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GlowScript 2.6 VPython1

## 2-Body Problem Version 3 Spring 2013 - Fall 2017 A. O. Hausknecht 2

## This is a port of a Visual Python program written for the CSUMS seminar. 3

## This version includes4

##   1. A menu to change the initial conditions,5

##   2. A Start-Pause button to start and pause the simulation,6

##   3. A Reset button to reset the simulation, 7

##   4. A Show-Hide dynamic velocity labels checkbox, 8

##   5. A brief statement of the model using laTeX.9

##   6. A plot of the speeds of the bodies.10

11

scene = canvas(title = '<b><big>Two-Body Problem Simulation</big></b><br>')12

scene.width=50013

scene.height=50014

scene.center=vector(0,0,4)15

scene.range = 15e1016

SymmetricMotion = 017

LoopLeftMotion = 118

NearCircularOrbit = 219

20

gCurrentMotion = 021

gVelocitiesVisible = True22

gAnimationRate= 4023

24

gStarted = False25

gPaused = True26

27

28

def setInitCondition(menu):29

    s = menu.selected30

    31

    if gStarted or gPaused:32

        reset()33

   34

   35

    36

    if s == 'v1(0) = -v2(0) ≠ 0; m1 = m2':37

        initialize(SymmetricMotion)38

    elif s == "v1(0) = 0, v2(0) ≠ 0; m1 = m2": 39

        initialize(LoopLeftMotion)40

    else: # s = "v1(0) = 0, v2(0) ≠ 0; m1 >> m2": 41

        initialize(NearCircularOrbit)42

  43

 44

def setInitCondition2(menu):45
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    s = menu.selected46

    if s == "Symetric":47

        initialize(SymmetricMotion)48

    elif s == "Loop": 49

        initialize(LoopLeftMotion)50

    else: # s = "v01 = 0, v02 ≠ 0; m1 >> m2": 51

        initialize(NearCircularOrbit)52

53

54

55

def setAnimationRate(menu):56

    global gAnimationRate57

    s = menu.selected58

    if s == "Show":59

        gAnimationRate = 1060

    elif s == "Medium":61

        gAnimationRate = 2062

    elif s == "Fast":63

        gAnimationRate = 4064

    else:65

        gAnimationRate = 8066

        67

    alert(gAnimationRate)68

        69

def reset():70

    global gCurrentMotion71

    global gPaused72

    global gStarted73

    gPaused = True74

    gStarted = False75

    scene.range = 15e1076

    startPauseButton.text = "Start"77

    startPauseButton.background = color.green78

    initialize(gCurrentMotion)79

    80

    81

82

def showHideVelocityLabels():83

    global gVelocitiesVisible84

    global gVelocity1Label85

    global gVelocity2Label86

    87

    gVelocitiesVisible = !gVelocitiesVisible88

    gVelocity1Label.visible = gVelocitiesVisible89

    gVelocity2Label.visible = gVelocitiesVisible90
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    91

def doStartPause():92

    global gStarted93

    global gPaused94

    if not gStarted:95

        gStarted = True96

        gPaused = False97

        startPauseButton.text = "Pause"98

        startPauseButton.background = color.red99

    elif not gPaused:100

         gPaused = True101

         startPauseButton.text = "Resume"102

         startPauseButton.background = color.cyan103

    else:104

         gPaused = False105

         startPauseButton.text = "Pause"106

         startPauseButton.background = color.red107

        108

        109

                    110

scene.append_to_title("<b>Initial Condtitons:<b>")111

menu(pos=scene.title_anchor, choices=['v1(0) = -v2(0) ≠ 0; m1 = m2',112

                                      "v1(0) = 0, v2(0) ≠ 0; m1 = m2", 113

                                      "v1(0) = 0, v2(0) ≠ 0; m1 >> m2"], 114

                                 selected = 'v1(0) = -v2(0) ≠ 0; m1 = m2', bind=setInitCondition )115

scene.append_to_title(" ")116

startPauseButton = button(pos=scene.title_anchor, bind=doStartPause, text="Start", background=color.green)117

scene.append_to_title(" ")118

resetButton = button(pos=scene.title_anchor, bind=reset, text="Reset", background=color.magenta)119

120

scene.append_to_title("\n&nbsp;<b>Show Velocites:<b>")121

labelsCheckbox = checkbox(pos=scene.title_anchor, bind=showHideVelocityLabels, text="",checked = True, background=color.white)122

