Problem 1

ns1- Clear["Global™ ="]

Vertical falling:

ns2- eql = mv'[t] ==mg - bv[t] - cv[t]*2

ou- MVt] == g m-b v[t] - c v[t]®

nsa-  be = v[0] == vO

oufssl-  V[O] == vO

nsa- eq2 = eql /. {v'[t] » O}

ouse- @ == g m-b v[t] - c v[t]?

nss- eq2b = eq2 /. {c » 0}
ouss- - @ == gm - b v[t]

nse- eq2¢c = eq2 /. {b > 0}

ousel- @ == gm-cC V['C]2
ns7- bSol = Solvel[eq2b, v[t]I[[1]]

Out[57]= {V[‘t] - ?}

nss- €S0l = Solvel[eq2c, Vv[t]I[[2]]
e o
\e

- values ={b- gD, ¢ » yD?>, B> 1.6107", y » 0.25};

Out[58]= {V [t] »

neo)- vb = v[t] /. bSol /. values /.{g > 10, m-> 160 , D » 1}
ouso- 6.25 x 10°

nei)- ve = v[t] /. cSol /. values /.{g > 10, m-> 100 , D> 1}
ousil- 63.2456
nez- Needs["Units™ "]

nes- Convert[vb Meter / Second, Mile /Hour]

1.39809 x 107 Mile

Out[63]=
Hour



2 | hw2_sol.nb

nes- Convert[vc Meter / Second , Mile /Hour]

141.476 Mile
outgdl ——————————
Hour

Problem 2

Horizontal

nizzr-  Clear["Global™ *"]
nizs-  (* To start, we'll zero gravity )
eql=mv'[t] == mg - bVv[t] - cVv[t]*2 /. {g > 0}

ouwiza- M Vt] == -b v[t] - ¢ V[t]?

niz24- bc = v[@] == vO (* Boundary Conditions %)

oufiz4-  V[O] == vO

nizs- dsoll = DSolve[{eql, bc} , v[t], tI[[1]] / FullSimplify

Solve : Inverse functions are being used by Solve , so some solutions may not be found ; use Reduce for

complete solution information .

b vo

out[125]= {V[t] -

bt

-cvO+en (b+cv0)

nize)- (*# Look at ONLY LINEAR term x)
dsol2 = DSolve[{eql, bc} /. {c » 0}, v[t], tI[[1]]

bt

out{126]= {V[t] >e n VO}

niz7-  (* Look at ONLY QUADRATIC term x)
dsol3 = DSolve[{eql, bc} /. {b » 0}, v[t], tI[[1]]
mvo
out[127]= {V[t] - }
m+ctvo
nizs- V[E] /. dsoll
b voe

Out[128]=

bt
-cvO+en (b+cv0)

npzop= V[t] /. dsol2

bt

oufizel- @ n VO



In[130]:=

Out{130}=

In[181]:=

out[132)=

In[133]:=

Out[133]=

In[134]:=

Out[134]=

In[185]:=

Out[135}=

v[t] /. dsol3

mvo

m+ctvo

(* Pick some values %)

values ={v0 » 1, m-> 1};

v[t] /. dsoll /. values
b

-—c+(b+c)e”t

tmpl = v[t] /. {dsoll, dsol2, dsol3} /. values
b 1

-b
{ et )
l+ct

-—c+(b+c)e”t

Plot[tmpl /.{b > 1, c - 1} // Evaluate, {t, 0, 10},
PlotStyle - {Red, Green, Blue},

PlotLegends - LineLegend [{Red, Green, Blue}, {"Gen", "c=0", "b=0"}]]

06f

05F

04r — Gen
03f c=0
i — b=0

02f

01 F

fun[b_, c_] = v[t] /. {dsoll, dsol2, dsol3} /. values

b 1
bt
—c+(b+c)et l+ct
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nizel- 2 Manipulate

Symbol

Manipulate [expr, {u, Umin, Umax}] Q€NErates a version of expr
with controls added to allow interactive manipulation of the value of u.
Manipulate [expr, {u, Umin, Umax, du}] allows the value of u
to vary between u,,;; and u;,, in steps du.
w1361 Manipulate [expr, {{u, Winit}, Umin» Umayx ---}] takes the initial value of u to be u;y;.
Manipulate [expr, {{u, winir, Ui}, -..}] labels the controls for u with wuy,.
Manipulate [expr, {u, {u;, uy, ...}}] allows u to take on discrete values uy, uy, ....
Manipulate [expr, {u, ...}, {v, ...}, ...] provides controls to manipulate each of the u, v, ....
Manipulate [expr, ¢, » {u, ...}, ¢, » {v, ...}, ...]1 links

the controls to the specified controllers on an external device.

