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psetd.py

import math
import numpy as np
import matplotlib.pyplot as plt

# initialize array starting at t=0 w/ 1000 steps, dtype=float
N = 1000

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

timestep = 0.02

# assign constants
9.8

1 = g/(np.pi)s+2
b = 0.15 # damping factor
m =1 # mass of pendulum
FOo=1

gamma = b/m

omega_0 = np.sart(g/1)

# initial conditions

theta_@ = 5xnp.pi/12  # value from pset (deg converted to radians by *pi/180)
theta_dot_® = @  # value from pset

omega = 10 # value from pset

#1 which will be added on to with return values of RK2 function
thetas = [theta_o]
theta_dots = [theta_dot_0]

def RK2(timestep, theta, theta_dot, t):

# Filling out everything according to formulas
ki_theta = timestep * theta_dot
ki_theta_dot = timestep = ((F_8/m = np.cos(omega * t)) - (gamma * theta_dot) - (g/1 * np.sin(theta)))

k2_theta = timestep (theta_dot + k1_theta_dot/2)
k2_theta_dot = timestep * ((F_0/m * np. (omega * (t + timestep/2))) (gamma * (theta_dot + k1_theta_dot/2)) (g/1 * np. (theta + k1_theta/2)))

# Update values
theta_new = theta + k2_theta
theta_dot_new = theta_dot + k2_theta_dot

return theta_new, theta_dot_new

theta_current = theta_o
theta_dot_current = theta_dot_0

for i in (N):
# assigning return values to current values so the loop can continue
theta_current, theta_dot_current (timestep, theta_current, theta_dot_current, times[i])
# adding values to the lis
thetas. (theta_current)
theta_dots. (theta_dot_current)

# analytical solutions
base = F_0 * np.cos(omega * times)

# table for pset 2a
Times, Thetas, Theta_dots:")

for i in (11):

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

# plotting
plt.

(figsize=(12, 8))

plt. (times, thetas, label=f"Theta (Position) ({omega} rad/s)")

#plt.plot(times, theta_dots, label="Theta_dot (Velocity)", linestyle="-.", color="green")
(times, base, label="Base position", linestyle="dotted")

(y=, color='black’, linestyle='-', linewidth=1)

("Time (s)")

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

0

Times, Thetas, Theta_dots:

Time: 0.8, Theta: 1.3089969389957472, Theta_dot: @

Time: ©.02, Theta: 1.3072902778384936, Theta_dot: -0.1704101265517804
Time: ©.04, Theta: 1.3021814007435826, Theta_dot: -0.34013464014618666
Time: ©.06, Theta: 1.2936857754580466, Theta_dot: -0.5089947512290494
Time: 0.08, Theta: 1.2818225309942766, Theta_dot: -0.6767999969005674
Time: ©.1, Theta: 1.2666147528201046, Theta_dot: -0.8433421894359115
Time: 0.12, Theta: 1.248089896385484, Theta_dot: -1.0083896752451158
Time: ©.14, Theta: 1.2262803119217116, Theta_dot: -1.1716819951779982
Time: ©.16, Theta: 1.2012238715145072, Theta_dot: -1.3329250499425866
Time: ©.18, Theta: 1.1729646872396928, Theta_dot: -1.4917868887759211
Time: 0.2, Theta: 1.1415539066416949, Theta_dot: —1.6478942540266877




— Theta (Positon) (15 radis)
Base position

\

o A

Times, Thetas, Theta_dots:
Time:
Time:
Time:
Time:
Time:

Time:
Time:
Time:
Time:
Time:

Time:

A
\v/ \/ VAVIAY

I
V

100
Time (5)

15 150

1] " Theta (Postion) (3.141592653569793 rads)

Time:
Time:
1\ Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:
Time:

35

Time (5)

et (o) (5 e

Timi

150

]
]
]
]
)
)
]
]
]
]
0

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

Times,

Theta:
Theta:

Theta

1, Thet

7,
14,
16,
18,

Theta:
Theta:
Theta:
Theta:

1.3089969389957472, Theta_dot:

1.3072902778384936,
1.3021812664183747,
1.2936848360777855,
1.2818192244317086,

1.2666062735038508, Theta_dot

1.2480718471714112,
1.2262463610752403,
1.2011654162684144,
1.1728705257039562,

Theta_dot:
Theta_do
Theta_do
Theta_dot:

