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Some Useful formulas: LIMIT OF SOME SPECIAL FUNCTIONS

1

. 1 o E
(1) lim==0 (i) lim (1+—) =e (iii) lim(1+x)* =e
X*)OOX X—>—00 X—>
-1 -1
(iv) I|m sin X _1=li mtan X —lim sin™ x —lim tan™ x
X x—0 X x—0 X x—0 X
. et -1 - - .o x"-a"
(v) lim € =1 (vi) lim 2 =Ina ,a>0 (v) lim 4 _ pamt
X—>00 X X—>00 X X—00 X_a
0 0

=, = 0xom ,0° 0
INDETERMINATE FORMS 0
the limit by using L-hospital rule or by solving the fractions.
DIFFERENTIAL AND INTEGRAL CALCULUS
First Principle: The derivative of the function f(x) is the function f”(x) defined by

£ =< [F00]=tim, - XD =T

,00—o0 ,1”  resolve indeterminate form before using

h
S.No Differentlatlon Integration
1 n+l
ixn:nxn_l '[Xndx_ +C n¢ _1
dx n+l
2 o
ieaX =ae™ jeaxdx__
dx a
’ i|09 x== jldx—logx
dx ° X X
4 d 1 x
—Ilog, x=—1log, e J.axdx:
dx X log, a
9 d . cosax
&anax:acosax J.smaxdx=— -
6 d i sin ax
o Cosax=-asinax _[cosaxdx: -
7 —
ditan ax = asec? ax J'tanaxdx= logsecax _ logcosax
X a a
_[secz ax dy = AN &
a
8 ~ -
dicotax:—acoseczax Icotaxdx: logcosecax _ logsin ax
X a a
J.coseczax dx = —COt &
a
9 d secax
—secaxdx = asecax tan ax _[secaxtanaxdx =
dx a
'[sec xdx = log(sec x + tan x) = log tan(% + g)
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10 d —cotax
— COs ecax = —a cos ec ax cot ax _[cos ecax.cotax dx =
dx a
jcos ec xdx = log(cosec x —cot x) = log tang
11 d . 1 1 .,
—sin" x= dx=sin"" x
dx 1—x2 J.x/l—xz
12 d . 1 1 B
—COS ™ X = dx=—cos™ x
X 1—x° J.xll— X2
13 9 antx=—2 . J ~dx =tan™" x
dx 1+ X 1+x
1 9 cotix= _12 J ~dx =—cot™ X
dx 1+X 1+ x
15 ety 1 j dx =sec™ x
X xa/x? =1 x\/x_z—l
16 icos ec'x=— ! I ! dx = —cosec™x
dx xx% -1 X% —1
17 MULTIPLICATION FORI\/IULA MULTIPLICATION FORMULA
f(X) f,(x)=f (X) f(X)+ f (X) f 2 (%) ju.vdx :ujvdx— j{diu .Ivdx}dx
X
18 DIVISION FORMULA(Q“°t'e“t R”|e) Leibnitz successive integration by Parts
S )= (S 1) -
i(L): 2Tdx M dx 2 ujvdx—u'”vdxﬁu"j”vdx3 ............... I”vdx”
2
dx f, (f,) d
19 N 1 W2
— X =—= _d — —1/2d -2
o 20X J Nl Jxan= T
Some Other Formulae for Integration
j :lsm 5 j dx—— ntX
N X’ +a’ a a
j — dx:—l g(ﬂ)_—tanh*( j
a 2a a
—a<x<a
I ! dx =log(x ++/a? + x?) =sinh™ (ﬁj I ! dx =log(x++/x* —a?) =cosh™ (ﬁj
Ja? +x? a X% —a? a
J\/az — x*dx :%[x\/a2 —x* +a’sin™ 5]
a
I\/xz +a’dx :%[x\/x2 +a? +a’log(x +/x* +a?)] .[\/xz —a’dx :%[x»\/x2 —a? +a’log(x—vx* +a?)]
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ax ax

. e . e
e™.sinbxdx = [asinbx —bcosbx] e™.coshxdx =
.[ fa2+b2 J. ,a2+b2

Differentiation of Hyperbolic Functions:
f(x) sinh X cosh x tanh x sech x cosech X cothx

[acosbx +bsinbx]

d; ) cosh x sinh x sec?h x —tanh xsech x —cosech x coth x cosech? x

Note: the order of int. of the function is dependent on the nature of function. For convenience we use the

following concept of
ILATE [ I-INVERSE FUNCTION; L-LOGRITHEMIC FUNCTION; A-ALGEBRAIC FUNCTION

T- TRIGONOMETTREC FUNCTION; E-EXPONENTIAL FUNCTION ]

Definite Integral : [S'”X I%dx_ ,je—azxzdxzz_*/;, je—azxzdxzﬁ,
a a
0 —o0

o0

Te ¢ iy — \F .[eaxdx—i,jxexz

0

Fourier Transform
If f(x) is the function defined in the interval (-oc , oc ), uniformly continuous in the finite intervals and

I | f(x)|dx converges then the Fourier transform of a one-dimensional function f(x) is defined as

—00

3[f(x)]= F(s):%j f (x)e'™ dx [ Note: One can leave coefficient 1/2r ] .

