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Parametric differentiation:

ay _ (&)
If x =x(t) &y =y(t) then % = ﬁ
at
Chain Rule:
_ _ v _ dydu
If y=f(u) & u=g(x) then dx  dudx
Integrals of some standard functions:
(Constant of Integration C to be added in all the integrals)

n+l

0oy X 1 _
jx dx_n+1 J.de_logx
Ilogxdx:xlogx—x,x¢0 jkdx:kx
.[eXdX:eX J'axdx= a’
loga

Isin X dx = —cos x Icosxdx:sinx
jtan x dx = log (sec x) jcot xdx = log(sin x)
J'sec x dx = log (sec x + tan x) jcos ecxdx = log (cosecx —cot )
Iseczxdx=tanx jcoseczxdx:—cotx
J'secxtan X dX = sec x Icosecx cot x dx = —cosecx
Isinh x dx = cosh x Icosh x dx =sinh x
jtanh x dx = log (cosh x) fcoth x dx = log (sinh x)
Isechzxdx=tanhx Icosechzxdx:—cothx

1 1, 1 .
ja2+x2 dx_gtan (x/a) fmdx=sm '(x/a)

I%dx:log(f(x)) _"\/f%dx=2m

ax

Ieaxcosbxdx: ze ~[acosbx +bsinbx]
a“+b

Ieaxsinbxdx= Ze ~[asinbx—bcosbx]
a“+b
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f(x)dx=jjf(a—x)dx if(x)dx:—jf(x)dx

ot—

if  f(x) is even function

I f(x)dx = !

if f(x) is odd function

[ reoax -

0

0
fo@ﬁh.ﬁ'fﬂa—x)=f&)
0
0, if fa—x)=—f()

Integration by parts:

Iu x)v(x)dx =u( (Iv ) I (x))(jv(x)dx)dx

Bernoulli’s rule of integration:

If the 1% function is a polynomial and integration of 2™ function is known. Then

fu(x)v(x)dx =u]vdx —u' ffvdxdx+u" fffvdxdxdx—u”’}f ﬂvdxdxdxdx

Where dashes denote the differentiation of U .
Or

u@@v)dx =u-v; —u vy, +u’" vg—u'" vy e

Where dashes denote the differentiation of U, vk denotes the integration of v, k times with respect
to X.
Vector calculus formulae:

Position vector r=xi+yj+zk

Magnitude rl= X2 +y? +2°

Dot product of unit vectors 1-1=]-j=k-k=1 and 1-j=]-k=k-i=0

Cross product of unit vectors i xi=jxj=kxk=0and ixj=k, jxk=1i,ixk=—-]

Angle between two vectors cos@ = ——

Unit vector A =
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- ds
Velocity V=—
dt

> d%

Acceleration a= ?

For any vectors 4 = (ayi + byj + c1k), B = (ayi + byj + c,k) & C = (asi + bsj + c3k)
Dot product of two vectors A-B=aa,+bb,+cc,

"~ A

[ T
Cross product of two vectors AxB =|a, a, a,
b, b, b
— - - - o)\ - 31 az a3
Scalar triple product A-( xcjz(AxBj- =lb, b, b,
G G G
Trigonometric formulae:
e |dentities
sin0+cos’* 0 =1
1+tan? 0 =sec’ 9
1+cot?@ =cosec’ 6
e Compound angle formulae
sin(A+B)=sin AcosB+cos A sin B
sin(A—B):sin AcosB—cosAsinB
cos(A+B)=cos AcosB—sin Asin B
cos(A—B)=cos AcosB+sin Asin B
tan (A+ B):M
1-tan Atan B
tan(A—B): tan A—tan B
1+tan Atan B
e Transformation formulae
sin ACOSBZ%[Sin(A-F B)+sin(A—B)] cosAsinB:%[sin(A+ B)—sin(A—B)]
cosAcosB=%[cos(A+ B)+cos(A-B)], sin AsinB:%[cos(A— B)—cos(A+B)]
sinC +sin D = 2sin C+D cos c-D ) sinC —sin D = 2sin c-D CoS C+D
2 2 2 2
cosC+cosD:ZCos(C;chos[C;Dj ) cosC—cosD:—Zsin(CZD)sin(C;Dj
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e Multiple angle formulae

sin2A= 2sin A cos A sin A=2sin(A/2 )cos(A/2)
cos2A=cos® A—sin® A cos A=cos’ (A/2)—sin*(A/2)
1-cos2 1 2
in? A:( c0s26) cos? A:( +€0520)
2 2
sin3A:%[33in A—sin3A] cos3A=%[3cosA+cossA]

