CYK/2008/PH 410/Tutorial 1 Electrodynamics I

Here are some practice problems in vector calculus and curvilinear coordinates.

1. Find equations for the tangent plane and normal line to the surface z = 22 4 2 at the
point (2,—1,5).

2. Find the unit outward normal to the surface (z — 1)2 4+ y? + (2 + 2)? = 9 at the point
(3,1, —4).

3. Find the divergence and curl of #/r2.
4. Prove:
(a) V- (0A) = (V9)- A+ ¢(V-A).
(b) Vx(VxA)=V(V-A)-V2A.

5. Show that F = (2zy + 23)i + 2%j + 3222k is a conservative force field. Find the scalar
potential. Find the work done in moving an abject in this field from (1, —2,1) to (3, 1,4).

6. Given ¢ = 2zyz%and a curve C(t) = (t2,2t,¢3) from t = 0 to ¢t = 1. Find [, ¢dr.

7. Evaluate [¢ A-dS where A = 182zi—12j+3yk and S is that part of the plane 22+3y+62z =
12 which is located in the first octant.

8. Prove Green’s theorem in a plane. (See any textbook)
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9. Foragiven R > 0, define r, = (:172—|—y2 + (z—R/2)2) / and r, = (:172 + 9%+ (z+R/2)2) / .

The prolate ellipsoidal coordinates are defined as

£ = £lratn)
1= )

¢ = tan~! (%)

Find inverse transformations, basis vectors eg, e, €4 , scale factors he, hy), hy , differential
vector dr, length element ds? and volume element dv.

10. Let
0 lx < —% X
on(x) = oy ST <3,
0 % <z
Show that

tim_ [ Zf(z)én@) dz = £(0)

n—oo

assuming that the function f is continuous at x = 0.



