Harold’s Calculus 3 Formulas
(Rectangular — Polar — Cylindrical — Spherical — Parametric — Vector — Matrix)

Cheat Sheet
6 November 2025

Rectangular Polar/Cylindrical Spherical Parametric
2D: (r,0) orrzs@
f) =y (p,6,9)
(x,y) or (a,b) Polar =2 Rect. Rect. =2 Polar
x=psingcos
f(ng;:—z X =1rcosf r2=x2+y2 y=€sin¢sin9
(x}; 2) y =rsinb r=Jx2+ y2 z=pcos¢ Point (a, b) in Rectangular :
[ zZ =12 _ -1 y 2 2 2 x(t) =a
y 0 = tan (—) pc=r+z -
4D: tan = (—) X 2 .24 42 2 y(©)=b T = (X0, Y0, Zo)
. . X P x° + y + z
Point Fy,2) =w <ab> R [a] [x] = [b]
(x,y,z,w) Y L ' = xi+yj+zk
tan = (;) t = 3"%, variable, usually time,
with 1 degree of freedom (df)
z
¢ = cos™! < )
VX2 + y2+ 72
z
¢ = cos™! (—)
p
Slope-Intercept Form: y
y=mx-+Db
Point-Slope Form:
Y= Yo =m(x—Xo) I o
> ¥4 <xXYy>=<2x0,Yyo>+t<ab>
Normal Form: 0 <x,y>=<xy,+at,y,+ bt > o
Ax+By+C=0 T cosD X where r=(r0+t1;
where A and B # 0 <ab>=<x—X1, Vo — Yy > = (X0,Y0, Zo 1 _
2 Y2~ V1 +t{ab,c) [a b] [y] [c]
Line Calculus Form: - x(t) = x
. = Xg + ta
F@) = F(@ %+ £0) Y Y(©) = Yo + th [0 b=
where m = f,(a) Il‘ 9 ° é ¢ d Y f

Intercept Form:
x+y_1
a b

3D:
x—xoz)’—)’ozz—zo

a b C

Ay y,—y1 b
m —_—=—=

Ax  x,—x; a
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Rectangular

Polar/Cylindrical

Spherical

Parametric

Vector

Matrix

Plane

Dot Product of Point-Normal Form:
ny(x = x0) + 1, (y — ¥o)
+n,(z—25) =0

where:
n = (ny,ny,n,) ={a,b,c)is the
normal vector

General Form:
Ax+By+Cz+D =0

Intercept Form:

+242=
a b ¢

(r,8,k)
(0<r<ow)
(0<6<2m)

where r and 0 take on all
values in their domains

(p, 6, k)
(0<p<x)
(0<6<2m)

where p and 6 take on all
values in their domasins

Parametric Form:
X = X9 +su; +tvg
Yy = Yo+ Ssu, +tv,
Z= Zy+ suz +tvg

where:
o (x0,Y0, Zo) is a point on the
plane.

o (uy,uy, uz)and(vy, vy, v3) are
direction vectors on the plane.

e sandtare parameters that vary
over all real numbers.

Vector Form:
r=1ry+sv+itw

where:

e vandw are given
vectors defining the
plane

e T is the vector
representing the
position of an
arbitrary (but fixed)
point on the plane

Point-Normal Form:
ne(r—-ry) =0
or
N, (x — x0) + 1, (y — yo)
+n,(z—25) =0

Normal Vector:
n=1v; X vy = (Ny,ny,ny)
i j k
N=1xX,—X1 Y2—Y1 Z2— 2
X3 —X1 Y3—Y1 Z3— 73

Points on the plane:
o Py = (x0,Y0,20) = T = (Pp)
e Py = (x1,Y1,%1)
o P = (x2,¥2,23)
o P3= (x3,y3,z3)

Vectors on the plane:
e vy =(P, — Py)

= (X2 — X1, Y2 — V1,22 — 7Z1)
e vy =(P; — Py)

=(X3 — X1, Y3 — 1,23 — Z1)
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Rectangular

