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Angle (rad) and Angular velocity (rad/s)

: Y(LA.SC_ reod  commmescts gn mj code f{'lﬁdﬂj MFL@‘.\- whet T e A_o.'nj.

ort math
t numpy as np
t matplotlib.pyplot as plt

# initialize
N = 1000
times = np.
timestep

o/ (np.pi)
# initial condit
theta 0 = 0.1
theta_dot_0 = 0
# lists whic i
thetas = [theta_0]
theta_dots = [theta_

th

# Filling c

dot_o]
eta, theta_dot):

ything according mu

kl_theta = timestep * theta_dot

ki_theta_dot = t

imestep * (-g/1)+*np. (theta)

k2_theta = timestep * (theta_dot + k1_theta_dot/2)

k2_theta_dot = t

ate value

imestep * (-g/1)#np.sin(theta + ki_theta/2)

theta_new = theta + k2_theta
theta_dot_new = theta_dot + k2_theta_dot

1 theta_new

, theta_dot_new

ign valu at t=0 t urrent
theta_current = theta_0
theta_dot_current = theta_dot_o

for i in (N

# assigning

lues cur el can tinue

theta_current, theta_dot_current (timestep, theta_current, theta_dot_current)
# adding values to the list
thetas. (theta_current)

theta_dots.

omega (g/1)

(theta_dot_current)

olution (I am usi I see on 1d.

theta_analytical = theta_0 # np.cos(omega + times)

plotting
plt. [§8]

{thetas[il}, The t: {theta_dots[il}")

plt. (times, thetas, label="Theta (Position)
plt. (times, theta_dots, labe Th 0 \ C .", color

(times, theta_analytical, lytical t Pos.

, color="r
black', line:

(rad) and r ")

)
(times, (thetas-theta_analytical)=+2)
)

Line 1, Column 1

fontsize=20
, fontsize=20)

0.09980293673433734, Theta_dot

0.3 — Theta (Position) Eooa . 0.09921213398515179, Theta_dot
| == Theta_dot (velocity) HO [ 0.09822991334005482, Theta_dot
-== Theta_analytical (Approximation of Position) j | 1] 7% z L a%?:iggﬁi%iigg;’f'TZZ??;Z?
0.2 I 1 H— | 0 ;0. o H
i n i I it ! i Vgt 0.09298095670986926, Theta_dot
il porb ity gy 14, Theta: 0.0904868124224158, Theta_do
01 L [ [ bl i Lo H 16, Theta: 0.0876355672826225, Theta_do
PRGN TN INTNTN A | 18, Theta: 0.08443844241492314, Theta_dot
MGV RV MRV G 2, Theta: 0.088090802372512097, Theta_dot:
0.0 i FEA W A A
IRYBTRITBRTRE
RIERTRRTERTAR
—0.1 AT
TR
~0.2 -j 1
b i
f i
-0.34 v v

.5 10.0 12.5 15.0 175 20.0

Time (s)

-0.019706326566266457
—-0.03933524280827243
-0.058809557350423466
-0.0780526685310158
-0.09698885753469336
-0.11554357907837533
—0.1336437487919696
-0.15121802640169202
-0.16819709378528414
—-0.1845139269269209




i)

Thetas, Thet:

a_dots:

.8, Theta: 1, Theta_dot: @
5 - — Theta (Position) .02, Theta: 0.9983390028529902, Theta_dot: -0.16609971470098026
N _ Thata_dot (velociy) .04, Theta: 0.9933577851791343, Theta_dot: -0.33184421820230925
& it T Th anditcans b of pdsition) .06, Theta: 0.9850670242717536, Theta_dot: —0.4968733927544581
T 5 i !i ( Thpta anclyticalilgipproximaripr of Postion .08, Theta: 0.973484670098038, Theta_dot: —0.6608178092251259
= vt .1, Theta: 0.9586361762820105, Theta_dot: -0.823294390153474
2 prolE gt .12, Theta: 0.948554814602484, Theta_dot: -0.9839024610151895
g1 P A I !N‘ .14, Theta: 0.9192820639188475, Theta_dot: -1.1422203231322636
2 i i HARH AN i .16, Theta: 0.894868061748177, Theta_dot: -1.297802483330515
5 FRENEIRE ‘1 i .18, Theta: 0.8673721040061252, Theta_dot: -1.4501776753650435
g oTTrTI IRHE .2, Theta: 0.8368631757384908, Theta_dot: -1.598847804998203
< g Rl R
2 ; el Ak L
& 1] 1 i (D7 WY
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pset_3_damping.py
>rt matn
»rt numpy as np
t matplotlib.pyplot as plt

# initialize array starting at t=0 w/ 1000
N = 1000

times np. (0, 20, N + 1)
timestep = 0.02

assign constants

.8
9/(np.pi)*+2

ditigns
X np.pi, 14 # value from t on to radians *pi/180)
theta_dot_0 0 # value from pset