nis7:=  Manipulate [
Plot[fun[b, c] // Evaluate, {t, 0, 10},
PlotStyle - {{Thickness[0.015], Red}, Green, Blue},
PlotLabel - {"b=", b, " c= ", c},
PlotLegends - LineLegend[{Red, Green, Blue}, {"Both", "Linear", "Quadratic"}],
PlotRange - {Automatic, {0, 1}}

1
, {{p, 1, "Linear"}, 0.1, 2, 0.1}, {{c, 1, "Quadratic"}, 0.1, 2, 0.1}]

Linear

cCIC)

Quadratic

{b=,1, c=,1}
1.0 -
08

Out[137]= L
06 - —_— BOth

I Linear
04 —— Quadratic
0.2 -
| | | |
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Vertical
Now add gravity

nize-  Clear["Global' ="]

nise=  (* To start, we'll zero gravity )
eql=mv'[t] == mg - bv[t] - cVv[t]*2

ouise- MV [t] == g m-b v[t] - c v[t]®

niap-  bc = v[@] == vO (» Boundary Conditions x)

oufis0)=  V[Q] == vO

niai- dsoll = DSolve[{eql, bc} , v[t], tl[[1]] / FullSimplify

- Solve : Inverse functions are being used by Solve, so some solutions may not be found ; use Reduce for

complete solution information .

b+ mTan[ i 4Cgmt—ArcTan[—Jt::7w]]
-b*-4cgm

Out[141]= {V[‘t] - - }
2c

nis21- (# Look at ONLY LINEAR term %)
dsol2 = DSolve[{eql, bc} /. {c » O}, Vv[t], tI[[1]] // FullSimplify

bt

gm+e n (-gm+bvo)
. }

out[142]= {V[‘t] -

mias- (+ Look at ONLY QUADRATIC term %)
dsol3 = DSolve[{eql, bc} /. {b » 0}, v[t], tI[[1]] // FullSimplify

- Solve : Inverse functions are being used by Solve, so some solutions may not be found ; use Reduce for
complete solution information .

\/7 '\/H Tanh[ Ve ( +ArcTanh[ Ve vo ]]
out[143]= {V[t] - }

\/Z

niaa- V[t] /. dsoll

b b7 acgm Tan[ TS - prcran] 2]
-b*-4cgm

2cC

Oout[144]= =

niasi-  V[E] 1. dsol2

bt

gm+e » (-gm+bvo)
b

Out[145}=
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niae-  V[E] 1. dsol3

«/E \/H Tanh[—\/?\/%/Et +ArcTanh[—J§l’%”

Ve

nta7=  (# Pick some values =)

Out[146]=

values ={m-> 1, g > 1};

nias- V[t] /. dsoll /. values

b+ -b*>-4c Tan[% V-b2-4c t—ArcTan[ be2 e v ”

/-b%-4 ¢

Out[148]= -

2cC

nis9=  tmpl = v[t] /. {dsoll, dsol2, dsol3} /. values

b+ A-b?-4c Tan[% m t—ArcTan[—b+2cvo ]]

/-b%-4 c
Out[149]= {— J
2c

1+ePt(-1+bvo) Tanh[\/z t+ArcTanh[\/Z VO”

)
b \/Z
nisor-  Plot[tmpl /. {v@ » 0}/.{b> 1, c > 1} // Evaluate, {t, 0, 10},
PlotStyle - {Red, Green, Blue},
PlotLegends - LineLegend[{Red, Green, Blue}, {"Gen", "c=0", "b=0"}]]

1.0 -

0.8 -
06| — Gen
Out[150]= F c=0
04 — b=0
L
0.2}

S Y S S S S S S
2 4 6 8 10

nisi-  fun[b_, c_, vO_] = v[t] /. {dsoll, dsol2, dsol3} /. values

b+ -b*>-4c Tan[% \-b%-4c t—Ar(:Tan[—b+2CVO ]]