Polar/Cylindrical

Spherical

Parametric

Vector

Matrix

Conics

General Equation for All Conics:

Ax?> + Bxy + Cy? +Dx+ Ey + F

=0
where
Line: A=B=C=0
Circle: A=Cand B=0
Ellipse: AC >0

or B> —4AC <0
Parabola: AC =0

or B> —4AC =0
Hyperbola: AC <0

or B> —4AC >0

Note: If A+ C = 0, then square
hyperbola

Rotation:
If B # 0, then rotate the coordinate
system:
A-C

cot 260 = 5

x=x"cosO —y'sin6
y=ycos6+x'sinf

New = (x’, y’), Old = (x, y)
rotates through angle 8 from x-axis

General Equation for All Conics:

Vertical Axis of Symmetry:
p

Tzl—ecos@

Horizontal Axis of Symmetry:
_ p
"= 1—esiné
a(l-e? 0<e<1
where p = 2d for e=1
a(e?-1) e>1

p = semi-latus rectum
or the line segment running from the focus
to the curve in a direction parallel to the
directrix

Eccentricity:

Circle e=0
Ellipse 0<ex<l1
Parabola e=1

Hyperbola e>1

Hyperbola
Parabola e );P] 4

e=1.0

Parabola Ellipse

y
. .

e ——p

Crossed Lines

LA

Hyperbola

Quadratic Form:

(x ) (B[}Z Bf)(;)

+(D E)(;)+F
=0

Matrix Form:
xTAgx =0

where
X

()
1

A BJ2 D)2
AQ=(B/2 c E/Z)

l
a=10 ) \ ‘ D/2 E/2 F
Y4 \ &7 \
\ ‘ \
Minor axis Major axis E"IpSE ’
Q(x2.v2) / R(x1.yl) e=06 !
Ny a=25 Circle Parabola  Hyperbola
3

Copyright © 2011-2025 by Harold Toomey, WyzAnt Tutor



http://faculty.eicc.edu/bwood/ma155supplemental/supplemental31.htm

Rectangular

Polar/Cylindrical

Spherical

Parametric

Vector

Matrix

X%+ y2 =12

(x-m*+ G-k =r?

Centered at Origin:
r = a (constant)
6 = 6 [0,2m] or [0,360°]

Centered at (1y, p):

2D:
[x —m|=r

General Form: 2 2 2 _ ;
r*4+ry —2rrycos(6 —¢) =R x = vector of the points of
Ax2+Bxy+Cy2(;i—Dx+Ey+F 0 0 the circle
= _ Hint: Law of Cosines m = vector to the center A B/2> x
where A= (and B =0 or of the circle B/2 C (y) .
= radi
Center: (h, k) 7; ro cos(6 — ¢) x(t) =rcos(t)+h = radis +(©@ ) (}’) +F
Vertices: NA -0 p = constant y(t) =rsin(t) +k =0
. 2 _ 2 cin2(0 — - . =
Gircle Focus: (h, k) + \/a 15 sin?(6 — @) 6 = 01[0,2n] [tmins tmax] = [0,2m) 3D: where
_ ¢ = constant = 0 ) X B/2
y-axis ieor;zesr ((;ll’:)) =c+rcos(t)u det( C ) >0
A Fir, &) A + rsin(t) v
=C
k ¢ = (cx ey ) =0
r 4 center of the circle
(e ) u, v are two orthogonal
y, 7D unit vectors in the plane
g polar axi of the circle
o t =[0,2m]
(x—h)?+(y—k)?2+(z-1)>
p = constant
Focus and center: 6 = 0[0,2n] iy Rectangular:
(h k1) ¢=¢1[0.2m] o x
iy
General Form: Rectangular to Cylindrical: Rectangular to Spherical: i / z
A2+BZ+C2 = Jx2 2 r:,/x2+y2+zz / .'" - .
+ gxy + g)’Z + ;xz ' o 0 (Z) i Cytindrica®
= arccos (- : r cos (0)
Sphere +Gx+Hy+1z+]=0 Spherical to Cylindrical: 75, : P r= !r sin (9)]
where A=B=C(C>0 p =rsin (6) ¢ = arctan (;) P 5
Cylindrical to Rectangular: z=rcos (6) Cylindrical to Spherical: Spherical:

x =1 cos (0)
y =rsin (6)
z=12z

Spherical to Rectangular:
x =rsinfcos ¢
y=rsinfsing

z=rcosf

= 71

D A
0 = arctan —) = arccos (—)
z r

=9

5 = theta /2P|
I =1 phiPl

rsin@sin¢
rcosf

T sin 6 cos ¢
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Rectangular

Polar/Cylindrical

Spherical

Parametric

Vector

Matrix

x2 yZ

2 =1

x — h)? —k)?

( 2) L=
a b2
General Form:

Ax%? + Bxy + Cy?> + Dx + Ey
+F =0

where B> — 4AC < 0or AC >0

Center: (h, k)
Vertices: (h + a, k)
Co-Vertices: (h,k + b)
Foci: (h+c,k)

Vertical Axis of Symmetry:
_a(l-e?)
"= 1+ ecosf

Horizontal Axis of Symmetry:
a(l-—e?)
r=—
1+esinf

Eccentricity:0<e <1

ab

r@)= J(bcos 0)? + (asin6)?

.~ directrices .

focpl paragdetar Latus rectum

Minor axis

Major axis

i linear eccentricity

Co-vertex

x(t) =acos(t) +h
y(t) =bsin(t) + k
[tmins tmax] = [0, 27]

Center: (h, k)

Rotated Ellipse:
x(t) =acostcos@ —bsintsin@
+h
y(t) =acostsin6 + bsintcos 6
+k

x
=c+acos(t)u
+ bsin(t) v

c= (cx, Cy, cZ)

(x ) (Bljz Bf) (;)
+( E) (;) +F

Elli relative to center (h, k) _ . =0
pse Focus length, c, from center: 6 = the ang/.e betvyeen the x-axis and center of the ellipse
¢z = q? — h? y 7 endooint of S the major axis of the ellipse u, v are two orthogonal where
1ap axis ; A unit vectors in the plane A B/2
Eccentricity: ' Y of the ellipse det (B /2 C ) >0
c Va?- b? t = [0, 27ts]
e= —= ——m8M — f Co-vertex Minor axis Major axis
a a P . Q(x2,y2) R(xLyl)
veriex : .
If B # 0, then rotate coordinate Inter est.mg Note: X
system: The sum of the distances from each 5
A=C focus to a point on the curve is
cot 26 = 5 constant.
x=x"cosO —7y'sinf X ldy +d,| =k
y =y cos6+x'sinf
New = (x’, y’), Old = (x, y)
rotates through angle 6 from x-axis
x(t,u) = acos(t) cos(u) +h
r2¢0520 sin®¢ y(t,u)=>b cos(t) sin(u) + k
— z(t,u) = csin(t) + 1
2 12 _ 2
Ellipsoid (x Zh) + & zk) + (= Zl) r?cos?0 r’sin’0 z° r2s5in%0 sin?¢ N x—-v)T4 ' (x-v)=1
P ¢ b: 1 ¢ a? * b? 2 ! , bz2 [tmins tmax] = [_EE] Centered at vector v
w = [Umins Umax] = [—m, 7]
c

Center: (h, k,1)
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Rectangular Polar/Cylindrical Spherical Parametric Vector Matrix
xZ yZ
@ b
Vertical Axis of Symmetry:
—h)?  (y—k)? 2 _
G 3 ) - & b2 ) =1 r= M Left-Right Opening Hyperbola:
a 1+ ecosf x(t) = asec(t) +h
General Form: Horizontal Axis of Symmetry: y(®) = btan(t) + k

Ax* +Bxy +Cy>+Dx+Ey+F

=0

where B> — 4AC > 00or AC <0

If A+ C = 0, square hyperbola

Center: (h, k)

_a(e?-1)
r_liesinH

Eccentricity:e > 1

¢ VET B

wheree = — =
a

a
=secd >1

[tmins tmax] = [—c,c]
Vertex: (h, k)