The inverse transform 3 is defined as

SR ()] = f(x) = zi I F(s)e ™ ds , Where s is a parameter.
T

It may be represented by
1 7 i
3[f(X)]=F(s) =—— | f(x)e™dx
[f()]=F(s) EL (%)

and IHF(@s)] = f(x) = %i F(s)e ™ ds

and 3[f(x)]=F(s) =

hencemeans x>aand —x<a — x>aand x>-a or —a<x<a

T f(x)e?™ dx and I[F(s)]= f(x) = % T F(s)e 2" ds
00 T

X

X

Remark: 1. Since |X| = {X ’

|X|>ameans—oo ......... N (0 [T - YRR w:a<X<o and -c<x<-a
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. f(x) = X, [x|<a [x —a<x<a
us ~ 10, |xza |0, —w<x<-aand a<x<w

» For evaluation of integrals we use inverse Fourier transform.
Fourier Transform (o r Fourier Complex Transform):

Q. 1. Write Linear and Change of scale property for Fourier Transform. [June 2014]
Q. 2. State and prove shifting property for Fourier Transform. [Hint: F{f (x—a)}=¢e"? f(s)]
Q. 3. State and Prove Convolution Theorem for Fourier Transform.

WX,
Q. 4. Find the Fourier complex transform of f(x) ,if f (x) = {eo ’ iz); < )l()>b

[AnS F{f (X)}_ T [eI(S+W)b _ei(s+w)a]]

: : : N2x | sinse
Q.5. Find the Fourier complex transform of f(x) ,if f (x)=< 25 ' X [Ans: F{f(x)}= ]
0,
. . _ X, |X < a
Q. 6. Find the Fourier transformof  f(X) = {0, X > a
7. Find the Fourier transform of £ (x) = {3+ 5} 4 luat
Q. 7. Find the Fourier transform o = 10, |x>1 ence evaluate
(i) [ T s (G )j—d (i )j —d X [2003, June 17] [Ans: (i) Z (i) Z (i) Z]
2 2 2
. . —x2 <1 < —5Sj
Q. 8. Find the Fourier transform of f(X) == b Hence evaluate jM osidx
0. [x>1 | = 2
Q. 9. Find Fourier Transform of Dirac Delta Function.
- - : : : E, a<t<a+h glsa
[Hint : Dirac Delta function 6(t—a)=LimI(h,t—a)=Lim< h Ans: —1]
h—0 h—0 0 t<a,t>a+h \/E
. . . f —aX2 0
Q. 10 . Find the Fourier transform of the function , (x)_e ,a> [June 2015, 17]
o
Q. 11 . Show that the Fourier transforms of f()=e 2 is self reciprocal.
Q.7. Find Fourier Transform of f(x)=e ™ (or. f(x)=e ¥ ). [Ans: f(x)= \/7 > ]
a’+s?

Fourier Sine Transform:
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I [F ()] =F(s) :T f (x) sinsxdx = \/%I f (X) sinsxdx

0

and its inverse transform S‘ls [F(s)] = f,(x) = J' F(s) sinsxds = \/EI F(s) sinsxds
0 i
Fourier Cosine Transform:

- e _ 27 L
\sc[f(x)]_FC(s)__([f(x)cossxdx_\/;_([f(x)cossxdx_m

And its inverse transform

1 P _ 27 -1
C[F(s)]_fc(x)—'([F(s)cossxds—\EE[F(s)cossxds—E

f (x) cossxdx

O — 8

F(s) cossxds

o—38

Fourier Sine and Cosine Transform:
Q. 8. Find the Fourier sine transform of ~ f(x)= e **+e™ [June 17]

: , : cosx ; O0<x<a
Q. 9. Find the cosine transform of the function  f (x):{0 ‘s a
;X >

. ) i sinx ; 0<x<a
Q. 10. Find the sine transform of the function, f (x)=
0 ; X>a [Dec. 2014]

Q. 11 . Find Fourier sine and cosine transform of e™ and recover the original function using inverse formula.
o A sm AX

Q. 12 . Using Fourier integral show that j 2
+

dﬂ—z k>0, x >0 [Hint: Find F.Sine T. of f(x)= ™

Q. 13 . Find the sine and cosine transform of the function, f (X)ze_ax

COS SX T o
ds=—e"
+52 2

Q. 14 . Find the cosine transform of the function f(x)=e ok ,X>0and prove that I

Q. 15 . Find the Fourier sine transform of the function f(x)=e I ‘,x > 0and prove that

xsinmx . _ 7
I 1 =—e",m>0
e [June2014]
X ;0<x<1
Q. 16 . Find the Fourier transform of f(x) =<2-x;1<x<2 [June 17]

0 IX>2
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: e : ] t Xsinmx
Q. 17 . Find Fourier Sine and Cosine Transform of f (x) =e ¥/ . Hence evaluate jﬁdx .[Dec. 2011]
) 14X

Q. 18 . Prove that (i) F{xf (x)}= —% F{f(x)} (i) R (X)}= % F{f (x)}. Hence evaluate

Fourier cosine and sine transform of f (x) = xe™®

Fourier transforms using Differentiation:
Q. 19. Find the sine transform of the function, f (x):%

—ax
. o e
Q. 20. Find the Fourier sine transform of f (x) = «_ - Hence find the Fourier sine transform of 1/x.

[June 2016,17]

) ] ] 1
Q. 21 . Find Fourier cosine transform of f (x) = 1+ 2 and hence derive fourier sine transform of

X
f(x)= 1ox2 [Hint Find F. Cosine T. and Diff. two time to make second order diff eg. and solve it]

2
Q. 22 . Find the Fourier sine( and Cosine ) transform of f(x)=e™  ance find the Eourier sine transform
of 1/x. [Hint Find F. Sine / Cosine T. and Diff. the eq. to make first order diff eq. and solve it]
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