Hyperbolic and Euler’s formulae
e*—e” e

sinh x = cosh x =

cosh? @ —sinh?@ =1

e’ =cos@+i sind

) eix _e—ix eix + e—ix

sinx= - COSX =
2i
Logarithmic formulae:
log, (AB)=log, (A)+log, ( B) log, [gj: log, (A)—log,(B)
log, x" =nlog, X log, B= log. B
log, a

log,a=1 log,1=0
log, 0 =—oo

Solid geometry formulae:

Distance between two points (x4, 4, z1) and (x5, y5, z,) is \/(xz - xl)2 +(y, - y1)2 +(z,—- zl)2
Direction cosines | =cosa, m=cos 3, n=cosy
a b C
—_— m= —_—, nN=——.
JaZ+b® +c’ JaZ +b% +¢? JaZ +b? +¢?

Direction ratios of a line joining two points (a,b,c) = (X, — X1, V2 — Y1, Z3 — Z1)

Direction ratios | =
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D" [(ax+b)”} =n'a"

D" (x")=n!

o 1) (-1)'nta"
P (aX+b]_(ax+b)”+1
D"[log(ax+b)]= (—1)(nax(jb—)ln)!a” :

D" [a”“] =a™(mloga)"
D" (eax) — 3"e¥

D" [sin ax + b)] =a"sin(ax+b+nz/2)

(
D" [ cos(

D" [eax sin (bx+c)} = (a2 +b2)n/2 e sin(bx+c+ n tan‘l(%))

ax+b)] =a"cos(ax+b+nz/2)

D" [eax cos (bx + c)] =(a%+b’ )n/z e cos(bx +c+ntan” (%))

Polar coordinates and polar curves:
Angle between radius vector and tangent

do 1dr
tang=r— or cotg=——
¢ dr ¢ rdo

Angle of intersection of the curves

|¢1 3 ¢2|=tan’1 tan g —tan ¢,
1+tang tan ¢,
Orthogonal condition | — 4| =% or tang -tang, =-1,

Pedal equation or p-r equation

P=rsing
1—1(1+ tz(ZS)—1 1+1(dr>2
pz_rz €0 T2 r2\df
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Derivative of arc length:

2 2
In Cartesian: = = |1 + (d—y) & E = 1+ (d_x)
dx dx

dy dy
2 2
das ae das dar
g & _ 2 ar
In Polar: = \/1 + = (dr) & =0 re+ (de)
2 2
. d d d
In Parametric: — = \/(—x) + (—y)
dt dt dt
. ae ar
sing=r— & cosQP=r—
das das
Radius of curvature
+y12)2
In Cartesian form: p = w
Y2
2
In parametric form: p = G
Xy—yx
3
. _ (P2
In polar from: p = e R——
Pedal Equation: p = 1’ﬂ
q p = dp
Indeterminate Forms - L’Hospital’s rule:
— _ f&x) _ f'()
If f(a) =g(a) =0, then llm T = lm e
f(x) £
#f(a) = g(a) = eo, then lim 75 = lim ‘5
. 1\ _ . L
Tlll_r)glo(l +;) =e , }Ll_r)rtl)(1+n)n =e
lim £ — 1 ,  lim xoal o gn1
6-0 6 x-a X—a
Series Expansion:
Taylor’s series expansion about the point X =a.
2 3
Xx—a) . Xx—a) . X—a) .
y(0=y(a)+ P2y @) B8k o) L2 g,

Maclaurin’s Series at the point Xx=0

2 X3 X4

V() =y(0)+ 11y (0)+ 2y (0)+ 5,y (0) 75,y (0)+

7|Page



VISVESVARAYA TECHNOLOGICAL UNIVERSITY, BELAGAVI
MATHEMATICS HANDBOOK

Euler’s theorem on homogeneous function and Corollary:

X% + y%; =nu (Theorem)

Xz_u+y%: n % (Corollary 1)
X u

x* ZZTZ + ny% +y? ZZTLZL =n(n—1u (Corollary 2)

Composite function:

dz dzdx | 0z dy
If z="f(x,y)and x=¢(t),y=w(t) then— = —— pn

If z=f(x,y)and x=g¢(u,v),y=y(u,v)

