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Distance formula: The distance |p P | between the points Equation of a sphere: The equation of the sphere with
3 (X1 Y., Z, ) and P, (X2 YsaZ, ) is’ canter at c(h, k, 1) and radius r is:

2 2 2 2
PP = V=) + (v - ) + (2 - 2.) (x=h) +(y=k) +(z-1) =r

If d=<a,,a,,a, >and b =<b,b,,b, > * 5.6=|3:|2 where |a|:Va12+a§+a§
then g+b=<a +b,a, +b,,a, +b, > when d=<a,a,,a, >
and d-b=<a —Db,a -b,,a -b > N L
mevotproguer o f
; g *  a(6+c)=ab+ac
If d=<a,a,,a,>and b=<b,b,,b, > a(b+C)=ab+ac
then the dot product of d and b is * (c.d) b=c (55) =a(c 5)
ab=ab +a,b, +ab, % .
(0d)=4a.0)=0
T TE——————
Scalar projection of b and & is: then a.b S b | cos @
- ab
Comp,b =— % = . -
|a| The vectors & and D are orthogonal if b =0
Vector projection of b and % is : * dand b are parallel and directed in same direction if
. (ab)a (a-b)ﬁ ab=a|b|
Pro]ab: = =~ .2 a
&l Jlal  al

o
o
I
|
o
o

AT DR e

the cross product of @ and b isa vector given by

ab =<ah, —ab,,ab —ah, ab, —ab >

* Two non-zero vectors d and 6 are parallel if
dxb=0

) . = * The length of cross product & x 5 is equal to the area of
I£§ is the angle between a and b then parallelogram determined by vectors 3 , p and € is:
|axb|=alb=alb|sing v=abxc)|



—

r = F(’) +ty where fg is the position vector of a point on

line, { isthe vector parallel to line and t is the
parameter.

X=X,+at , y=y,+bt, z=2 +ct

where (X,,Y,,Z,) isapointon lineand < a,b,c >

are the direction number of the line

X=X, — Y=Y _ Z—1,

a b c
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Vector equation : If i is the normal vector of plane and
is the% position vector of a point in the plane then its vec-
tor equation is: A(F-1)=0

Scalar equation: If (x,,Y,,z,) is a point in plane and
< a,b,c > are the direction number of normal to the plane
then the equation of plane is:

a(x—x0)+b(y—y0)+c(z—zo):0
or ax+by+cz+d=0 where d =—(ax, +by, +cz,)

Perpendicular distance of a point (X,,Y,,Z,) from the
plane gx + by +cz=d
_Jax +by, +cz, +d |

var+b*+¢?

D

Quadric Surface Equation
2 2 2
Ellipsoid LA AN
as b
2 2
Hyperbolic paraboloid z - Xy
a’ b
X2 2 2
Hyperboloid of one sheet Z 4 y_ S |
a® b

X=rcosf ,y=rsinf , z=z2
y

where 2 =x* 4y’ . tanf== . z=z
X

Diagram plrez)

Y
/\
X

Quadric Surface Equation
2 2
Elliptic paraboloid z _ X n y
a’> b’
2 2 2
Cone L = X + Y
¢ a b
2 2 2
Hyperboloid of two sheet _X_ _ y_ + Z_ =1
a2 b2 C2

X= psingcosd - Y= psingsinb:

z=pcosg where p* =x’+y* +7°
Diagram z p(ez)

z=fCos0

/\ v 2
X
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When equation of the curve is y = f(x), When equation of the curve is x = f(t), When equation of the curve is
a<X<Db then y=1(t), @ <t < [ then r:f(@),aSHSbthen

tl(dyY T(axY  (dyY P dr }’
= e L: — e dt = 2 _—
-] ”(dxj e J (dJ {dt) ’ L=Jyr +(d0j @8 .

a

b Lo (Y f d ) (dyY : 2
S=£27’f(x) 1+(d_ij dx S=_D[27fy (H) +(d_)t/j dt S:IzﬂrSinH r2+(:—;j do

Equation Graph Directrix Vertex AXis Focus
y? = dax i x=-a (0, 0) y=0 (4a, 0)
[ 4 X
y? = —dax \r x=a (0, 0) y=0 (-4a, 0)
F
T
x> = 4ay ’ y=-a (0,0) x=0 (0, -4a)
F
o X
X’ = —day Y y=a (0, 0) x=0 (0, -4a)
423
- : - Length -
Equation Graph Foci Vertices Major Minor Eccentricity
Xy 4 (+ae,0) (£a,0) 2a 2b 2
— =1 b
a.2 b2 o= 1 -—

