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BEATING THE MEMORY

[Formulae, Properties and Resulits to be remembered from all the chapters at a glance]

Unit - 1 : FOURIER SERIES

»  Fourier series of period 2w and Euler's formulae for the Fourier coefficients
y, 4, b

H
ay = o
flx) = ot Y a,cosnx+ 3 b sinnx... [Fourier series}
n=1 =1
C+27

1
= _[ f(x) dx
s
c+2m

:_t I f{x)cosnx dx

C
c+2m

=
I

i

. L _[ f(x)sinnx dx [Euler’s formulae]
! n I

[

>  Fourier series of arbitrary period 21 and the related Euler’s formulace

a - ) -
f(x) = 70 + 3 a4, cos ET X + 3 bn sin E?-l [Fourier series]
n=1 =1
1£+21
ag =7 I f(x) dx
{
lc+2!
by =7 j f(x)cos 1?1 dx
s
c+ 21
= % J f(x)sin _’_?.?}— dx ... [Euler’s formulae)

c

»  Fourier cocfficients in the case of even and odd nature of f(x)
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A — —mm e e e L T I
; || f{x) is even ' f(x) isodd ;
| I_ntewal l_ ________ S e . !_ . |. .. e s R —— |

i a i a b a a. . b _
S U——— 2 L B -] ”1 o] e .
P(-m, )y, W n : ! | . i
|
or |!§If(x)dx|i _[f(x)cosnx dx; 0 ;010 |2‘_[f(x)sinr:_rdxi
. ! - .
0 \

| : i .
(0, 2 o .
!_..( ___._R) L . v o S ____r. ___{__ [_?.___._ —e .,

(-1, 1) ‘ | '

or |! » { g ! - | 3 !
. ¢ . i ; ;
(0,20 / _‘.f(x)dx‘l _[_f(x}cos --I—-dx; 0 0 -0 i _[f(x)sin”-?—xdxi
| typeof | " o 0 ' .0 ' '
© intervals ! | l _

)

| Note: f(x) is even implies b =0and f(x) isodd implies ay,=0=a

> Half range Fourier series (cosine / sine) along with the related formulae for the Fourier

coefficients.
e T T Co el
" f(x) in Requirement . Series : Fourier Coefficients
| . a0=gff(x)dx
! (0, m) ' Cosine series 2“ + 3 a4, cosnx g
. ' i ! 2
i | a, = - ff(x)cosnxdx
_ . } . B U
| | . L 2]
(0, m) i Sine series ¥ b” sin nx ' b, = ; _{f(x) sin #x dx ;
| 2 F
i ! . Ay = ‘[f(x)dx
. (0, 1) i Cosine series ! -:?9 + Y a, cos Hfﬁt IO
? : ; 1 : 2 HmX
, I | A, =7 _[f(x)cos-—f-—dx
s A § S
. !

i Lo . ’ u AR 2 Lo
| (0,1) ° Sineseries @ }r hn sin 7 i bn =7 jf(x} sin -f-TI— dx .

— T T ¢ K
#  Complex form of Fourier serics of period 2 1t

» 1 c+2m
fxy=3C ™ where C = 7a I Flx) e ™ gy

H=—
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%  Complex form of Fourier series of period 21

c+21
! - ] v 1 o .
f[x): D (,Hg“lm where C”:-z—JF j f(x)e :nnx;ldx
o= e -

»  Harmonic Analysis formulae.

Data: @ X x, | ox b x
y o4 Yy ¥y o YN

Case-i. (period 2m) Suppose the values of x are in the interval
c<y<c+?2n or ¢ < x < c+2m Euler's formulae in the modified form are as
follows.

_2. 2 N T
dy = 3 3y, a, =N Y ycosnx, b = NZysmna

Case-ii. ( Period 21 ) Suppose the values of x are in the interval
c<y<c+2lorc<x<c+2] wehave if 8 = (nx/l)

2 2 2 .
a, = N Sy, a = N Y ycosif, E‘H = N Y ysinng

Unit-II : FOURIER TRANSFORMS

Definitions at a glance - Infinite Fourier Transforms

Type Transform Inverse transform
= 2 —— ?.____. [p— - ..T_. - . P - - —_— S
Fourier o0 5 . S
transform Sy MY g = - S g
i jf{l)f. dy = F(u) o If{u)r. du= f(x)
Fourier oo .
~ cosine transform If(x) cosuxdx=F (uy + = j F_ (1) cos ux dir = f(x)
: . L ; T )
0 4