0z 0z 0x @a_y 0z 0z 0x za_y

%‘5% dy ou & 5_55 dy dv
If u=f(r,st)and r=¢(x,v,z),s=yw(xy,2),t=&(xY,2)

u_ouor ouds oudt
OX Or OXx O0S Ox ot ox
u_ouor ouds oudt
oy oroy osoy otoy
u_dudr ouds oudt
0z oOroz 0507 otoz

Jacobians:
TR T:Y
au  au ox oy oz
J:a(u,v): x oy o(uv,w) v v ov
a(x,y) |ov ov o(x.y,z) |ox oy oz
ox o w aw ow
ox oy oz

Multiple Integrals:

Area A= ” dxdy - cartesian form
A

Area A= ” rdrd@ -polar form
A
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Volume V= ”_[ dxdydz - Cartesian form
\

Volume V= ” zdx dy - by double integral
A

Gamma function: F(n) = J‘e’XX”’IdX: ZI ettt
0 0

2
Beta function: #(m,n)=|x""(1- X)m‘l dx = ZJ.SinZ”’l 0 cos>™0do
0

O e

Beta and Gamma relation: ﬁ(m, n) = &i(nn) and F(%) = \/;

r'(m+n)
Vector Calculus:
: > oodr
Velocit v(t) = —
y ) pm
N - 2 -
Acceleration ap=dv_dr
t dt?
The unit tangent vector podr/jdr
t dt
TiT
Angle between the tangents Cos0 =——
T1|[T2
Component of velocity CV=v.nA , Where fi isthe unit vector
Component of accelerations C.A=a.n
Tangential component of acceleration T.CA= g. V/ V

—

Normal component of acceleration N.C.A= v

a—(tangential component) x[ v /

)

Gradient of ¢
gradg= Vg = a¢iA+a—¢j+%I2

& oz 0z
Unit vector normal to the surface
fovo
Vgl

Directional Derivative: D. D=V¢. n
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Angle between the surfaces

V¢ Vg,

V[Vl

Divergence of vector field F= fii+f,j+ fk

V.F = divF :i+i+%
oXx o7 oz

Curl of vector field E

cosf =

- -

VxF =curl F =

2o =
<

i K

o o

oy oz
¢

T

f2

Solenoidal vector field
divF=V-F=0

Irrotational vector field

CurlE =VxF =0.
List of vector identities
curl(gradg) =VxVg=0.

div (curl F) =v.(vX Ej:o.
div(¢F) :¢(divE)+ gradg-F

curl(¢ E) = ¢(cur| Ej+ grad¢ x F

Reduction formulae

(n-1)(n=3)(n-5)......... 1z

72 72 nN—=2)(nN—=4)............. 2 2
Icos“xdx:fsin“xdx: ( )( )

when n is even

1 whennis odd

T .
/2 — whenm and n is even
T

I sin™ xcos" xdx =

gm—l)(m—s) ......... (n—l)(n—3) .........

other cases

(m-1 )(m—3) ......... (n-1)(n-3)........

(m+n
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Differential Equations:

Differential Equations Solution/ substitution
Linear iny 3—y+ Py=Q y(I.F):IQ(I.F)dx+C
X
Linear in x g—;+Px:Q x(I.F):IQ(I.F.)dy+C
Bernoulli’s %+ Py=Qy" divide by y" and Put y"™" =2z
Exact differential equation M g N o v
X + [(termsof N notcontaining x) dy =
Mdx+Ndy=0 with M _N waam J 9 &
oy 0ox
Not exact differential equation 1
Case 1: If Mdx+ Ndy =0 and I'F':Mx+Ny’ Mx+Ny # 0
Mdx + Ndy =0
Case 2 : If the differential equation is of 1 i
I.F.= with Mx—Ny =0
the form yg, (xy)dx+xg, (xy)dy =0 Mx — Ny
e 1(6M 6N o ’
1(oN oM
Cased: If —| =0 |- f(y)orC _ ot L Jow
M(ax ay] (y) I.F.=e ore
Case 5 : If the differential equation is of I.LF.=x"y* With
the form
X"y" (mydx+nxdy)+x® y* (m'ydx+n'xdy) =0 p+h+l_q+k+1 p+h+l g +k+1
m  n m  n
Newton’s law of cooling T=T + (;1e-kt

Linear Algebra:
Inverse of a square matrix A
At (adj A) |
A
Rank of a Matrix A

The number of non-zero rows in the echelon form of A is equal to rank of A
Normal Form of a Matrix.

i
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Gauss-Elimination Method

The system is reduced to upper triangular system from which the unknowns are found by
back substitutions.