123

scene.append_to_title("&nbsp;&nbsp;<b>Animation Rate</b> ")124

menu(pos=scene.title_anchor, choices=["Slow", "Medium", "Fast", "Very Fast"], selected = 'Medium', bind=setAnimationRate)125

126

127

 128

## Data Set129

b1Mass = 1.5e30   130

b1P0   = vector(      0, 4.5e10, 0)131

b1V0   = vector( 1.0e10,      0, 0) ##Change 1: 1.0e10*0132

b1Radius = 0.5e10133

b1Color = color.cyan134

##135
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b2Mass = 1.5e30  ##Change 2: 1.5e30/1e10136

b2P0 = vector(      0, -4.5e10, 0)137

b2V0 = vector(-1.0e10,       0, 0)138

b2Radius = 0.5e10139

b2Color = color.red140

#141

gT = 0; gDt = 0.1142

gMaxTime = 100 ## Time variables143

gGravity = 6.67e-11   ## Universal Constant of Gravitation144

145

## Graphics Varaibles146

gBody1 = undefined147

gBody2 = undefined148

gTheGraph = undefined; gCdotsV1 = undefined; gCdotsV2 = undefined149

gFinished = False150

gVelocity1Label = label(pos = b1P0*1.5, text = "v1 = <0, 0>", height = 14, 151

                        color = color.cyan, border = 8)                         152

gVelocity2Label = label(pos = b2P0*1.5, text = "v2 = <0, 0>", height = 14,153

                        color = color.red, border = 8)154

                        155

156

def displayVelocity(v1, p1, v2, p2):157

    global gVelocity1Label158

    global gVelocity2Label159

160

    vStr = " v1 = <{:5.3}, {:5.3}>".format(v1.x, v1.y)161

    gVelocity1Label.text = vStr162

    y1 =  p1.y*1.4; y2 = p2.y*1.4163

    if (gVelocity1Label.pos.y < y1):164

       gVelocity1Label.pos = vector(0, y1, 0)165

    elif (gVelocity1Label.pos.y < y2):166

       gVelocity1Label.pos = vector(0, y2, 0)167

    168

    vStr = " v2 = <{:5.3}, {:5.3}>".format(v2.x, v2.y)169

    gVelocity2Label.text = vStr170

    if (gVelocity2Label.pos.y > y1):171

        gVelocity2Label.pos = vector(0, y1, 0)172

    elif (gVelocity2Label.pos.y > y2):173

        gVelocity2Label.pos = vector(0, y2, 0)174

##displayOutputStr   175

176

def initialize(whichMotion):177

    global gCurrentMotion178

    global gBody1179

    global gBody2180



Page 5/7/Users/ahauskn…/…/…/…/…/…/…/…/GlowScriptApps/TwoBodyProblemSimulationV3GS.txt
Saved: 9/7/17, 11:30:58 PM Printed for: Adam O Hausknecht

    global gT181

    global gDt182

    global gTheGraph183

    global gCdotsV1184

    global gCdotsV2185

   186

    gCurrentMotion = whichMotion187

    gT = 0; gDt = 0.1  ## Time variables188

   189

    if gBody1 == undefined: ##vCreate body1190

       gBody1 = sphere( pos = vector(b1P0),  radius = 2*b1Radius, color = b1Color, 191

                make_trail = True, trail_type = "points", trail_radius=b1Radius*.25)192

       gBody1.m = b1Mass193

     194

    else: #Reset body1195

        gBody1.make_trail = False196

        gBody1.clear_trail()197

        gBody1.pos = vector(b1P0)198

        gBody1.make_trail = True199

200

    if whichMotion == SymmetricMotion:201

        gBody1.v = vector(b1V0)202

    elif whichMotion == LoopLeftMotion:203

        gBody1.v = vector(0.0, 0.0, 0.0)204

    elif whichMotion == NearCircularOrbit:205

        gBody1.v = vector(0.0, 0.0, 0.0)206

    gBody1.a = 0207

    208

    if gBody2 == undefined: #Create body2209

        gBody2 = sphere(pos = vector(b2P0), radius = 2*b2Radius, color = b2Color,210

                    make_trail = True, trail_type = "points",  trail_radius=b2Radius*.25)             211

    else: #Reset body2212

        gBody2.make_trail = False213

        gBody2.clear_trail()214

        gBody2.pos = vector(b2P0)215

        gBody2.make_trail = True216

    217

    if whichMotion == SymmetricMotion:218

        # 'v02 = -v01; m1 = m2'219

        gBody2.m = b1Mass220

        gBody2.v = vector(b2V0)221

    elif whichMotion == LoopLeftMotion:222

        # "v01 = 0, v02 ≠ 0; m1 = m2"223

        gBody2.m = b2Mass224

        gBody2.v = vector(b2V0)225
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    elif whichMotion == NearCircularOrbit:226

