
A6, General Physics Experiment I T = 2π

√
`

g
Spring Semester, 2023

Name:

Team No. :

Department:

Date :

Student ID:

Lecturer’s Signature :

Introduction

1. E1: Ideal Pendulum

Goals

� Verify the Huygens’ formula for the period
of an ideal pendulum of a small amplitude.

� Estimate the gravitational acceleration g.

Fig. 1: A schematic description of the pendulum mo-
tion. The trajectories for the bobs of two pendulums
with different rod length are tracked.

Fig. 2: The horizontal displacement x(t) ≈ `θ(t) of
the bob. The corresponding amplitude and period
are proportional to the length ` and

√
`, respectively.

Theoretical Backgrounds

(a) An ideal pendulum consists of a pointlike
weight (bob) that swings freely about a fric-
tionless pivot suspending a massless rod to
which the bob is attached.

(b) The trajectory of the bob is a circle.

(c) The equilibrium point is the crossing point
of the trajectory and the vertical line drawn
from the pivot.

(d) Galilei noticed the periodicity of the pendu-
lum:

T ∝
√
`,

where T is the period and ` is the length of
the pendulum rod.

(e) The equation of motion for an ideal pendu-
lum is regarding the torque on the bob:

m`2θ̈ = −mg` sin θ.

Here, m is the mass of the bob and θ is the
polar angle of the rod measured from the
vertical line counterclockwise. This is the
second-order nonlinear differential equation

θ̈ + ω2
0 sin θ = 0,

where θ̈ =
d2θ

dt2
and the constant ω0 is

ω0 =

√
g

`
.

(f) If the angle θ is restricted to a small range
θ � π

2 , then sin θ can be approximated as

sin θ =
∞∑
k=0

(−1)k

(2k + 1)!
θ2k+1 ≈ θ, (1)

where we have neglected the terms of order
θ3 or higher.

(g) If we apply the approximation (1), then the
equation of motion becomes identical to that
for a simple harmonic oscillator:

θ̈ + ω2
0θ = 0.
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The solution is of the form

θ(t) = θm cos(ω0t+ φ), (2)

where θm is the amplitude and φ is the ini-
tial phase. Thus the period is determined
as

T =
2π

ω0
= 2π

√
`

g
.

Huygens derived this formula for the first
time. The corresponding frequency is f =
1/T .

2. E2: Harmonograph

Goals

� Investigate the two-dimensional trajectory
of a Blackburn pendulum.

� Understand the Lissajous curve.

� Read off the frequency ratio from a Lis-
sajous pattern.

Fig. 3: A Y-shaped pendulum so called the Black-
burn pendulum. The length of the pendulum for the
oscillation along the x axis and that along the y axis
differ from each other.

Fig. 4: A Lissajous curve with the frequency ratio
ωx : ωy ≈ 2 : 3.

Theoretical Backgrounds

(a) An apparatus generating a geometric image
by making use of the periodic motion of pen-
dulums is called a harmonograph.

(b) As one of the harmonographs, a Y-shaped
pendulum so called the Blackburn pendu-
lum consists of a bob swinging on an ap-
proximate horizontal plane suspended by a
Y-shaped string.

(c) The trajectory of the bob of a Blackburn
pendulum is a Lissajous curve.

(d) The solution for the Blackburn pendulum is

x(t) = A cos(ωxt+ δ), y(t) = B cosωyt,
(3)

where the angular frequency ωx and ωy are
determined by the geometry of the Y-shaped
string. By eliminating t, we obtain the cor-
responding Lissajous curve.

(e) For example, we list a couple of special
cases:

� ωx = ωy with δ = 0.

y =
B

A
x, x ∈ [−A,A].

� ωx = ωy with δ = ±π
2 .

x2

A2
+
y2

B2
= 1, x ∈ [−A,A].

(f) The ratio A : B determines the aspect ratio,
the width-to-height ratio.

(g) The number of knots of the curve is deter-
mined by the ratio

ωx : ωy = fx : fy =
1

Tx
:

1

Ty
,

where fi = ωi/(2π) = 1/Ti for i = x or y.

(h) The phase difference δ determines the ap-
parent rotation angle of the figure, viewed as
if it were actually a three-dimensional curve.

(i) If δ = 0, then the curve collapses into a
straight line Bx = Ay within the range
x ∈ [−A,A].
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3. E3: Resonance

Goals

� Observe and understand the resonance.

Theoretical Backgrounds If an external driv-
ing force with angular frequency ωd acts on an
oscillating system with natural angular frequency
ω0, the system oscillates with angular frequency
ωd. The amplitude xm of the system is greatest
when

ωd = ω0,

a condition called resonance.

Experimental Procedure

1. E1

(a) Measure the lengths ` of pendulums.

(b) Have the pendulums oscillate with small
amplitudes.

(c) Record a video of the oscillating motions.

(d) Open the recorded video file and set the co-
ordinate tool.

(e) Make a tracking of a pendulum.

(f) Draw the x(t) graph and make a sine fit.

(g) Fill the ω0 of the fit result in the Excel file.

(h) Repeat the steps (f)–(g) with another pen-
dulum.

2. E2

(a) Measure the lengths of α and β for the Y-
shaped string. See Fig. 3 for the definitions
of α and β.

(b) Have the Blackburn pendulum oscillate on
the approximate horizontal plane.

(c) Record a video of the pendulum motion
from the bottom of the oscillating plane.

(d) Open the recorded video file and set the co-
ordinate tool.

(e) Make a tracking of the pendulum.

(f) Draw the graphs of x(t) and y(t) in a single
plot.

(g) Make sine fits to the x(t) and y(t) data.

(h) Fill the fit results in the Excel file.

(i) Repeat the steps (a)–(h) with another Y-
shaped pendulum.

3. E3

Observe the motions of pendulums at the reso-
nance.
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