Fourier = _— P
sine transform ! jf( xysinuxdx=F_(u) - I F () sinuxdu = fix)
e 0
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Unit - III: APPLICATIONS OF PARTIAL DIFFERENTIAL EQUATIONS

> Befitting solution for solving standard PDEs with a given set of conditions -
Boundary Value Problems | B.V.P ]

2

(i} One dimensional wave equation : u,, = ¢ o

t ¢
u(x, t) = (Acospx+Bsinpx) (Ccoscpt+Dsincpt)
2

(i) One dimensional heat equation : u, ="

2.2
u(x, t)y=¢e*“¥? (A cos px + Bsinpx)
(iii) Two dimensional Laplace’s equation : eyt iy, = 0

u{x,y)=(Acospx+Bsinpxr) (CePY+De ¥¥)

Unit-1IV : CURVE FITTING & OPTIMIZATION
Curve fitting

»  Straightline:y = ax+b

Normal equations are :
Yy =ay x+nb [Take 3" for the given equation (g.e))
Say =ayxl +bSx [Multiply the g.e by x and take ‘3]

»  Second degree parabola : y = a Prbrtc

Normal equations are

Sy =ay +b Yox+nc [Take 3’ for the g.e]
Sxy =ay b > ¥ e Sx [Multiply the g.e by x and take ‘3’|
3 22 y=ay b b3 2 +e by e St [Multiply the g.e by x* and take 1
> oy =ae”
= log ,y = log a+bx, since log e =1

ie., Y = A+BX, whereY = logey, A= logﬂ,a, B=b, X =1y

The associated normal equations are

SY =nA +BYX

Y XY

AYX+BYT X

1l

By solving A, B are obtained A = log @ = a= . b=B
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”

e}

fe.,

y = ax’

log v = log a+blog, x

Y = A+BX, where Y =log ¥y, A= log ,a, B="b, X =log x

The associated normal equations and the computation of # and b are same as the
earlier one.

Optimization
»  Graphical method
L ]

Constraints are considered in the form of equalities.
They are put in the intercept form of the straight line x/a + y/b = 1

These lines along with the coordinate axes forms the boundary of the region
known as the convex polygon.

The value of the objective function is found at all the vertices of the convex
polygon to identify the optimum (maximum or minimum) value of the objective
function.

Simplex method

The linear inequalities in the constraints are converted into equalities with the
introduction of slack/surplus variables.

Initia} simplex tableau is formed along with the indicators which being the
coefficients of the variables in the objective function with their sign reversed.

Simplex method algorithm is carried out and if there are no negative indicators,
the process is completed.

If P is the objective function for minimization, Min. P = — { Max. value of — P}

Unit-V : NUMERICAL METHODS -1

3

Regula - Falsi formula for the approximate root of f(x) =0 lyingin (a, b)

af(b)=bf(a)
f(b)-f(a)

Newton - Raphson formula for the approximate root of f(x) = 0 near x = x,

_ fxy)
irst approx. x;, = X, ;(x—)
- {]

First approx. x, =
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sxy)

General formula @ x oy =%, Iz (x)
3

Unit - Vi : NUMRICAL METHODS -2

#  Finite differences
Af(x)=f(x+h)-f(x) |Forward difference]
Vf(x)=f(x)-f(x-h) [Backward difference]

»  Newton’s forward interpolation formula

r{r—1
yr=f(xn+rh)=y0+rAyU+—(-F-)- A? Yot
rr=1Y(r-2)--(r-n-1)
+ - n! - — A” y(]
where r=(x-x,)/h
»  Newton's backward interpolation formula
rir+1
yr=f(xn+rh}=yn+rVyﬂ+--(—2!---—) vzy”+...
P{r+1)(r+2) - (r+n-1)
T nl _ -V In

where 7 = (x - x, V/h
»  Newton's general (divided difference) i nterpolation formula
y=f(x) =f(x0)+(x—x0)f(x0, Xy ) +(x—x0)(x—x1 )f(xU, Xy, Xy)
+-<<+('x—x0)(x—x1)--(x—xn_l)f(xo, Xir Xpp o0 X, )

»  Lagrange's interpolation formula

(x—xl)(x—xz)---(x—x”_)ﬁ (x_—.xn)(x-xz)---(x—xn_)ﬁ

if =f(x) - @_’x])('xo_xé)‘_.(x(}_xn)—’_ a,‘[—x{))(_xl—xz)"'(x]_xn)

(=) (x=x ) (x=x) - (x=x, )y, (¥=x)(x=x))-(x=x, )y,

. - - —+ . N
(xZ_xU)(IZ_xl)(XZ_"TB)“-(xZ-*xn) (Innx[}){xn_x])“'(xn_xn—l)
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»  Lagrange’s inverse interpolation formula