Gauss-Jordan Method

The system is reduced to diagonal system from which the unknowns are found by back
substitutions.

Eigenvalues

Roots of the characteristic equation |A—21|=0

Eigen Vectors

Non-zero solution X=X, of [A-21|x=0

Diagonal form

A 0 0
D=P'AP=|0 4, O
0 0 A

Computation of power of a square matrix A

A"=pPD"P*

Canonical Form

V=AY + Y + Y+ A Y

Nature, Rank and Index of Quadratic forms:

positive-definite if all the eigenvalues of A are positive.

positive-semi definite if all the eigenvalues of A are non-negative and at least one of the
eigenvalues is zero.

negative-definite if all the eigenvalues of A are negative.

negative-semi definite if all the eigenvalues of A are negative and at least one of the
eigenvalues is zero.

indefinite if the matrix A has both positive and negative eigenvalues.

Rank the number of non-zero terms

Index the number of positive terms

Signature the number of positive terms minus the number of negative terms
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Laplace Transforms:
Laplace Transform of Standard Functions

n . n! _
L{1}=% L{t"}= G N=123...
Where n is a positive integer
1 1
L atl . — L —at] _
{e } s—a {e } s+a
i a S
L{sinat} = T2 L{cosat}= K
L{sinhat} = Zfaz L {coshat} = ZEaZ
'-{“(t)}:1 L{u(t—a)}:e—as
S S
Properties of the Laplace transform:
(@ L{f ()} = F(s)
Translation
L{e"f(t)}=F(s-a)
(first Shifting Theorem)
Multiplication by t L{t“ f (t)} :(_1)” i{p (S)}
ds"
Time scale L{ f (at)} :EF(EJ
a a
t 1
[ Lq| f(t)dzp==Lf(t
Integration {! (1) r} 5 { ( )}
Division by t L{@}zTF(S) ds.
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Transform of a Periodic Function: If f (t) is periodic with a period T , then

1

L{f(t)}= (1_e_sT)T£e_Stf (t)at .

Second Shifting Theorem:

If F(s)=L{f(t)} and a>0, then L{f (t—a)u(t—a)j=e*L{f(t)}.
Transforms of the derivatives:

L{f'(®} = sL{f ()} — f(0)

L{f" ()} = s2L{f®)} — s £(0) — £'(0)

L{f*(©)} = s"L{f ()} = s" 71 £(0) —s"2f"(0) — s™72f"(0) — -+ — f771(0)

Inverse Laplace Transform:

14| Page

Transform Inverse Transform
F(s) = L{f (1)} f(t)=L*{F(s)}
| _
L{tn}z r:+1 t =1 1
> (n-1r | s
Where niis a positive integer Where n is a positive integer
_ 1
e} e
s—a s—a
. a . I a
L{smhat}:sz_az sinhat =L {sz—az}
L {coshat} = ——>— coshat = L] >
—a SZ _aZ
. _ a
L{sinat}= 2a - smat:Ll{ 5 2}
s°+a S"+a
L{cosat} = cosat =L" S
Cs?+a? B s’ +2a’
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Formulae on Shifting rule:

L[e%*cosbt] = (s_;ﬁ L‘l[(s_sa;ﬁ] = e%cosht
L[e%*sinbt] = (sa)ﬁ L‘l[m] = e%sinbt
Lle % cosbt] = m‘;ﬁ L1 m‘:ﬁ] = e % cosht
Lle % sinbt] = m L1 Mﬁ = e %sinb
L[e%*sinhbt] = (Sa)—sz L1 (S_a)+_bz = e%sinhbt
L[e%coshbt] = (s—i)—Za—bZ L1 (S_;—Za_bz = e%coshbt
Lle % coshbt] = H“:)r—za_bz L1 m‘;—za_bz = e % coshbt
L[e~%sinhbt] = (+a)+—bz L_l[(s-l-a)+—bz] = e~ %sinhbt

Convolution Theorem:
Let f(t) and g(t) be piecewise continuous on [0,%0) and F(s)=L{f (t)} &G(s)=L{g(t)}.

t

Then, L™*{F(s)G(s)} :I f (u)g(t—u)du.

0

Numerical Methods:

. Xk+1—XEk

Regula Falsi formula: x = X5 — fork=0,1,2,.........
J k42 = Xk T o )~ ()

Newton-Raphson formula:

f(xn)

xn+1:xn_fl(xn) =1,42,3, ........