# ich will ed on to with return \
thetas [theta_0]
theta_dots [theta_dot_0]

(timestep, theta, theta_dot):

# Filling out everything according to formul:
k1_theta timestep theta_dot
kl_theta_dot = timestep * ((-gamma * theta_dot) - (g/l * np. (theta)))

k2_theta = timestep (theta_dot k1_theta_dot/2)
k2_theta_dot = timestep * ((-gamma % (theta_dot + kl_theta_dot/2)) - (g/1 * np. (theta + k1_theta/2)))

#U alu
theta_new theta + k2_theta
theta_dot_new = theta_dot + k2_theta_dot

urn theta_new, theta_dot_new

theta_current = theta_0
theta_dot_current theta_dot_0

# gning return va to current valu the 1 can continue
theta_current, theta_dot_current (timestep, theta_current, theta_dot_current)
# adding values to the list

thetas. (theta_current)

theta_dots. (theta_dot_current)

# more constants
omega_@ = np. (g/1)
omega = np. (omega_@++2 - gammax*2/4)

# analytical solutions
theta_no_damping = theta_@ * np. (omega * times)
theta_damping = theta_0 * np.exp(-gamma * times/2) * np.cos(omega * times)

# table for pset 2a

1
(f"Time: {times[il}, Theta: {thetas[il}, Theta_dot: {theta_dots[il}")

otting
(0]
(times, thetas, label="Theta (Position)")
#plt.plot(times, theta_do L
(times, theta_damping, lat (Approxim f Posit linestyle="--", color="red")
ot(times, thet damping, label="Theta_no_damping (Approximation with no damping)", linestyle="dotted")
linestyle linewidth=1)

)

Thetas, Theta_dots:
0.0, Theta: 0.17453292519943295, Theta_dot: @
0.02, Theta: 0.1741901574357244, Theta_dot: -0.03424249959448279
0.04, Theta: 0.17316389086766645, Theta_dot: -0.06828344441930248
0.06, Theta: 0.17145948151529578, Theta_dot: -0.10199083852166241
0.08, Thet 0.16908491297474978, Theta_do -0.1352341530505484

- —— Theta (Position)
L 0.15 —=- Theta_damping (Approximation of Position)

0.1, Theta: 0.16605076243600253, Theta_dot: -0.16788478907130654

i 0.12, Theta: 0.16237015747202851, Theta_dot: -0.1998165375051954
A /\ i 0.14, Theta: 0.15805872365956075, Theta_dot: -0.23090603582780433

0.16, Theta: 0.15313452310107953, Theta_dot: -0.2610332209227965
0.18, Theta: 0.14761798393230535, Theta_do -0.29008177721297207
0.2, Theta: 0.14153182091991653, Theta_dot: -0.317939578889854

T

-0.10

Angle (rad) and Angular velocity (rad/s)
o
°
3

-0.15

0.0 2.5 5.0 7.5 10.0 12.5 15.0 175 20.0
Time (s)



Times, Thetas, Theta_dots:

Time: 0.0, Theta: 1.5707963267948966, Theta_dot:
i Theta: 1.5688224059146787, Theta_do
Theta: 1.5629085388552597, Theta_do

Theta: 1.5530626820465139, Theta_do
Theta

1.5392931281712454, Theta_do
1.521608962741308, Theta_dot:
Theta: 1.5000206998939947, Theta_do
Theta: 1.474541094564386, Theta_dot
Theta: 1.4451861267951664, Theta_do
Theta: 1.411976151793821, Theta_dot:
1.374937206303802, Theta_dot:

Time 0.02,
1.54 —— Theta (Position) i 0.04,
—-- Theta_damping (Approximation of Position) :-gg:
@ .08,
-l H \ 0.1, Theta:
s :‘ n I 2
oy A RYAWA " .
8 ! [ ! ! 1 ,\ I‘ n
o i 1 TRER! ] I \ ’
o 05 1 1 1 i ] 1 1
> ! ! R [NRRYATRNAY
e N I RTR ! \ 0.2, Theta:
i) N | T 1 \ 1
3 i i \ y o
2 oo T t T
< vl i li ! !
2 NI
| | [ i\
5 7% TR ANV A Y
£ VRV R A A
o i H v
© -1.01 ] v
2 v
<
-1.54
0.0 25 5.0 75 10.0 125 15.0 175 20.0
Time (s)
1.5 A
1.0 A ‘I:
[
3
[
0.5 1 [

A QgT-QD'

—0.5

1
1
1
1
1
1
1
1
1

-1.0 i
Theta (Position)

—=- Theta_damping (Approximation of Position)

Angle (rad) and Angular velocity (rad/s)
o
o

-1.54 Theta_no_damping (Approximation with no damping)
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5
Time (s)

20.0

]
—0.19719469593376537
-0.3939938605667329
—0.5903875559741572
—-0.7863475465017462

—0.9818182850159265
: -1.1767080209079777

-1.370880084499502
-1.5641444365538602

-1.756249612864936

-1.9468752411276142
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