        # "v01 = 0, v02 ≠ 0; m1 >> m2"227

        gBody2.v = vector(b2V0)228

        gBody2.m = b2Mass/1e10229

    gBody2.a = 0230

 231

    if gTheGraph ==undefined:  ##Create plots of the bodies speeds232

        gTheGraph = graph( width = 500, height=200, xmin = 0, xmax = 100)233

        gCdotsV1 = gcurve(color = b1Color,  dot = True, dot_color=color.black)234

        gCdotsV1.plot([0,0])235

        gCdotsV2 = gcurve(color = b2Color,   dot = True, dot_color=color.black)236

        gCdotsV2.plot([0,0])237

    else: ##Clear the plots of the bodies speeds238

        gCdotsV1.data = [[0,0]]239

        gCdotsV2.data = [[0,0]]240

     241

242

243

##244

def update():245

    global gT246

    global gBody1247

    global gBody2248

    global gCdotsV1249

    global gCdotsV2250

    251

    gT += gDt ## Increment time252

    if gT > gMaxTime: 253

        return254

    255

    dirVector = gBody2.pos - gBody1.pos ## Direction Vector256

    distSqr = dirVector.mag2       ## Distance between bodies Squared257

    norm(dirVector)                ## Normalize the direction vector258

    259

    gBody1.a = gGravity*gBody2.m/distSqr*dirVector ## Acceleration of body1260

    gBody1.v = gBody1.v + gBody1.a*gDt    ## Approximate velocity of body1 261

                                          ##  via Euler's Method262

    gBody1.pos = gBody1.pos + gBody1.v*gDt    ## Approximate position of body1 263

                                              ## via Euler's Method264

    s1 = gBody1.v.mag## Speed of body1265

    if gT <= gMaxTime:266

        gCdotsV1.plot([gT, s1])267

268

    gBody2.a = -gGravity*gBody1.m/distSqr*dirVector ## Acceleration of body2269

    gBody2.v = gBody2.v + gBody2.a*gDt              ## Approximate velocity of body2 270
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                                           ## via Euler's Method271

    gBody2.pos = gBody2.pos + gBody2.v*gDt ## Approximate position of body2 272

                                           ## via Euler's Method273

    s2 = gBody2.v.mag                      ## Speed of body2274

    if gT <= gMaxTime:275

        gCdotsV2.plot([gT, s2])276

    277

    displayVelocity(gBody1.v, gBody1.pos, gBody2.v, gBody2.pos)278

    279

    280

##update281

282

     283

284

initialize(SymmetricMotion)285

286

##Create a statement of the model using LaTeX:287

teXStr = "The Two-Body Model:"288

teXStr += "<p>&nbsp;&nbsp;"289

teXStr += "\\(\\mathbf{d}=\\mathbf{p_{2}}-\\mathbf{p_{1}},\\)&nbsp;&nbsp;"290

teXStr += "\\(\\mathbf{a_{1}}=\\frac{G m_{2}}{||\\mathbf{d}||^{3}}\\mathbf{d},"291

teXStr += "&nbsp;&nbsp;\\mathbf{a}_{2}=-\\frac{G m_{1}}{||\\mathbf{d}||^{3}}"292

teXStr += "\\mathbf{d}; \\)</p>"293

teXStr += "<p>&nbsp;&nbsp;\\(\\mathbf{v_{i_{new}}}\\approxeq"294

teXStr += "\\mathbf{v_{i_{old}}}+\\mathbf{a_{i}}dt\\)"295

teXStr += " &nbsp;&nbsp; and &nbsp;&nbsp;";296

teXStr += "\\(\\mathbf{p_{i_{new}}}\\approxeq"297

teXStr += "\\mathbf{p_{i_{old}}}+\\mathbf{v_{i_{new}}}dt\\)" 298

teXStr += "&nbsp;&nbsp; for \\(i = 1,2\\)</p>"299

scene.caption = teXStr300

301

MathJax.Hub.Queue(["Typeset",MathJax.Hub])302

303

#An imation loop304

while True:305

    rate(gAnimationRate, wait)306

    if gStarted and not gPaused:307

        update()    308

309

310

311