Y=y ) y—y, ) -y 0xy Y=y y~yy)---(y—y, 1%
N

x=3(3”)_'('"” . _ _ Ny —

Yoy ) (Wg—Vy) - (Yy—¥,) (=Y (¥ =Vy) - (Y —Y,)
Gy -y (y—y) vy, 0% (y=yd =y ) (y—y, _)x,
(5’2 ¥o) (=¥ (y =ty oy - w (¥, =¥ )y, —y) oy, =y, )

b
#» Formulae {Rules) for the evaluation of I = I ydx

a

» Simpson’s 1/3rd rule (n is a multiple of 2)

h
F= o[ oty )+t is 40, )+ 200yt u+ 4y, ) |

»  Simpson’s 3/8 th rule (n is a multiple of 3)

3h
I = ? [(y0+yn)+3(y.l+y2+y4+y5+-~+y”_l)+2(y3+y6+---+yn_3)}

»  Weddle’s rule (n is a multiple of 6)
3h
' E i§ﬂ kyI
where k=1,5,1,6,1,5,2,5 1,6,1,5,2, -
In particular when n = 6 the rule is given by,

3:‘1:’
I=15 [y0+5y]+y2+6y3+y4+5y5+y6}

Unit - VII : NUMERICAL METHODS -3

#  Numerical solution of the one dimensional wave equation u,, = & U,

[ Explicit formula ; k = h/c]

Mije1 T Mo, T T

#  Numerical solution of the one dimensional heat equation u, = & U,

(i) “i,;+1="”5-1,;”1‘2")”f,;*“”m j

[ Schmidt explicit formula valid for 0 < a € 1/2 ; a = O a
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.. 1
(ii}) H iv1= 5 [ur‘_l,}. + ”r‘+1,;’J when g4 = 1/2 or k= 2¢4m?

[ Bendre - Schmidt formula |

> Numerical solution of the Laplace's equation u__ + v = 0
Xx by

- _1

(i) u;’j_4[ui-1,;‘+ui+-1,;‘+“1’,;’+1+”;‘,;'—1J

[ Standard five point formula |

. i
a - ow = [ui—l,j+1 Tl mr My g “f-],;‘—d

[ Diagonal five point formula |

Unit - VIII : DIFFERENCE EQUATIONS & Z - TRANSFORMS

»  Definition & property

Zp(u ) = E uz"=u(z) & ZT(k"u”)za(z/k)

-z L3 ZT(rzk_l)

k
Also ZT(n ) P

¥ Z-transform of standard functions

- 2. ny _ %
L Zp(1) = = 2 Zp(K) =
3. Zp(n) = —"— 4 Zp(K'ny =k ——
(z-1) (z-k)
2 2
T+z 2 k2 + Kz
5. Zp(n’) = 6. Z (K'n?) =~
T (-1 T (z-k)°
3 2 3 2,13
Z7+4z°+4z k244224132
7. Zp(n?) = 3 8. Z,(K'n’) = -
(z—-1) (z-k)
2
r4 z
9. Z;[sin(nn2)] = - 10. Z [cos(nn/2)] = —-
T 22+1 T ] 22+I
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»  Initial value thearem

If Zp(u ) =u(z) then It u(z) = u,

T e
#  Final value theorem
If ZT(un)zt_t{z) then ft [(z-1)u(z)] = It i,

z -2 H -~ o

List of standard inverse Z-transforms

- -
=1 Z _ a-14 2 | _ qn
L2 T =1 2. 71 z—kJ“k?
3, 77| =% =1 4. 27 [ k— | = K"
Tl (z-1Y Tl (:-—k)21
r 22 | 2 Z
5, 221 | = 5= 6. Z7' E:——*-’i— = K"’
| (z=1Y)" | ) z—kY
” Z—I!r?3+4?2.ﬁ-1=n3 s, Z—lrk23+4k_2._z2+k3__z ot
Tl - ! [ (z-k )

! +1 2

: ol
-1 2| o -1 __Z“_L
9. 7, 5 =sin{nmn?2) 10. Z, = cos(nm/2)
z “+1

¥ Some useful expressions for solving difference equations using Z-transforms.

() Z.r(unﬂ):z[a(z)nuo}

) Zp(u, ) =72 ]:E(z)—uo—ulz"l}

(i)  Zp(u,, ) =2 {E(z)—ug—aﬁz"]—uzz_z}

n+3
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SYMBOL

Names of the Greek letters (Alphabets)
used in science along with their commonly used

in the bracket).