—0.17041236650959404
—0.34015701537940124
—0.5090729603519342
—0.676987415067474
—0.8437096970212743
-1.0090254323740844
-1.172691149783671
—1.3344293647440055
-1.4939242709082905

2, Theta: 1.141409920180041, Theta_dot: -1.6508181702047318

Times, Thetas, Theta_dots:

0, Theta: 1.3089969389957472, Theta_dot: @

Theta:
Theta:
86, Theta:
08, Theta:
1, Theta:

12, Theta:
14, Theta:
16, Theta:
18, Theta:
2, Theta:

02,
04,

.0, Theta:
.02, Theta:
.04, Theta:
.06, Theta:
.08, Theta:
.1, Theta:
. Theta:
. Theta:
. Theta:
. Theta:
.2, Theta:

Thetas, Th
.0, Theta:
.02,
.04,
.06,

.88, Theta

.1, Theta:

.12,
.14,
.16,
.18,
.2, Theta:

Theta

Theta:
Theta:
Theta:

Theta:
Theta:
Theta:

1.3072902778384936, Theta_dot:

1.302180809609178, Theta_dot

1.2936816434120593, Theta_dot:

1.281807996459427, Theta_dot
1.2665775141334725, Theta_dot

1.248010717297877, Theta_dot

1.2261315706453515, Theta_dot

1.2009681641188628, Theta_dot:

1.1725534973661276, Theta_dot
1.1409263547450283, Theta_dot:

Times, Thetas, Theta_dots:
Time:

1.3089969389957472, Theta_dot: @
1.3072902778384936, Theta_dot
1.302180666935805, Theta_do
1.293680646877538, Theta_dot:
1.2818044950177299, Theta_dot
1.2665685561383178, Theta_do
1.2479917042784014, Theta_dot
1.226095929648023, Theta_dot:
1.2009070428204582, Theta_dot
1.1724554863283934, Theta_dot
1.1407772413389101, Theta_dot:

eta_dots:

1.3089969389957472, Theta_dot:
1.3072902778384936, Theta_dot
1.3021799030303398, Theta_dot:
1.2936753162090582, Theta_dot
1.2817857907393742, Theta_dot

1.2665207892742552, Theta_dot:
1.2478905445852106, Theta_dot
1.2259067973996203, Theta_dot
1.200583683140332, Theta_do
1.171938757202345, Theta_do

1.1399941456654321, Theta_do

-0.1704199853444666
—-0.34023307587589113
-0.509338555455543
—0.6776229994009494
—0.8449537929152777
-1.0111729229967676
-1.1760911244720949
—-1.339482475898873
-1.501079558441667
-1.6605693091992144

.17042236530131147
.34025682123745893
5094213886119051
.6778209452488744
.8453405510737928
.0118390408741966
.177142963944937
.3410409655348268
.5032787231724367
.663554570332596

(’)

-0.1704351113438819
—-0.34038387579579826
-0.5098639326031559
—0.6788762391436063

—-0.8473967877123153

-1.015368597414029
-1.1826940648509419

—-1.3492277762577494
-1.514769906091232
—1.6790603516629914




0

— Theta (Position) (10 rad/s)
Base position

Times, Thetas, Theta_dots:
ime: 0.0, Theta: 1.3089969389957472, Theta_dot: @

Theta:
Theta:
Theta:
Theta:

Theta

Theta:
Theta:

Theta

1.3072902778384936, Theta_dot
1.3021754193224626, Theta_dot
1.293644197973231, Theta_dot:

1.2662470228485196, Theta_dot

1.2816774686294692, Theta_dot:

1.2473181716486716,
1.2248529105555068,
1.1988135639906405,
1.1691667898556937,

Theta_dot

Theta_dot:

Theta_dot
Theta_dot

—0.17051003324622074
—0.3411267781543444
-0.5124288051748569
-0.6849170207828039
—-0.8589797838620625
-1.034861695069563
-1.2126370622896656
-1.3921889198280823
-1.5731943325177908

.2, Theta: 1.1358878120957674, Theta_dot: -1.7551165530285326

Angle (rad) and Angular velocity (radls)

Time (5)
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