2009/10 Schol paper 1, all questions, draft ver-
sion.

The first four questions are Derek Kitson’s, the best six answers went to the
mark with no restriction on how this was divided between Derek and me.
The standard Fourier formula sheet was also included, see the Schol paper 2
for example.

1. Let C be the plane curve
y=Inzx, x>0

(a) Find the curvature of C.
(b) Describe the behaviour of the curve as x — 0.

(¢) Find the point on C' at which the curve has maximum curvature.

2. Find the minimum volume of a solid region in the first octant in R?
which is bounded by the planes z = 0, y = 0, z = 0 and by a tangent
plane to the sphere

2yt i=1

3. (a) Compute the line integral
/ e dr + (xz e’ + zcosy) dy + (zy e’ + siny) dz
c

where C' is the curve consisting of the line segment joining (1,0, 1)
to (0,0,0) followed by the parabola

r=t y=t>, 2=0 0<t<1

(b) Determine if the vector field

Yy xXr
F(:an) = <_x2+y2’ $2+y2>

is conservative on its domain.




4. Compute the integral

///E(G+4y)dv

where E is the solid region in R? bounded above by the ellipsoid
oy 2
4L =1
9 + 1 +z

and bounded below by the plane z = 0.

5. The Laplace transform of a function f(¢), ¢ > t is a function of s defined

as -
L) = [ fayede
Show .
£ at] _
[l = —
where a is a constant and you may assume s > a. Show that,

£ || = st - 10

where you can assume
Jim f)e™ =0

By taking the Laplace transform of both sides of the equation solve

daf
Y9
dt /
where f(0) = —1.
6. Write the on-off pulse
1 —mT<t<O0
fiey=9 -1 0<t<m

0 otherwise

as a Fourier integral.

7. Find the general solution of

Py Py dy
<2 _3_ < 2 _ 1= t
s Sae ¢

8. Find the general solution of

24 + 3ty +y = 2