Newton’s Forward Interpolation formula:

p(p )A p(p-1)(p-2) ,3

3!

Yp = Yo + Ay, + Yo t

_xo

Wherep = al

Newton’s Backward Interpolation formula:

p(p+1)

pp+Dp+2)_,
2! v

VZ}’O + 3] Yo

Yp = Yo +pVy, +

X—Xn

Where p =
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e &
Sz
e

B

Newton’s General Interpolation formula (Divided difference formula):

y=f(x)=yo+ (x —x0)[x0,2%1] + (x — x0) (x — x1)[%0, %1, X2]
+ (x —x0)(x —x) (x — x)[x0 , 21, X0, 3] 4 eveee e
+ (x - xO)(x - xl) """ (x - xn) [xO yXq et an]

Lagrange’s Interpolation formula:

fl = _E T =) =) (x — %)
= (xo - x1)(xo - xz)(xo - x3) """"" (xo - xn) Yo
(x — %) (x — xz) (x — x3) +ovvev ot (x — x,)
(1 — x0) (X — 1) (1 — 23) - wov - G — 1)
(x = x0) (X — 27) (2 — 23) o+ +ev oo (x — x)
(o, — x0) (g — 21) G — 23) - ver o O —2)
+ .
(x - xo)(x - xl)(x - xz) """"" (x — xn)
(n — %0) (n — 1) (i — 23) - - - G — %) "

Numerical Integration:
Trapezoidal Rule:

Xg+nh
h
j fedx =10+ ) +20n +y2 + vt Ynoa)]

Xo
Simpson’s (1/3)rd rule:
Xo+nh

h

[ @) =100 +3) + 400 475+ # 3u ) £ 205 +3s + 4 )]
Xo

Simpson’s (3/8)" rule:
Xo+nh

f f(x)dx

3h
= ?[()’0 +y)+30nty, tyatys+ o+ yn_q)
+2(y3 + Y6+t yn-3)]
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Numerical methods for ODE’s:

Taylor’s series expansion about the point X =X;.

2 3
X—= . X—= . X—=
(=00 + 0y () By o) B0 Ly
Taylor’s series expansion about the point X =0
y(x)=y(0)+ Xy (0)+ Xy (0)+ Xy (0)+ >y (0)+... Euler’s Method:
- 1! 21 3! 41 '

yE, =y, +hf(x ,y.), N=0123,----

Modified Euler’s Method:

h
Yo = Ya +E[ f (X, Yo)+ T (X yril)] , N=0123"""-

Runge-Kutta Method

Stepl: Find Kk, = hf(x.,y.); kz:hf(xn+2,yn+k_21j
h ok,
ks = hf Xn o Yot | k, =hf(x, +h,y, +k;)

Step2: Find Y, =Y, +%(k1 +2k, + 2k, +k,)
Milne’s Method:

Stepl: Find f, = f(x,y,), f,=1(x,,y,) and f;="1(x;,Y,).
. - (P) _ 4h

Step2: Predictor Formula y{" =y, +?[2 f,—f,+2f,]

Step3: Compute f, = f(x,,y")

h
Step4: Corrector Formula Y =y, +§( f,+4f+17)
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Adams — Bashforth Method:
Stepl: Find f,= f(XO,yO), f,=1(x,y,), f,=f(x,,y,) and f,=f(x,,Y,).
Step2: Predictor Formula y; =V, +%(55 f,—59f,+37f, —9f;)
Step3: Compute f, = f(x,,y")
c h p
Step4: : Corrector Formula ¢ = y3+£( f,~5f,+19f,-9f)
Modular Arithmetics:
Set of Natural Numbers (N): {1, 2, 3, .....}
Set of Integers (1) = set of natural, negative naturals and zero: N U —N U {0}
Greatest common divisor: g or d = gcd(a, b)
Relative Primes: g or d = gcd(a,b) = 1
Division Algorithm: For integers a and b, with a > 0, there exist integers g and r

suchthath=q-a+r and 0 <r < a, whereq: quotient, r: remainder

6. Euclidean Algorithm

b a b=qia+r; rr=b-aq
a r a=qari+ra r2=a-qoari
g =d-gcd (a, b) = ax + by with x and y integers