Alternate Form:
x(t) = +acosh(t)+ h
y(t) = bsinh(t) + k

(x Y)(Béz 352)(;)

o ' X
Hyperbola ’ - 1 x(t) =atan(t) +h =0
t)=bsec(t) +k
Focus length, ¢, from center: —cos™! (_ _) <6 <cos™t (_ _) y(®) _( )
2 _ 42 2 [tmin' tmax] - [_C' C] where
cc=a“+b
Vertex: (h, k) A BJ/2
Conjugate Axis det (B/Z C ) < O
Eccer;tr/atyz: Interesting Note: Alternate Form:
e = c_ —“a+b = sech The difference between the distances | mansiese s i x(t) = asinh(t) + h
a a from each focus to a point on the curve Ny : y(t) = b cosh(t) + k
. is constant. i :
If B # 0, then rotate coordinate ldy —d,| = k Hyperbola
systen;l: c General Form:
cot20 = —— p = semi-latus rectum x(t) = Ati + Bt+C
X =2 cos O —5sin 0 or the line segment running from the y()=Dt"+ Et+F
y =y cos 6 + x' sin 6 focus to the curve in the directions where A and D have different signs
9=i§
New = (x’, y’), Old = (x, y)
rotates through angle 8 from x-axis
(x-h? -k? (@-D?
a? + bz 2
=1

Hyperboloid

x-m? -k? (-2

T B b2 c?

=1
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Rectangular

Polar/Cylindrical

Spherical

Parametric

Vector

Matrix

y=ax?+bx+c
y=(x—-h?+k

Vertical Axis of Symmetry:
x* =4py
(x —h)? =4p(y — k)
Vertex: (h, k)
Focus: (h,k + p)
Directrix: y =k —p

Vertical Axis of Symmetry:
ed

r=———
1+ecosf

Horizontal Axis of Symmetry:

axis of symmetry

Vertical Axis of Symmetry:
x(t) = 2pt+ h
y(t) = pt? + k (opens upwards)
y(t) = —pt? — k (opens downwards)
[tmiru tmax] = [_C; C]
Vertex: (h, k)

Horizontal Axis of Symmetry: —ed """""""""""""""""""""""""""""""""""""" Horizonta Axis of Symmetry:
2=4 ' 7A=1+esin6? i () = 2pt + k
y° = 4px - s x(t) = pt? + h (opens to the right) ) ( A B/Z) (x)
= 1" = 4p(x = h) cityre =1 | N rectum | /| x(t) = —pt? — h (opens to the left) Bjz ¢ )V
Vertex: (h, k) Eccentricity:e =1 e X
Focus: (h +’p k) andd = 2p ; [tmin' tmax](}zl ][C;C’ C] + (D E) (y) +F
: ’ Vertex: (h, —
Parabola Directrix: x =h—p directrix =0
General Form: Projectile Mot/oln: where
Ax* + Bxy + Cy?> + Dx + Ey + F x(t) = xg + vt + (E) a,t? det(szZ Béz) 0
, BZ: (LAC o . Interesting Note.: y(t) = yo + vyt — 16t2 feet
where B~ — = The distances from a point on the y() =y, + vyt — 4.9t2 meters
orAC =0 curve to the focus is the same as to V. = vcos 6
. . x =
the directrix. V. =vsind
If B # 0, then rotate coordinate Y
24 Ste”lzl" ¢ General Form:
cot29=T x=At’+ Bt+C
— 742
x=x"cosO —y'sin6 y=Lt"+ ML+ N
y=7y'cos +x sinf where A and L have the same sign
New = (x’, y’), Old = (x, y)
rotates through angle 6 from x-axis
P2 A _ N2
Paraboloid &x=h + &=k = =D