__D % (O,ib) a

(a>b)

o
N B
S : (0, +ae) (0,+a) 2a 2b ;
Xy, /a o b
\
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Equation Graph Foci Vertices Eccentricity = Asymptotes
2y 1Y . b’ b
x__y_:1 \\ 4 (J_rae,O) (J_ra,o) e=,|—=+1 y=%+—X
aZ b2 ~ ,’ a a

\\ ’6,
~
(a>b) : 3 —
F2/ -7 SN\ R X
/// \\\
- N
J\y 2
x> 2 b _ . a
b_z_y_2=1 ~ky/ (0,%ae) (0,%a) e= ¥+1 y_iBX
-~
a \\\ ,’
(a>b) N EASEN
Pl 6\\ X
/, \\
- TF2 \\\

ed
1t eCosé

A polar equation of the form r =

The conic is ellipse ife < 1
The conic is a parabola ife =1
The conic is a hyperbola if e > 1

If and are differentiable vectors, ¢ scalar and f a real
valued function, then

1 %[U(t) +O(t)] =T +D'(t)
d
2. Zred(t)] = ca’
m [cl(t)]=cu'(t)
3. %[ f+am]= f'oam+ fou'e
4. %[a(t)ﬁ(t)] =U'(t).o(t) +U(t).o'(t)
5. %[a(t) xO(t)] = U'(t) x o(t) + U(t)x o '(t)

6. %[u( f ()] = O '(f (1)

r=——
1t eSind

represents a conic section with eccentricity e.

If F(t) =< (1), g(t).h() > then

b b b b

[r =] f@advi +([ gdt j+([htydnk

*  Curvature of a curve: K(t) = w where

[T
r')
T'(t)=
© |7 |
Also
[F®)xr'®)|
Kt)=—2—~~21
O ror
* Normal vector: N(t) _To
[T'(t)|

*  Binomial vector: B(t) =T (t)x N(t)
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If f=f(x, y) then If f is differentiable function of X and y then directional de-
* partial derivative of f with respect to x : Eivalt)i\[; ?t;(f, i;)ﬂ;e (fi)i(r(e;ti;r)lgt:i_ur}; (V ;fg);ba =<a,b>
fX(x, y) = lim foeeh, yﬁ 1Y) or Df (X, y) = VF (X, y).d
* partial derivative of f with respect to y: where Vf (X,y) = ii‘ n i j called the
fy(x,y) = lhlgg oy hl‘z — 1Y) gradient vector of f. "

* f(x)x = fxx = i(ﬂj _9 - dz = fx(x, y)dx + fy(x, y)dy
OX \_OX OX
& dx + oz dy
* o (of o’ f = A .
f = fxy = —| — | =
COY = TRy ay(ax) 0y ox X 2
. z Chechammie
F(y)x = fyX=i(ij= o
. ox\ oy 0y ox 1. If z=f(x, y) and x=x(t), y=y(t) then
of(of )\ o*f dz of dx of d
F(y)y = fyy=—[—)= 3 222
oy \ 9y oy dt oxdt oy dt

2. If z=f(x, y) where x=g(s, t) and y=h(s, t), then
Suppose f is defined on a disk D that contains the point g _ g % n Q @ 0z _ g % oz oy

(a, b). if both the functions f, and f  are continuous on D, 0s  OX Os 05 E ox ot _E
then fy(a, b)=f,(a, b) 2 %

Let the second derivative partial derivatives of f are
To find maximum and minimum values of f(X, y, z) subjects continuous on a disk with centre (a, b) and let fx(a, b)=0 and
to the constraint g(X, y, Z)=k [assuming that these extreme fy(a, b)=0 i.e. (a, b) is the critical point of f. Let

1 ist and the surf: X, ¥,2) =K
values existand Vg 0 on the surfuce §(x.¥.2) =k | D = D(a,b) = fx(a,b) fyy(a,b) — [ fry(a, b)}
(a). Find all values of X, y, z and A such that
VI(X,y,2) = AVQ(x,Yy,z) and g(X,y,2) =K (a). If D > 0 and fxx(a, b) > 0 then f(a, b) is local minimum

JIfD>0 fxx(a, b) < 0 then f(a, b) is local i
(b). Evaluate f at all the points (X, y, z) that result from ®) and fxx(a, b) en (8, b) is local maximum

part(a). The largest of these is maximum value of f

. If D <0 then f(a, b) is neither local i local
and smallest of these is minimum value of f. ©) en f(a, b) is neither local maximum nor loca

minimum and (a, b) is called a saddle point.

n

m
The double integral of f over the rectangle R is defined as: I j. f(x,y)dA= lim Z f (X Yi)AA
m,n

R Tl dal

If this limit exists.

