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ERG2011A Tutorial 6 (Supp.)
Mathematica Output on Ploting Differential Equations

Prepared by Adrian.
Direction Field

Frame - True, HeadlLengt h - 0. 01, Pl ot Poi nts - 25,

AxesLabel - {"t", "rabbit"}, Axes - True, | nageSi ze - 500, Scal eFactor - 1]

rabbit

Pl ot VectorFi el d[{1, rabbit -100}, {t, O, 5}, {rabbit, 0, 200},
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Qut [ 19]

DSol ve[rabbit’ [t] ==rabbit[t] -100, rabbit[t], t]

In[3]:

{{rabbit [t] > 100 +e' C[1]}}

Qut[3] =

]=rabbit[t] /. First [First[%]

rabbit [t_

In[4]:

Qut[4]= 100 +e' C[1]
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functions =rabbit [t] /. C[1] » Range[-50, 50, 10]

In[20]:

| i nes = Pl ot [Eval uate[functions], {t, 0, 5}, Pl otRange » {0, 200},
Aspect Rati o -1/ CGol denRati o, Axes -» True, | mageSi ze - 500]

{100-50¢', 100-40¢', 100-30e', 100-20e', 100 -10 ¢!,

Qut [ 20]

100, 100 +10e', 100 +20e', 100 +30e', 100 +40e', 100 +50 '}

200 ¢
175+
150
125 ¢
100
75 ¢
50
25+

- Graphics -

Qut [ 21]

Showll i nes, field]

In[22]:

- Graphics -

Qut[22] =

Orthogonal Trajectories

Finding the constant c in terms of a particular point (x0,y0), and substitute back to the equation:
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In[8]:= egnl=y ==c E" (x"2)
particul arpoi nt = Sol ve[egnl, c] /. {x »Xx0, y »>y0}

ut[8]= y =c e

ait[9]1= {{c S e x0? yo}}

In[10]:= eqn2 = First [eqnl /. particul arpoint]
Qut[10]= y = &> y0

Then, differentiate the whole equation and define m1=y’ [x0], which is the slope at (x0,y0).
Afterwards, replace (x0,y0) with (x,y) to get the general solution of the derivative.

In[11]:= del =D[egn2 /. y >y [X], X] /. x> X0
ml = Last [del] /. {xO0->X, yO-y}

Qut[11]= y’[x0] ==2x0yO0

Qut[12]= 2xy

For the orthogonal tragjectories, we find their slope m2 at point (X,y) by using the slope of the previous equation, m1

Inf13]:= m2=-1/ml /. y»Yy[X]

1

O,It[lg]: *mm

Because m2 isthe slope, we define y’ [x]=m2 and solve for y[X].

In[14]:= trajsol =DSolvel[y’ [X] =n2, y[x], X]

Qut[14]= {{y[x] »-+/2C[1] -Log[x] }, {y[x] »+/2C[1] -Log[x] }}
In[15]:= trajs =y”~2 == Last [Last [Last [trajsol ]]1]1"2
Qut[15]= y? =2C[1] - Log[X]

Now we get the equation in implicit form. So we plot it using ImplicitPlot.

In[31]:= << Gaphics'InplicitPlot"
ImplicitPlot[
{trajs /. C[1]»1, trajs /. C[1l] »2, trajs /. C[1] >3, egqnl /. c>-1/5, eqnl /. c »1/5},
{x, 0.01, 103}, {y, -5, 5}, I mageSi ze » 500, AspectRati 0o- 1/ Col denRati 0]

Qut[32]= -G aphics -