a? b2 c?
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Rectangular Polar/Cylindrical Spherical Parametric Vector Matrix
S A
L A
Limit lim f(x) = L
d
dy dr . ~—® =7
, . f(x+h)—f(x) dy @ @51n9+ rcos 6 dt()
f'() = lim dx —dx — dr . of of _1of
1t h f( )= f(c) 49 aqg€osf—rsind dy I dx Unit tangent vector ar - ﬁe R o9 °
N f'(c) = s e —_— ==, provided — # 0 7 1 9
Derivative c xX—c dx dx dt T(t) f
. Hint: Use Product Rule for datc 7'(t) _, + Rsin () %Qp
f'x) = a =y =D, yf rsinge = TFol where 7' (t)
X =71 cos 43
dy Unit normal vector
2 d (dy d(de) | N
gnd f[l( ) — _(d}’) _ d_}zl — yu d2y d dy do (dx) ) d (dy) dt d_ ?,(t) N
Derivative dx/ D dx dxZ  dx (dx) dx ﬂ d (dy ) dt \dx _ dt = — where T'(t)
- Max do dx? dx dx d_x d_x ”T (t)"
dt dt =+ 6
Riemann Sum:
n
S=) . fOOG ~xi)
i
Left Sum:
1
B (E) 2 1
Fundamental Theorem of Calculus: f (a + ;) ++f(b— E)
b
b b b
Integral vidle sum [#@de= (| rode, | gwde, | nwao
Fx=fxdx=Fb—Fa 3 a a a
@=[f@® (b) - F(a) . ()[f(a+ L) p(at o)+ a
a 2n
+fb -5
Right Sum:
s= @l (erg)+r(ars)+
~\n fla n fla n
+£)]
b b d¥)
Double Same as rectangular, but
Integral J _f f(x,y) dx dy f(x,y) = f(pcos¢,psing)
a c(y)
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Parametric

Vector

Matrix

Rectangular

Polar/Cylindrical

Spherical

p d(z) g(v.z)

Same as rectangular, but

Triple f f f Same as rectangular, but .
; 0 sin ¢
Integral fx,y,2) dx dy dz X,y,2) — cos¢ . psind z f(x, Y._Z) — f(p cos )
8 a c(z) ey f&y.2) f ¢.psing,z) psin@sing,pcos )
if y=sin6 then® =sin"'y  or 6 =arcsiny
If f(x) = y,then f~' (y) =x if y=rcos@ then@® = cos™'y  or 6 = arccos y
if y=tan9 then@ =tan 'y or 6 = arctany
Inverse . .
Functions Inverse Function Theorem:
(@) = 1 if y= csc@ then® =csc™'y  or @ = arccscy
" f(a) if y=sec8 then® = sec™'y  or 8 = arcsecy
if y=cot@ then® = cot™'y  or @ = arccoty
b
= ’ 2 Rectangular 2D:
L f 14 [f'(x)]? dx 5 2 2
a Polar: dx dy
= [ (@) + @) «
Proof: dry? 2
L= f rZ + (—) de
As = /(x = x%0)2 + (y = ¥0)? do
As = J(Ax)Z + (Ay)? C=rd=2nr Rectangular 3D:
R Y Where r = f(0) A 2 2 2
ds = /dx? + dy? - B dx dy dz
S=1ro L= —) + (=) + (=) dt
dx2 Circle: dt dt dt b .
ds = |dx?+dy? <ﬁ> L—s—rd s * L= f I @Il dt
Arc Length x =SET N a
Cylindrical:
dy\* Proof: t2 2 2 2 s(t) = ftll?’(u)ll du
- 2 4 (22 2
ds \]dx + ( x) dx L = (fraction of circumference) - I = f (ﬂ) + 72 (d_9> + (%) dt 0
> 7 - (diameter) : dt dt dt
d
ds = \/dxz (1 + (_y> ) 0 © remaoecan .
d L = (—) T (27‘) =10 Spherical:
2T L =
_ dy 2 tz
ds = 1+<_x) dx dpz L dO\2 ng02
] (qe) +omsinto(G) +02 ()
= de ty
_|aT
2"y —y"2)? + S
|yn| K(@) . |T2 + 27"2 - T'T”l (x”z’ _ Zux/)z +
= —_— - , 3 e arlla 12 =
Curvature (1+ y’2)3/z (2 +1r'2)/2 e O'"x—=x"y") = ||7:,(t)|| (See Wikipedia: Curvature)
(xrz + yIZ + 212)3/2 |7 (t)”

forr(6)

where f(t) = (x(t), y(t), z(t))