A/-b%-4 ¢
out[151]= {— )
2c

1+ePt(-1+bvo) Tanh[\/z t+ArcTanh[\/z VO”

b ’ NS }




In[152]:=

Out[152]=

? Manipulate

Symbol

Manipulate [expr, {u, Umin, Umax}] Q€NErates a version of expr

with controls added to allow interactive manipulation of the value of u.
Manipulate [expr, {u, Umin, Umax, du}] allows the value of u

to vary between u,,;; and u;,, in steps du.
Manipulate [expr, {{u, Winit}, Umin» Umayx ---}] takes the initial value of u to be u;y;.
Manipulate [expr, {{u, winir, Ui}, -..}] labels the controls for u with wuy,.
Manipulate [expr, {u, {u;, uy, ...}}] allows u to take on discrete values uy, uy, ....
Manipulate [expr, {u, ...}, {v, ...}, ...] provides controls to manipulate each of the u, v, ....
Manipulate [expr, ¢, » {u, ...}, ¢, » {v, ...}, ...]1 links

the controls to the specified controllers on an external device.

hw2_sol.nb
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niss=  Manipulate [

Plot[fun[b, c, vO] // Evaluate, {t, 0, 10},
PlotStyle - {{Thickness[0.015], Red}, Green, Blue},
PlotLabel - {"b=", b, " c=", c},
PlotLegends - LinelLegend [{Red, Green, Blue}, {"Both", "Linear", "Quadratic"}],
PlotRange - {Automatic, {0, 2}}

1, {b, 1, "Linear"}, 0.1, 2, 0.1},

{{c, 1, "Quadratic"}, 0.1, 2, 0.1},

{{vo, 0}, 0, 2, 0.2}

Linear

cJCcJ

Quadratic

vo CD

{b=,1, c=,1}

20

Out[153]=

—— Both

Linear

—— Quadratic

Problem 3

ne7- Clear["Global’ *"]

Part 1:
nes- €ql = {m a == mgSin[] - pnormal, normal == mg Cos[f]};
neel-  eql

oupeel- {@am==-normal y+gmSin[6], normal == gm Cos[6]}



In[100]:=

out[100}=

In[101]:=

out[101}=

In[102]:=

out[102)=

In[108]:=

out[103}=

In[104]:=

Out[104]=

In[106]:=

Out[106]=

In[107]:=

out[107]=

sol = Solve[eql, {a, normal}][[1]]

{a» -guCos[6]+gSin[6], normal » gm Cos[6]}

sol /.{8- m/2}

{a-> g, normal -» 0}

work = pnormald /. sol

d gmy Cos[0]
vSol = Solve[2ad == v?, v]i[2]]

{v> 2 +a V/d}

kinetic = (1/2)mv? /. vSol /. sol // Expand

-dgmyCos[8]+d gmSin[6]

Part 2:

eq = energy == mgh - pnormald /.{h » dSin[6]} /. sol

energy == -d gmpy Cos[6]+d gmSin[6]
1

eq=eq /. {energy -5 - mvz}
2

m v?

== -d gmpy Cos[f]+d gm Sin[f]

Solve[eq, V]

{{v»—\/; \/—dguCos[9]+ng'in[9]}, {v—> \/E \/—dguCos[9]+ng'in[0]}}

Problem 5

In[108]:=

In[109]:=

out[109}= {Mercury , | Venus |, | Earth |, | Mars |, | Jupiter |, | Saturn |, | Uranus |, | Neptune }

In[110]:=

Out[110]=

In[111]:=

out[111]=

Clear["Global" x"]

PlanetData(]

mass = PlanetData["Earth", "Mass'"]

5.97 x 10** kg

rTmp = PlanetData["Earth", "Radius"]

3958.761 mi
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niiz:=  radius = UnitConvert [rTmp, "SI"]

oufitz=  6371.009 km

niis=  radius = UnitConvert [radius, "Meter"]

ouftize 6.371009 x 10°m

niiz- momInertia = (2/5)mass radius?

ourtig= 9.70 x 10°%7 kg m?

niis-  day = UnitConvert [Quantity[l, "Days"], "Seconds"] // N

oufiis 86400, s

niie- omega = 2 7t / day

ourtie=  0.0000727221 per second

nti7-  angMom = momInertia omega

outi7= 7.05142 x 1023 kg m?s

niie- angAcc = omega / day

ouie-  8.4169 x 107*° per second?

niio)- torque = momInertia angAcc

outig-  8.16137 x 1028 kg m7s?

nizo- force = torque /radius

oufizo)-  1.28102 x 1022 kg m/s?

nizi-  UnitConvert [force, "Newton'"]

oupiz= 1.28102 x 1022 N
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