THE FACULTY OF SCIENCE AND TECHNOLOGY
EXAM II: MAT300 Vectoranalysis

DATE: 4th March 2016, 09:00 - 13:00

PERMITTED TO USE:

Rottmann: Matematisk formelsamling
Calculators: HP 30S, Casio FX82, TI-30, Citizen SR-270X, Texas BA II Plus, HP17bIl

THE EXERCISE SHEET CONTAINS 4 EXERCISES ON 2 PAGES
+ 1 PAGE WITH FORMULAS

EXERCISE 1

Let C be the curve: r(t) = ecosti—elsint j+tk; 0<t<m.

a) Compute the line integral

/x2 +y? + ¥ ds.
C
b) Prove that the vector field F(x,y, 2) = (22 +y+yz)i+ (e* + o+ 22)j+ (ye* +zy +322)k

is conservative.

¢) Compute the line integral

/F-dr.

c
EXERCISE 2

Consider the transformation z = u + 3v; y = 2u 4+ v, between
(u,v) -coordinates and (z,y) -coordinates.

Let R be the bounded domain on the plane xy bounded by the lines:
y=2x, y=2x—5, 3y==x, end 3y =x + 5.

a) Draw R in the plane xy and the image of R in the plane uv.

b) Compute the double integral

// (y — 2z)e% =271 A,
R

using the above change of coordinates.



EXERCISE 3
Let F be the vector field F(z,y, 2) = (y + 2¢%)i — (2 cos? x + 6y?)j + (2 cos = + ysin® 2)k.

a) Compute div F and curl F.

b) Let C be the curve of intersection of the sphere 22 + y? + 22 = 5 with the plane z = 1.
Let C be oriented counterclockwise looking from (0,0,0). Compute the integral

/F-dr.

C

EXERCISE 4

Let S be the part of the sphere 6 = 22 4+ y? + 22, that lies above the plane xy.
Let T be the domain bounded by the surface S and the paraboloid z = x2 + 3.

/T//(z+1)dV

b) Consider the vector field F(z,y,2) = (vz + y)i+ (yz — 2)j + (22 + 2)k.
Compute the flux
/ / F-Nds
S

of F in the direction out of the ball 22 +y? + 22 < 6, where N is the unit normal vector

to S.

a) Compute

Good luck!



Formulas:

Line integral of a function f along a curve C: r =r(t), a<t<b:

[ 7as - /b P (o) 5 .
C a

Line integral of a vector field F = Fji + Fyj + F3k, along a curve C: r = r(t),
a<t<b:
b
“ dx dy dz
F.-Tds = F.dr = F1d$+F2dy+F3dZ: (F1 + Fh— + F3 dt.

dt dt dt)
C c c a

Surface integral of a function f over a surface S : g(z,y,z) = K (K is a constant):

Vgl
qs — / / |
// f fIVg P\
Stokes’ theorem:

(Z{F-dr—//(vXF N dS = //v x F) vigngdA
// V-FdV://F-NdS.

divF =V -F, curl F=V xF, V—axl+ayJ+azk

Divergence theorem:

Cylindrical coordinates: (rcosf,rsinf, z) = (x,y, z).
Spherical coordinates (R sin ¢ cos @, Rsin ¢ sin 0, Rcos¢) = (x,y, z)
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