
























Pendulum Timing
Analysis

Name: Blase Londoño

Section: B01

Variable Description
Variable

Name
Values/Equati

ons
Unit

s
Comments

Acrylic Pendulum Specifications

Area A 109.341
cm^
2

Thickness t 0.635 cm

Volume Vol 69.431535
cm^
3

Density p 1.188

gm/
cm^
3

Calculated Mass of Acrylic M_Calc 82.48466358 gm

Actual Mass of Acrylic M_Act 84 gm

Length to Center of Mass of Acrylic La 7.173 cm acrylic only

Percent Error in Acrylic Mass
Calculation M_Error

0.00018039719
29 %

Calculate Total Mass of Pendulum

Mass of One Bolt with Two Nuts Mb 4 gm

Number of Bolts with Two Nuts Nb 8
bolt
s



Total Mass of Pendulum with Nuts
and Bolts Mt 114.4846636 gm calculated

Calculate Center of Mass of Pendulum with Bolts

Length to Center of Mass of Bolt 1 L_bolt1 9.947 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 2 L_bolt2 11.237 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 3 L_bolt3 14.562 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 4 L_bolt4 13.702 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 5 L_bolt5 14.853 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 6 L_bolt6 10.58 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 7 L_bolt7 11.819 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 8 L_bolt8 12.956 cm distance from pivot point to bolt

Length to Center of Mass in Meters
Lcom_me
ter 0.08649948918

met
ers calculate with acrylic and bolts

Estimated Center of Mass of
Pendulum with Nuts and Bolts Lcom_est 0.11

met
ers

intermediate verification with acrylic
and bolts

Percent Error in Pendulum Nuts and
Bolts Lcom Estimate

Lcom_err
or 1.127168381 %

Calculate Natural Frequency and Timing using Point Mass
Assumption

Gravitational Constant g 9.8
m/s^
2

Natural Frequency in radians/sec
nat_freq_r
ad_sec 10.64403433

rad/
s

Natural Frequency in Hz
nat_freq_
hz 1.694050678 1/s

Period of Oscillation period 0.5903011128 s

Number of Teeth on Escapement
Wheel nteeth 14

teet
h

Calculated Time of One Revolution
of Escapement Wheel time_calc 8.264215579 s

Measured Time of One Revolution of
Escapement Wheel

time_mea
s 9 s

Percent Error in Clock Timing time_error 8.903257841 %

Calculate Natural Frequency and Timing using Rigid Body
Assumption

Moment of Inertia of Pendulum I_a 5376.049
g*c
m^2

Moment of Inertia of Bolt 1 I_bolt1 509.224356
g*c
m^2

Moment of Inertia of Bolt 2 I_bolt2 594.481924
g*c
m^2

Moment of Inertia of Bolt 3 I_bolt3 829.670416
g*c
m^2

Moment of Inertia of Bolt 4 I_bolt4 751.088836 g*c



m^2

Moment of Inertia of Bolt 5 I_bolt5 882.446436
g*c
m^2

Moment of Inertia of Bolt 6 I_bolt6 484.264036
g*c
m^2

Moment of Inertia of Bolt 7 I_bolt7 599.2704
g*c
m^2

Moment of Inertia of Bolt 8 I_bolt8 724.794084
g*c
m^2

Total Moment of Inertia I_total
0.00107512894

9
kg*
m^2

Natural Frequency in radians/sec

rb_nat_fre
q_rad_se
c 9.500865882

rad/
s

Natural Frequency in Hz
rb_nat_fre
q_hz 1.512109769 hz

Period of Oscillation rb_period 0.66132765 s

Calculated Time of One Revolution
of Escapement Wheel

rb_time_c
alc 9.2585871 s

Percent Error in Clock Timing
rb_time_e
rror 2.792943433 %
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Acrylic Pendulum Specifications

Area A 109.341
cm^
2

Thickness t 0.635 cm

Volume Vol
=MULTIPLY(A,

t)
cm^
3

Density p 1.188

gm/
cm^
3

Calculated Mass of Acrylic M_Calc
=MULTIPLY(Vo

l,p) gm

Actual Mass of Acrylic M_Act 84 gm

Length to Center of Mass of Acrylic La 7.173 cm acrylic only



Percent Error in Acrylic Mass
Calculation M_Error

=DIVIDE(SUM(
M_Act,-M_Cal
c),MULTIPLY(

M_Act,100)) %

Calculate Total Mass of Pendulum

Mass of One Bolt with Two Nuts Mb 4 gm

Number of Bolts with Two Nuts Nb 8
bolt
s

Total Mass of Pendulum with Nuts
and Bolts Mt

=SUM(M_Calc
,MULTIPLY(Mb

,Nb)) gm calculated

Calculate Center of Mass of Pendulum with Bolts

Length to Center of Mass of Bolt 1 L_bolt1 9.947 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 2 L_bolt2 11.237 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 3 L_bolt3 14.562 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 4 L_bolt4 13.702 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 5 L_bolt5 14.853 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 6 L_bolt6 10.58 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 7 L_bolt7 11.819 cm distance from pivot point to bolt

