05 Drag_Force.nb

m Mathematica for Physics - Chapter 2,Section 1,Problem 3:
Projectile with Air Resistance (Fdrag = -bv)

(Local) In[41]:=
Clear["dobal "*"];

= Solve the equations of motion for the projectile.

(Local) In[42]:=
eqgm= {mv' [t] & -mg -bv[t], y'[t] & V[t]};

(Local) In[43]:=
init ={y[0] &yo0, y' [0] &av0};

(Local) In[44]:=
dsol = DSol ve[Joinf[eqm init], {v, y}, t1//Flatten//Sinplify;
{v[t], y[t1} /. dsol

(Local) Out[45]=

(‘*W (—gn?+,,%é¥*gn?—b,,“wgmt ~bmvo+b,, % mvo +b? Wyo))}

m Find the terminal velocity for the projectile.
(Local) In[46]:=

vterm=v([t] /. dsol /. {t £l argem/b} // ExpandAl |
(Local) Out[46]=

W +  Haree 0
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(Local) In[47]:=
vterm= Linmt [vterm largeZ£Infinity]

(Local) Out[47]=

m Takethelimit asb -> 0 (no air resistance).

(Local) In[48]:=
{ynar [t], vnar[t]}=Limt[{y[t], Vv[t]} /. dsol, b A£O0]

(Local) Out[48]=

W+t vO+y0, -gt +vO}

m Plot the particle s position at equal intervalsof timefor b= 0and b =0.

(Local) In[49]:=
val1={g£9.8 m->1, yO£0, vO £0};

(Local) In[50]:=
coordl[b_1={t, y[t]} /. dsol /. vall//Sinplify

(Local) Out[50]=

(Local) In[51]:=
coordl[0] ={t, ynar[t]} /. vall

(Local) Out[51]=
{t, -4.9t2%)

(Local) In[52]:=
Cl ear [pl ot 17;
plotl[b_]:=ParametricPl ot [Eval uate[coordl[b], {t, O, 10}11;
pl otarrayl =Tabl e[plot1[b], {b, O, 1, 1/2}7;
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(Local) In[54]:=
Show[pl ot array1,
G aphi cs[{Text ["b=0", {5, -200}]1, Text ["b=1/2", {8, -150}], Text ["b=1", {9, -50}1}1,
Franme £ True, FraneLabel £ {"t", "y", "Effect of Air Resistance", ""}];
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m Plot the speed for finiteand zero air resistance. Show the terminal velocity.

(Local) In[55]:=
coord2[b_1={t, v[t]} /. dsol /. val 1 // ExpandAl |
coord2[0] = {t, vnar [t]} /. val 1;

(Local) Out[55]=

(Local) In[57]:=
coord3[b_1={t, vterm} /. dsol /. val 1 // ExpandAl |
coord3[0] = {t, 0};

(Local) Out[57]=
[t )

(Local) In[59]:=
Cl ear [pl ot 27;
plot2[b_] :=ParanetricPl ot [Eval uate[{coord2[b], coord3[b]}], {t, 0, 10}]
pl otarray2 =Tabl e[pl ot2[b], {b, O, 1, 1/2}];
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(Local) In[62]:=
Show[pl ot array2,
G aphi cs[{Text ["b=0", {3.5, -25}], Text ["b=1/2", {7, -17}], Text ["b=1", {8, -7}1}1,
Pl ot Range £ {0, -30}, Frane £ True, Rot at elLabel £ Fal se,

FrameLabel £ {"t", "v", "Effect of Air Resistance", ""}1I;
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