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Formula Sheet Math Multi-Variable Calculus

1. lengthof a vectorin Space |v| =V v,*+v,” +v5’

2. 2dimensional dot product u-v =u,v; +u,v,

3. 3 dimensional dot product u-v = u,v; + U,v, +usv;

4. Angle betweentwo vectors cose=__u-v

lu| |v]
5. Cross product u X v = (U,V3 —U3V,)i— (U vz —usvy)j+ (uivs - upvy )k
6. parametric form equations of a line inspace X=X, +at

y = yl + bt
z=2,+ct

7. symmetricform of the equations of a line in space

XXy =Y—-V:=2—-24

b C

Standard equation of a plane in Space

a(x-x;) + b(y-y1) +c (z—z,)=0

general form of the equation of a plane in Space ax +by +cz+d =0
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10. cylindrical to Cartesian (rectangular):

X=TrCoSs e y=rsine z=12
11. Cartesian (rectangular) to cylindrical
=X +y tan e =y/x
Spherical coordinates:
e Spherical to Cartesian
T = psingcosf, y=psingsinf, z=pcosay,
e Cartesian to Spherical
[ 9 0 . / z
p=yz*+y*+2%, tanf=y/z, cos¢=—m—.
VT2 4 y® + 22

14. total differential: dw = 6w dx + 6w dy+ 6w dz + 6w du

&x Sy 6z bu

15 Chain rule one independent variable dw = éw 6x + 6w &y

dt  6x5t bybt

16. Chain rule two independent variables

17.Chain rule Implicit differentiation

dy = - F(x,y)
dx  Fy(xy) Fy(x,y)#0

=z
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18. Chain rule Implicit differentiation

dz = -F(x,y,z) dz =-F(x,y,z)
dx  F.(xy,2) dy F.(xy,z) F.(x,y,2) #0
19. Directional Derivative

20.

21.

For unit vector u=cose i+sinej

D.f (x,y) = fx(x,y) cos e +f,(x,y) sin e

Gradientof f
Vo f(x,y) = fx,y)i Hy(x,y)j

Second Partials Test
f must have continuous second derivatives on an open region containing point (a,b) for which

f,(a,b) =0 f,(a,b)=0

To test for extrema consider the quantity:

D= f,,(a,b) f,,(a,b) — [f,,(a,b)]?

if d >0 and f,,(a,b) > 0, then f has a relative minimum at (a,b)
if d >0 and f,,(a,b) < 0, then f has a relative maximum at (a,b)
if d < 0 then (a,b,f(a,b)) is a saddle point.

the testis inconclusive ifd =0

PwWwnNR

22. Ellipse x*/a’+y’ /b’ =1

23. Ellipsoidx*/a2 +y*/b’ +2°/c* =1
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24. Hyperbola x*/a’-y*/b*=1

25. Hyperboloid of one sheetx’/a’ + y*/b>*-z*/c> =1
26. Hyperboloid of two sheetsx’/a’-y*/b> - z*/c* = 1
27. Ellipticcone x*/a’ +y*/b>—7*/c*=0

28. EllipticParaboloid z = x*/a’ +y*/b’

29. Hyperbolicparaboloid z = y*/b*>-x*/a’

[f u and v are nonzero vectors, then the projection of u onto v is given by

proj,u = (u ' f)v
(M5

30.
The distance between a plane and a point Q (not in the plane) is
PO - n|
L SR *n
D = ||proj,PQ| =
n]]
31, Where P is a point in the plane and n is normal to the plane.
The distance between a point Q and a line in space is given by
P_\ g |
p _ IP0 xul
]
32 where u is a direction vector for the line and P is a point on the line.

D, f(xy) = Vf(xy) - u

33. Usinggradients to compute directional derivatives:

Teacher : Eng. Baseem A. altwajre




34

THEOREM 13.18 Least Squares Regression Line

The least squares regression fine for {{(x,. y,), (s, yo), . . ., (% ¥,) }is given

by flx} = ax + b, where

Vi(xg, vo) = AVg («Ina J’U)

35.LaGrange’s Theorem

; : ’ 1 [ A
=1 =1 _a=1 — = -
) ' and b n{.;zl ¥;

i

=
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