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Problem P15 – Effective Spring Constants

Two springs with constants k1 and k2 are connected (i) in
sequence and (ii) in parallel, respectively. What would the
constant keff of a single spring have to be to produce the
same dynamics?

4.7 Exercises 123

the rope to not eventually fall off the pulley, what should this initial
speed be? (Don’t worry about the issue discussed in Calkin (1989).)

Section 4.2: Simple harmonic motion

4.15. Amplitude *
Find the amplitude of the motion given by x(t) = C cos ωt + D sin ωt.

4.16. Angled rails *
Two particles of mass m are constrained to move along two horizontal
frictionless rails that make an angle 2θ with respect to each other. They
are connected by a spring with spring constant k , whose relaxed length
is at the position shown in Fig. 4.17. What is the frequency of oscilla-
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tions for the motion where the spring remains parallel to the position
shown?

4.17. Effective spring constant *

(a) Two springs with spring constants k1 and k2 are connected in par-
allel, as shown in Fig. 4.18. What is the effective spring constant,
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Fig. 4.18

keff ? In other words, if the mass is displaced by x, find the keff

for which the force equals F = −keff x.
(b) Two springs with spring constants k1 and k2 are connected in

series, as shown in Fig. 4.19. What is the effective spring
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constant, keff ?

4.18. Changing k **
Two springs each have spring constant k and equilibrium length ℓ. They
are both stretched a distance ℓ and attached to a mass m and two walls,
as shown in Fig. 4.20. At a given instant, the right spring constant is
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somehow magically changed to 3k (the relaxed length remains ℓ). What
is the resulting x(t)? Take the initial position to be x = 0.

4.19. Removing a spring **
The springs in Fig. 4.21 are at their equilibrium length. The mass oscil-
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Fig. 4.21
lates along the line of the springs with amplitude d. At the moment (let
this be t = 0) when the mass is at position x = d/2 (and moving to the
right), the right spring is removed. What is the resulting x(t)? What is
the amplitude of the new oscillation?

4.20. Springs all over **

(a) A mass m is attached to two springs that have relaxed lengths of
zero. The other ends of the springs are fixed at two points (see
Fig. 4.22). The two spring constants are equal. The mass sits at

mk k

Fig. 4.22its equilibrium position and is then given a kick in an arbitrary
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