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Exercise 1 Consider a curve u in one-dimensional space with
w:[1,2] >R,  tt? 4t

Verify that the curve is simple, differentiable, and regular. Compute the curve integral fu fdl,
where

fR—=R, z — 323
1s the scalar field.

Exercise 2 (vector analysis in 1D) Let Q C (a,b) be an open interval in one-dimensional
space.

e FEzxplain why there cannot be a simple closed continuous curve in €.

e When Q = (—10,10), compute the integral of the scalar field

x

o=

along the curves

y:[0,1] = Q, t— (2t —1),
2 [_17 1] — Q: t— (t)7
73:[0,1]—)9, t'—)(l—Qt),
Y [0,1] = Q, t— (=14 2t%),
Compute the tangent vectors (t).

e Compute the integral of the vector field

F(z) = (;ceﬂf) (1)

along the curve v4. Find a potential for this vector field, and write down the general form
of all potentials.



Exercise 3 We review notions of potentials and conservative vector fields. Let 0 C R"™ be open.
Suppose we have a vector field F = (Fy,...,F,) € CY(Q,R"). Recall that we have introduced the
condition

8iF;=0;F;, 1<ij<n. (2)

Suppose that n = 2. Show that F' satisfies if and only if it is curl-free: curl F = 0.

Suppose that n = 3. Show that F satisfies if and only if it is curl-free: curl F' = 0.
Suppose that n = 1. Show that F' satisfies .

Suppose that F admits a potential f € C1(,R), so that Vf = F. Show that if vy : [a,b] — Q
is a simple reqular curve, then

/ Fdi = f(x(b)) — f(+(a)). 3)
:

Show that if v is closed, then

//Fdzzo. (4)

Exercise 4 We introduce the following curves:
v:[0,1] — R3, t (3,824t
§:[1,00) = R?, t— (5,e_t)
For each curve
e compute the tangent vector
e compute the speed of the curve
e find the unit tangent vector

e for 0, find the unit normal along the curve that is the 90 degree clockwise rotation of unit
tangent

e argue why it is a reqular curve
e and compute the length of the curve.
Exercise 5 We consider the vector field
F:R? » R?, (z,y) — (m3,y3)

We want to find a potential over the domain Q = R2. Fiz a constant of integration at (0,0) and
define a potential via the integral of the vector field F' along a simple reqular curve going from

(0,0) to (z,y).



Exercise 6 The closed curve
~(t) = (sin(¢)(1 + 0.5sin(2t)), cos(t)(1 4 0.5sin(2t)))

encircles a domain € in counterclockwise direction. Find the tangent 4(t), the unit tangent T(t)
and the outward pointing unit normal 7i(t). Only simplify as much as reasonable.

Exercise 7 We work over the quadratic domain
Q= {(xl,x2)€R2 ‘ 1< <1, —1<$2<1}.

Compute the integral fo divF dx1dxo, where

—

F(x1,22) = (Sin(ivl)x% (1 + x2)5>