_ P @) x 7@l

7@
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Rectangular Polar/Cylindrical Spherical Parametric Vector Matrix
2+b2
Ellipse: C = 21 2
Square.’ P=4s 2 . . _ z ,\/ﬁ
Rectangle: =20t 2w c Ellipse: C = 4a [?V1 — k%sin?6 d
Perimet Triangle: P=a+b ~ —
erimeter | Triangle =athc m[3(a+b) —/(Ba+ b)(a + 3b)] (a—b)? 2
Circle: C=nd=2nr C~m(a+th) (1 + 3h ) — & k2=[(1-=
Ellipse: C =n(a+Db) Frla 10 + V4 —3h (a + b)? a?
Square: A=s2 B s
Rectangle: A=lw (1 5 A= f g@) f'() dt
Rhombus: A=%ab A= ff[f(e)] de a
Parallelogram: A =Bh a where f(t) = x and g(t) =y
rrapezoid: PECETA where r = f(6) or
' i 0 x(t) =f(t) and y(t) = g(t)
Kite: A= —12 2
Triangle: A=%Bh Simplified:
Triangle: A =% ab sin(C 8=h B
Triangl ing H ’s F (/) : dx(t) or or
Area gle using Heron’s Formula: A= |y — dt A= ff |0_ x 6_| du dv
A= \/s(s—a)(s—b)(s—c) p D u ov
_a+b+c
where s = — i Proof:
Equilateral Triangle: A = V4\/3s? b
Area of a sector where arc length s = f f(x) dx
Frustum: a=1 (M) h r0: o
. _ 3y 2 1 y =f(x) = g(t)
Circle: A=nr A= | sdr = r0 dr = =120
Circular Sector: A =% r’6 2 af ()
Ellipse: A =rab dx = Tdt = f'(t) dt
For rotation about the x-axis: For rotation about the x-axis:
SA=fZ1ry ds SA = erty ds
Cylinder: SA =2nrh
Lateral Cone: SA =nrl For rotation about the y-axis: For rotation about the y-axis:
Surface b SA = f 2mx ds Sphere: SA = 4mr? SA = f2nx ds
A
D 2nff(x) JI+[f O dx
‘ ds= [re+ (%) ao as= (%) +(2) a
$= 07 T \ae *= Nae dt
r = £(6), as 6P ifx=fM),y=g),a<t<p
. = 2 . .
Cube: SA =65 Ellipsoid: SA ~ J'i xJnSin[E'] A bt ct Sin[6]% Cos[p]% + al of Sin[6]! Sin[p]® + alb? Cos[6]! A8 dy =
Rectangular Box: SA = 2lw + 2wh + 1 a Jo
aPbP + aPcP + bPcP\ P
Total 2hl 41T < ) : i ] ] m ) )
Surface Regular Tetrahedron: SA = 2bh 3 Ellipsoid: S= =7 [C N Ao ELLIpticF (&, m] +b+f & -c EllipticE(s, u]
Area Cylinder: SA=2nr(r+h) Where p =~ 1.6075, 2 (b - o) =
Cone: SA:]‘[r2+]'[rI=]'[r(r+/) |R€lative ET‘T‘OT‘| < 1.061% m = ﬁ;e=ﬂrcsin[ 1- - ] ra=zhzoc
Sphere: SA = 4rtr? (Knud Thomsen’s Formula) where b* (2% - %) a