7. Modular and modular class: m/(a — b) then a = b(modm), 0 < |b| <m
b = a(modm), 0 < |a|] <m
If a =b(modm) thena—b=k-m

8. Properties of modular arithmetic:

(modm) and b = c(modm), then a = b(modm)
(modm) then for any c,a + ¢ = (b + ¢)(modm)

e o o o
Q Q@ & Q
ne e e

a
b(modm) and b = c(modm), then a = c(modm)
c
b
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e Ifa = b(modm) then forany c,a + ¢ = (b + ¢)(modm)
e Ifa = b(modm) thenforanyc, a-c = (b-c)(modm)
e Ifac = (bc)(modm) and d = gcd(m, c), then a = b(mod m/d)

e If ac = (bc)(modm) and m is a prime number, then a = b(mod m)

e Ifa =b(modm) and ¢ = d(modm),thena + ¢ = (b + d)(modm)
e Ifa =b(modm) and ¢ = d(modm),thena-c = (b - d)(modm)

e If ac = b(modm) and ¢ = d(modm), then ab = b(modm)
e Ifa= b(modm), thena™ = b™"(modm)
e Ifgcd(m,n) =1, a = b(modm) and a = b(modn), then a = b(mod mn)
e If ab = 1(mod n),then aisinverseof b and b is the inverse of a
Linear Diophantine equation:
ax + by = c,withd = gcd(a, b) has solutionif d/c
(i) has d congruent solutions and if xo and yo are primitive solutions,
then x = xqy + (S) t, y =yo+ (a/d)t, for positive integer t
(ii) if d = 1 then it has unique solution
Remainder theorem:
x = a;(mod m;),i =1,2,3, with(m;, mj) =1, i #j
Procedure to apply remainder theorem
If m;,i =1,2,3 are relatively prime
Then the solution of x; = b;(modm;), i=1,2,3 is x=Y3b;M;y;
where, Mi= M /m; with M = [[3 m;
Miy; = 1(mod mi )wherey; is inverse of Mi under mod m;

11. Fermat’s little theorem:
If p is any prime and p ta, then aP~1= I (mod p) or aP= a (mod p)
12. Euler’s @ function:

If nisany composite number with prime factorization n = p;™1X p,™2X ... ;
then number of primes up to n is

®(n) = n(1 - pl) (1 _ i)

1 P2

13. Wilson’s theorem: Prime p divides (p—1)! + 1
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14. RSA cryptosystem:
If p and g are large prime numbers and a is any integer then,

plain text M is encrypted to ¢ by, ¢ = M®(mod pq)

The public key will be = (pqg, e)
d the decryption key the inverse of e, then d-e = 1(mod(p — 1)(q — 1))
then M = c?(modpq).

Curvilinear Coordinates:
Curvilinear coordinates are often used to define the location or distribution of physical quantities

which may be scalars, vectors or tensors.
If R = x(w,v,w)i+yuv,w)j+z(u,v, W)E , then

R oOR

. oR oR
(i)  Tangent vectors to the u-curve, the v-curve and the w-curve are o 9m and ™

respectively
. aR aR aR
(i)  Scale factors hy = |£| ,h, = |E| and h; = |ﬁ
(iii)  Unit Tangent Vectors to the u-curve, the v-curve and the w-curve are
(5 %) _ &)

T, = . ,T, = (h_2 and T,, = o respectively.

Normal to the surfaces u = uy, v = voand w = wy are

Vu=2 yv=2 gnd Vw = Z—W respectively

hy 2 3

Unit normal vectors to the surfaces u = uy, v = vy and w = w, are

Vu Vv Vw
Nu_ﬁle _ﬁ andNW——le

, respectively
Polar Coordinates (r,0) :
Coordinate transformations: x = r cos 8, y =r sin 6

oxy) _

Jacobian: 38

(Arc — length)?: (ds)? = (dr)? + r?(d6)?
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Cylindrical Coordinates (p, ¢, z):
Coordinate transformations: x = pcos @, y=psing,z =z

\Z
D
P_y

<y

0(x,y,z) _
o(p,9.7)

(Arc — length)?: (ds)? = (dp)? + p*(dp)? + (dz)?

Jacobian:

Volume element: dV = pdp do dz
Spherical Polar Coordinates (1, 8, @) :

Coordinate transformations: x = rsinf cos¢ , y =rsinfsin¢g, z =rcosf

Z-ax|s

H-auis

0(x,y,2)
o(r,6,9)

(Arc — length)?: (ds)? = (dr)? + r2(d0)? + (rsin 6)?(de)?

Jacobian: =1r?sin@

Volume element: dV = r2 sin 8 dr dfd¢
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