’7- —ﬁa;; . Letten&lph;aet N Name | LetterfAﬂl;;lab;_.
R T N T
2.. Beta | B _._13‘ Nu v _4
| 3 Gamma ALY oM w0
' 4| Delta 8 (A) 15. | Rho P !
S[Lebda | e o | g
6. _Sigma ACH I N
—7 Omega w(Q) llS'i Chi x ]
SpKeppa | o« WP | m
._ 9. Theté 8 (0) TZO_T| Xi &
ol EBa | ja e e
B R T T .
Some Notations
€ Belongs to
€ Doesnot belong to
3 There exists
A4 For all
= Implies
=] Implies & implied by
3/ Such that
) Union
™ Intersection



ALPHABETICAL INDEX

A
Algebraic equation . . . . .. ... 251
B
Backward differences . . . .. 297,299
Basic/Basic feasible solution . . . 234
Basic & non basic variables . . .. 234
Bendre - Schmidt formula . . . . . 388
c
Complex Fourier series ‘ ...... 91
Complex Fourier transform . . . . 119
Constraints . . . ... ... oL 215
Convexpolygon . ......... 216
Curvefitting . .. ... ... ... 195
exponential curves . . . .197 & 198
parabola . . ... ..... ... 196
straight line . . ... ... ... 165
D
D’ Alembert’s solution . . . . . .. 189
Dampingrule . . . ... .. ... 419
Decision variables . . . ... ... 215
Departing & entering variable . . 237
Diagonally dominant system . . . 274
Diagonal five point formula. . . . 399
Difference equation . .. . .. 415, 455
Dirichlet’s conditions . . . .. .. .. 5
Divided d_‘ifferences ........ 325
E
Eigen values & eigen vectors . . . 289
Ellipticpde. ... ....... .. 367
Euler’s formulae . . ..........3
Even function . . . ... ... .. 32,45
Explicit formula . . ... ... .. 371
Extrapolation . . ... ....... 305
F
False position method . . . . . .. 252

Feasible region/solution . . . . . 216

Final value theorem . . .. .. .. 438
Finite differences . . . . . . . . 297,299
Forward differences . . . . . . 297, 299
Fourierseries . . . . ... ... .. 1,5
Fourier transforms . . . . . .. 119,122

(complex, cosine, sine})

G
QGauss-Seidel method . . . . . .. 274
Graphical method . . ... .. .. 216
H
Half range Fourier series . . . . . . 73
Harmonic analysis . . . . ... ... 96
Heat equation . . . ... 160, 367, 387
Hyperbolicp.de . .. ... ... 367
I
Indicators . . . . ... ... 236
Initial value theorem . ... ... 437
Interpolation . . .. .. ... ... 305
Inverse Fourier transform . . . 119,122
Inverse Z-transform . . . . . . .. 445
L
Lagrange’s interpolation formula 336
Laplace’s equation . . . . 161,367, 398
Least squares method . . . . . .. 195
Liebman's iteration process . . . . 400
Linear programming . . . . . . . 215
M
Modulation properties . . . . 121,122
N
Newton’s interpolation formulae
forward & backward . .. .. 306
general/divided difference . . 326
Newton-Raphson method . . .. 261
Numerical differentiation . . . . . 346
Numerical integration . . . . . . . 350



Numerical solution of algebraic &

transcendental equations . . . 251
Numerical solution of p.de . . . . 367
heatequation . .. ..., . .. 387
Laplace’'seqation . ... . ... 398
waveequation. . . . ... . .. 370
O
Objective function . . . . ... . 215
Odd function . .. ... ... .. 32,45
Optimal solution , . . . ... . .. 216
Optimization . . . ... ... ., 215
P
Partial differential equations ., 157,367
Pivotal column . . . ... .. .. 236
R
Rayleigh’s power method . . . . . 289
Regula falsi method . . . . . . .. 252
S
Schmidt’s explicit formula . . . . 387
Separation of variables method . 157
Slack variables . . ... ... . . 233
Simplex algorthim/method . . . 233
Simpson'srule .. .. ... . - 350
(one third & three eighth)
Standard five point formula . . . 399
Standard formof LPP . ., . . . ., 233
Surplus variables . . . ., .. . . 233
U
Unbounded solution ., . . . . . . . 216
w
Wave equation . . . . . . 158, 367, 370
Weddle’srule . . .. ... .. ... 351
Z

Z-transform . . .. ... .. .. 415, 416



