




P321(b), Assignement 2
Ex. 3.5, Fetter & Walecka

1 Exercise 3.5 (Fetter & Walecka)

The setup of the exercise is shown in figure
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Figure 1: The monkey, of mass M , starts from point B and climbs a distance d(t). The
Bananas are at the point A and have a mass m. The string has a constant length L.

Equation of motion
In order to determine the equation of motion, one has to know the number of degrees

of freedom. Let’s count the number of degree of freedom. Each of the banana and the
monkey require 3 coordinates {x, y, z}, which means a total of 6 coordinates for the whole
system. However, they are both constrained to z axis, i.e. x, y = 0, which suppresses 4
degrees of freedom. Besides, they are linked via the string which has a constant length, so

1



the height of the bananas is related to that of the monkey, which eliminates an extra degree
of freedom. We are left with only one degree of freedom, namely the height of the monkey
Z(t) = zB + d(t). We should only need one equation to describe the system.

Since the string, attached at a height H, has a constant length L, we have the following
relation

2H = zA + L+ zB = zA + L− d(t) + Z(t) ⇔ zA = 2H + d(t)− L− Z(t) . (1)

The initial conditions will be

Z(0) = Ż(0) = 0 , d(0) = ḋ(0) = 0 ,

zA(0) = 2H − L , zB(0) = 0 .
(2)

The Lagrangian for the whole system is

L = Tbananas + Tmonkey − Vbananas − Vmonkey , (3)

with

Tmonkey =
M

2
Ż2 ,

Tbananas =
m

2
ż2A =

m

2
(ḋ2 + Ż2 − 2ḋŻ) ,

− Vmonkey = −MgZ ,

− Vbananas = −mgzA = −mg(2H − L+ d− Z) ,

(4)

which leads to

d

dt

dL

dŻ
= (M +m)Z̈ −md̈ ,

dL

dZ
= −(M −m)g .

(5)

The equation of motion is derived from the Lagrange equation

d

dt

dL

dŻ
=

dL

dZ
⇔ (M +m)Z̈ −md̈ = (m−M)g (6)

The equation of motion is equivalent to

Z̈ =
m

M +m
d̈+

m−M

m+M
g , (7)
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Integrate the equation of motion
We can integrate twice the equation of motion with respect to time, to obtain

Z(t)− Ż(0)t− Z(0) =
m

m+M
(d(t)− ḋ(0)t− d(0)) +

m−M

m+M

g

2
t2 , (8)

using the initial conditions we get

Z(t) =
m

m+M
d(t) +

m−M

m+M

g

2
t2 . (9)

Special case: m = M In the case m = M , we get the equation

Z(t) =
1

2
d(t) . (10)

The height of the bananas is given by equation (1)

zA(t)− zA(0) = d(t)− Z(t) =
1

2
d(t) , (11)

in other words

Z(t) = zA(t)− zA(0) , (12)

namely, the vertical distance they travel is the exact same, hence their vertical separation
remains constant!
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