Length to Center of Mass of Bolt 8 L_bolt8 12.956 cm distance from pivot point to bolt

Length to Center of Mass in Meters
Lcom_me
ter

=MULTIPLY(DI
VIDE(SUM(MU
LTIPLY(M_Cal

c,La),MULTIPL
Y(Mb,SUM(L_
bolt1,L_bolt2,L
_bolt3,L_bolt4,
L_bolt5,L_bolt6
,L_bolt7,L_bolt

8))),Mt),0.01)
met
ers calculate with acrylic and bolts

Estimated Center of Mass of
Pendulum with Nuts and Bolts Lcom_est 0.011

met
ers

intermediate verification with acrylic
and bolts

Percent Error in Pendulum Nuts and
Bolts Lcom Estimate

Lcom_err
or

=ABS(DIVIDE(
SUM(Lcom_m
eter,Lcom_est)
,Lcom_meter)) %

Calculate Natural Frequency and Timing using Point Mass
Assumption

Gravitational Constant g 9.8
m/s^
2

Natural Frequency in radians/sec
nat_freq_r
ad_sec

=SQRT(DIVID
E(g,Lcom_met

er))
rad/
s

Natural Frequency in Hz
nat_freq_
hz

=DIVIDE(nat_fr
eq_rad_sec,M 1/s



ULTIPLY(2,PI()
))

Period of Oscillation period
=DIVIDE(1,nat

_freq_hz) s

Number of Teeth on Escapement
Wheel nteeth 14

teet
h

Calculated Time of One Revolution
of Escapement Wheel time_calc

=MULTIPLY(nt
eeth,period) s

Measured Time of One Revolution of
Escapement Wheel

time_mea
s 9 s

Percent Error in Clock Timing time_error

=ABS(time_m
eas-time_calc)

/time_calc% %

Calculate Natural Frequency and Timing using Rigid Body
Assumption

Moment of Inertia of Pendulum I_a 5376.049
g*c
m^2

Moment of Inertia of Bolt 1 I_bolt1
=MULTIPLY(M

b,11.283 2̂)
g*c
m^2

Moment of Inertia of Bolt 2 I_bolt2
=MULTIPLY(M

b,12.191 2̂)
g*c
m^2

Moment of Inertia of Bolt 3 I_bolt3
=MULTIPLY(M

b,14.402 2̂)
g*c
m^2

Moment of Inertia of Bolt 4 I_bolt4
=MULTIPLY(M

b,13.703 2̂)
g*c
m^2

Moment of Inertia of Bolt 5 I_bolt5
=MULTIPLY(M

b,14.853 2̂)
g*c
m^2

Moment of Inertia of Bolt 6 I_bolt6
=MULTIPLY(M

b,11.003 2̂)
g*c
m^2

Moment of Inertia of Bolt 7 I_bolt7
=MULTIPLY(M

b,12.24 2̂)
g*c
m^2

Moment of Inertia of Bolt 8 I_bolt8
=MULTIPLY(M

b,13.461 2̂)
g*c
m^2

Total Moment of Inertia I_total

=MULTIPLY(S
UM(I_a,I_bolt1,
I_bolt2,I_bolt3,I
_bolt4,I_bolt5,I
_bolt6,I_bolt7,I
_bolt8),0.0000

001)
kg*
m^2

Natural Frequency in radians/sec

rb_nat_fre
q_rad_se
c

=SQRT(DIVID
E(MULTIPLY(

MULTIPLY(Mt,
0.001),MULTIP
LY(g,Lcom_me

ter)),I_total))
rad/
s



Natural Frequency in Hz
rb_nat_fre
q_hz

=DIVIDE(rb_na
t_freq_rad_sec

,2*PI()) hz

Period of Oscillation rb_period
=DIVIDE(1,rb_

nat_freq_hz) s

Calculated Time of One Revolution
of Escapement Wheel

rb_time_c
alc

=rb_period*nte
eth s

Percent Error in Clock Timing
rb_time_e
rror

=ABS(time_m
eas-rb_time_c
alc)/rb_time_c

alc% %


