
2

that the skydiver falls during t seconds can be found from New-
ton’s Second Law, F = ma. During the free fall portion of
the the jump, we will assume that there is essentially no air
resistance, so F = −mg where g = 9.8ms−2 and m = 70kg.
After the parachute opens, a significant drag term due to the
air resistance of the parachute affects the force F , causing the
force to become F = −mg − kv where v is the velocity and
k = 110kg/sec is a drag coefficient.
(a) Find the range of times T1 at which the rip cord can be
pulled for a gentle landing.
(b) Find the height after T1 seconds of free-fall.

(3) A long thin rod is clamped vertically at its lower end and a
mass M is attached to its upper end. The coordinates (x, y) of
any point on it satisfy the equation

EI
d2x

dy2
= Mg(a − x).

where E, I and a are constants. Given that x = 0 when y = 0
and x = a when y = L show that

x = a

[

1 −
sin ω(L − y)

sin ωL

]

where ω2 = Mg/EL. (Hint: Let z = a − x).

(4) Suppose that you have done some mathematical modelling.
This has produced a differential equation which you have solved
by assuming a power series solution. The power series you have
found is the following.

J0(x) =
∞

∑

k=0

(−1)k
x2k

4k(k!)2

(a) What is the radius of convergence of the power series?

(b) Use Mathematica to plot the partial sums

SN(x) =
N

∑

k=0

(−1)k
x2k

4k(k!)2
,

for N = 1, 2, 3, 4 over the interval [−5, 5].

(c) Plot the inbuilt Mathematica function BesselJ[0,x] against
some partial sums. Can you draw any conclusions from
your graphs?




