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Marks

12] 1. Let C be the osculating circle to the helix r () = (cost,sint, t) at the point where
= 7/6. Find:

t

(a) the radius of curvature of C;
(b) the center of C
(

¢) the unit normal vector to the plance of C.

Continued on page 3
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[13] 2. Let F = (yzcosx,zsina + 2yz,ysinx + y? — sinz) and let C be the line segment

r(t) = (t,t,t), for 0 <t < 7/2. Evaluate / F o dr.
Jo

Continued on page 4
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[13] 3. Let S be the cllipsoid 22 + 22 + 322 = 16, and n its outer unit normal.

[ r,y, %) —(2,1,1
(a) Find // F e ndS it F(x,y,2) = [(I‘Z//) ( LY EYOR
s @221 (024 (= 1

(:1;: Y, Z) - (3 2, 2)
(2 —3)2 4 (y — 2)2 + (2 — 2)2)*

(b) Find // GendS if G(r,y,z) =
JJs

Continued on page 5
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13] 4. Find the net flux // F e ndS of the vector field F(z,y, 2) = (z,y, 2) upwards (with
JJs

2,2

respect to the z-axis) through the surface S parameterized by r = (uv®, u®v, uv), for

0<u<1, 0y <3,

Continued on page 6
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[13] 5. Let F = (sinz?, 22, 2%). Evaluate 7{ F e dr around the curve C of intersection of the
Jo
cylinder 22 + y? = 4 with the surface z = 22
from high on the z-axis.

, traversed counter clockwise as viewed

Continued on page 7
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[13] 6. Explain how one deduces the differential form

1 0H
D ———
VX c Ot

of Faraday’s law from its integral form

%Eodr——//HondS
JO (’df

Continued on page 8
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[13] 7. Let Q C I2? be asmoothly bounded domain, with boundary 9 and outer unit normal
n. Prove that for any vector field F which is continuously differentiable in €2 U 050,

// VdeV// F xndS.
JJJa JJoq

Hint: Recall the fundamental lemma used in proving the divergence theorem.

Continued on page 9
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8.

True or False. Explanations arc not required. Consider vector fields F and scalar
functions f and g which arc defined and smooth in all of three-dimensional space. Let
r = (x,y, z) represent a variable point in space, and let w = (w1, ws, ws) be a constant
vector. Let © be a smoothly bounded domain with outer unit normal n. Which of
the following arc identitics, always valid under these assumptions?

(a) VeVf=0

(b) FxVf=fVeF

() V2f=V(V e[

(d) VxVf=0

() (Vx[f)+(Vxg)=VfxVy

(f) VeVXF=0

r _
T2

(g) Ve 0, forr #0

(h) Vx(wxr)=0
(i) //S2 fVeFdV = //S2 VfoFdVJr/(;QfF e ndS

0 ff s Jff v

The End
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