(d) Linear differential equations
(e) Bernoulli's equation

2.1 Solution of DE by variables separable:

If a differential equation can be expressed in the form f(x) dx + g(y) dy =0

or Z—z = % then such a form is called variables separable.

The General Solution of f(x) dx + g(y) dy =0is [ f(x)dx+ [ g(v)dy = ¢

Where 'c'iis an arbitrary constant.

2.2 Homogeneous differential equation
A function f(x,y) is said to be a homogeneous function in x and y of degree

n,if f(kx,ky)=k" f(x,y), for all values of k where n is constant.

. . . dy y ay _
(a) Put the given equation in the form of x —f(x) or — 90y
f(x,y) and g(x,y) are both Homogeneous functions of same degree.

_ 4y _ v
(b)  Put y=vx so that L=V + x—

(c) Solve the new differential equation by variable separable method and

substitute v= f
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2.3 Exact differential equation

The DE M(x,y)dx+ N(x,y)dy=0 is said to be exact if Z—I: = g—:

Its general solution is

M dx + f Ndy=¢C

(y constant) (no x terms)

(OR)
e [M(x,y)dx by treating y as a constant

e [N(y)dy take the terms free from x
e The solution of exact differential equation is [ M(x,y)dx + [N(y)dy =c

2.4 Linear differential equation (LDE)
The differential equation is of the form z—z + Py = Q is called LDE, Where P

and Q are either constants or functions of x.
Integrating Factor (I.F) =e/Pdx
General Solution (GS) of LDE is
y (I.LF)=[Q (I.F)dx ¥ ¢

2.5 Bernoulli's equation (Reducible to LDE)

The differential equation of the form Z—z+Py = Qy"™ is called Bernoulli's

differential equation where P and Q are either constants or functions of x
and.n+0,n#1
(a)  Divide the given equation by y"

(b) Puty'" = v and get the Linear equation in v
(c) = Solve the Linear equation in v

(d) Substitute v to obtain general solution.
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