[where (xi;,y;) is a point in each rectangle R;j obtained by dividing R into sub rectangles and AA is the area of each sub
rectangle.]
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Given a rectangle R=[a, b] x [c, d]. Divide R into sub
rectangles R;; obtained by dividing [a, b] into m — subin-
tervals and [c, d] into n — subintervals.

Then “‘ f(x,y)dA= ii f(X,¥;)AA

i1 j=1

where X is the mid — point of [X;,_, X;] and Y is the mid-

point of
rectangle.

RERY

and AA is the area of each sub

Equation you will need

Description

Mass of the lamina with

Equation

density f(x, y) which occu- | m = ﬂ f(x,y)dA
D

pies region D is given by

The co-ordinates of centre
of mass ,— —. are
(X,Y)

Surface area : The area of
the surface with equation
7z=1(X, y), (X, y) € D where
fx and fy are continuous

Moment of lamina about
X-axis

Moment of lamina about
y-axis

Moment of inertia about
X-axis

Moment of inertia about
y-axis

Moment of inertia about
origin:

Radius of gyration y
with respect to x-axis

Radius of gyration ;
with respect to y-axis

- My 1
x_—m == J;J.xf (%, y)dA
_ Mx 1
YZFZE.QW(X,YWA

A®s) = [[ NGO NT + [y y)TF +1
dA °

(2] (2]

dA

MX =ﬂyf(x, y)dA
My = ” xf (X, y)dA
IX = H y* f(x,y)dA

ly = J‘J‘ x> f(x, y)dA

lo =”(x2 +y?) f(x,y)dA

=2

my =IX

=2

mx =1y

If f is continuous on the rectangle

R={(x,y):a<x<b,c<y<d},then

bd db

[ [Focy)dA= [ focy)dydx=[[ fx yydy
Note :

*1f £(x, y) = g(x)h(y)

then IR j f(x,y)dA :j j g()h(y)dA

= [ g0odx[ h(y)dy

where R=[a, b] x [c, d]
* If fis continuous on region D and D is type I region i.e.
D={(xy):a<x<b,g,(X)<y<g,(X)}

b 92(x)

then J.Dj'f(x,y)dAzj. I

a g1(x)

f (X, y)dydx

* Iffis continuous on region D and D is type II region i.e.

D={(x,y):c<y<d,h(y)<x<h(y)}
d h(y)

then J'Dj f(x,y)dA = Jc. hl.([y) f (x, y)dxdy

*1r D= DUD, where D, and D, do not overlap
except perhaps on their boundaries, then

o focyda= [ocydas] [ focya
* J.Dj'ldA = A(D) = Area of region D.

*rrm<f (X,¥) <M forall (x,y) in D, then

mA(D) < ij f (x, y)dA < MA(D)

* Double integral in polar co-ordinates : If f is continuous
on a polar rectangle R givenby 0 <a<r<bh,
a<@< B where 0L f—a <271 ,then

IRI f(x,y)dA = ﬂl f(rcos®@,rsin@)rdrdd

6
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Let a function of f is defined on a rectangular box B given by: B = {(x, y,z);:a<x<bc<y<d,r<z< s} Divided B into sub-
boxes by dividing the intervals [a, b] into | subintervals [X; ,, X; ] of equal width Ax, dividing [c, d] into m subintervals of
width Ay and dividing [r, s] into m subintervals of width Az.

Then Bijk=[X_,X Ix[Y;,Y;]1x[Z,,Z,] and each sub box has volume Av = Ax Ay Az then the triple integral of f over
box B is

JIJ f oy 2ydv = Iﬁ f (X, y,z)dxdydz

If f is continuous on a cylindrical region E given by:
a<0<B,h(@)<r<h(0),u(rcosd,rsind) <z <u,(rcosd,rsinf)
then

up (rcos@,rsinf)

A Up(rcosé,rsiné) .
[[[feay.nav=[ [ | f(r cos 0, r'sin 0, 7)rdzdrd @
E a hy(6)

If f is continuous on a spherical region E given by:
E={(p.0.4):a<p<ba<d<pc<g<d}
then

J-H f(x,y,z)dv = jjij f (psingcosh, psingsiné, pcosg)p’ singd pdHd g
E Caa