Copyright © 2011-2025 by Harold Toomey, WyzAnt Tutor

10
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Rectangular Polar/Cylindrical Spherical Parametric Vector Matrix
For revolution about the x-axis: For revolution about the x-axis: For revolution about the x-axis:
b 2 A 2 b 2 2
A=2 f 1+(d_y) d A-anrcos@ r2+<£> de A —21'[j (t) (%> +(d_y> dt
=2m | f&) ax) ¥ - do x = y dt dt
a

a

a

st ot
For revolution about the y-axis: For revolution about the y-axis: For revolution about the y-axis:
b 2 B 2 b 2 2
B dx ) 5 dr dx dy
A=2mr | x [1+ (@) dy A=2m f rsin@ |r?+ (%) do Ay = 21fo(t) (E) + (E) dt
a (04 a
Cube: V=s3
Rectangular Prism: V = lwh
Cylinder: V = nr’h
Triangular Prism: 'V = Bh
Tetrahedron: V =% Bh . pho
Pyramid: V =% Bh @
= 14 [wh psin@cos8, J - L
Cone: V =% Bh f(rcos@,rsinb,z)r flpsing sing, Qo e Ellipsoi:
Volume LR 4
= 15 mr2h dz dr do , pcos¢@ . V= §n\/det(A‘1)
Sphere: V= gnr3 w posing dp dg do
Ellipsoid: V= g mabc o

ffff(x,y,z)dxdydz
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Rectangular

Polar/Cylindrical Spherical

Parametric

Vector

Volume of
Revolution

Disk Method
%4

b
= f(area of circle) d(thickness)
a

Rotation about the x-axis:
b

V= fn [F OO dx

Rotation about the y-axis:
d

V= fnxzdy

[

Ay

Disk of Rotate
volume

A 4

Washer Method

Rotation about the x-axis:
b

V= [rliror - g dx

a

V' = Vouter pisk — Vinner pisk

Shell Method

4
b

= f (circumference) (hight) dx

a

Rotation about the y-axis:
b

V= f 2nx f(x) dx

a

Rotation about the x-axis:

d
V=f27ryg(y) dy
c

(@)

(b) ()

(CY

=
= B

f(x)

Cut line

|

fix)

27X}

N

(b)
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Parametric Vector Matrix

Rectangular Polar/Cylindrical Spherical
N a (b dm )i
Moment of I=Zmir-2= mr?dr ]=fr2dA=f(x2+y2)dA ‘¢ ’ . .
i . J J = . j';j _ f f p(r) d(r)? dv (r) (see Wikipedia: Moment of Inertia)
v

Inertia i=1
J=1 +1, WL

1 & 2D for Discrete: 3D for Discrls te: 1 M 1
_ N 1 X=— x dm R=— | rdm
R=— Z m; 1; =i =— . M f
M £, iTi M, = Zmi % Xem =X =4 Z, m; X; 0, M .
Center of where M = YN m; i=1 N y=— | ydm 1 S
Mass $ YCm=y=lzmiYi I;I O R=Mfffp(r)rdV Xl@ @
1D for Discrete: My = Z i Yi Mo Z=— | zdm v A
_ myXxy +myx; M =1 M 1 N M J, Where 1 is distance from coniee
Xem = _m1 +m, X = Wy' y= ﬁ" Zem = Z = I Z m; z; where M = f:’ dm the axis of .ro.tation, not
i=1 and dm = pdz dy dx origin.
(VF()) e v = Dyf (x)
Gradient Y —af'+af'+afk
ap P pap ¢ a9z ¢ ar " roe ° " rsin0ap © ox; )
where f = (f1,f2,f3)
b
Line Integral J.f(X,J’) ds = des = f fr®) Ir'@©ldt
c c a
(Contour b b
Integral if dx\?>  dy\? fF(r) o dr = J- F(r(t))« r'(t)dt = F(b) — F(a)
et e |2+ (2w Foear= |
a Fundamental Theorem for Line Integrals
J-f ds =
s
dx Ox fv cdS =
) |5 X —|dsdt S
ffo(x(s ) |as at| s
Where x(s,t) = f
° das =
Surface (x(s, 0, ¥(s, ), 2(5, 1)) oo
Integral and
ox 0x U
Zx Z) = v(x(s,t)
(as at) T ( )
dox Ox
(a(y,z> 0(z,%) 3(,) ) + (55 % ) @
d(s,t) " (s, t)’ (s, t)
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