2) Mass onincline :

nee- Clear["Global™ ']

Part a)

W eqs = {ml gSin[8] - t1 - unormal == mlal,

normal == ml g Cos[6],
m2g - t2 == m2 a2,

1 2a3
rtl -rt2 == —m3r° —,
2 r
al == -a2,
a3==a1}

outlg7)= {— tl-normal u+gml Sin[f] == al ml, normal == gml Cos|[6],
a3m3r
gm2-t2==a2m2, rtl-rt2== ——— al == —a2, a3 == al}
2
mes- Solveleqs, {tl, t2, normal, al, a2, a3}] // Simplify
gml(-2m2+(2m2+m3)uCos[B]-(2m2+m3) Sin[6])
Out[88]= {{tl -> - ,
2ml+2m2+m3
gm2 (-2ml-m3+2mlucCos[f]-2mlSin[g])

t2 - - ,
2ml+2m2+m3
2 g(m2 +ml u Cos[6] - ml Sin[0])
normal -» gml Cos[6], al -» - s
2ml+2m2+m3
2 g (m2 +ml u Cos[6] - m1 Sin[O]) 2 g(m2 +mlu Cos[f] - ml Sin[0])
a2 - , a3 - - }}

2ml+2m2+m3 2ml+2m2+m3



2 | examl1_v01.nb

Part b)

ngo- eqs2 =eqs /. {al >0, a2 » 0, a3 » 0}
oueg- {-~tl-normal u+gml Sin[f] == 0, normal == gml Cos[f], gm2-t2==0, rtl-rt2=

nooi- eqs2 Il TableForm

Out[90)/TableForm=
-tl-normal u+gml Sin[6] ==
normal == g ml Cos[6]
gm2 - t2 ==
rtl-rt2 ==
True
True

neei- sol = Solvel[eqs2, {tl, t2, normal, u}][[1]] / Simplify

m2 Sec[0]
out[96)= {tl ->gm2, t2 » gm2, normal » gml Cos[f], u » - —— + Tan[e]}
ml
ne7i- sol /I FullSimplify
m2 Sec[f]
out[97)= {tl > gm2, t2 » gm2, normal » gml Cos[f], U > - ————— +Tan[9]}
ml

nioi= u /. sol // Together [/ TrigExpand

m2 Sec|0]
oufiot): = —— + Tan[6]
ml
ml Sin[6] - m2
gy —————————— [/ FUllSimplify
ml Cos[6]
m2 Sec|0]
ouios: - ————— + Tan[6]
ml

3) Falling: linear resistance

m-1- Clear["Global’ *"]

a) Vertical falling:

m-1-eql=mv'[t] ==mg - bv[t] - cv[t]*2 /. {c > 0}

ou - - mV'[t] == g m-b v[t]

mn - - bc = v[0] == vO

our - - V[O] == vO

0, True, True}
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-eq2 = eql /.{v'[t] » O}
- 0==gm-b v[t]

- solT = Solvel[eq2, V[t]I[[1]]

{v[t] > %}

-

- vTer = v[t] /. solT
gm
L=
b
/- vSol = Solve[vT == vTer, b][[1]]
gm
J= {b - _}
vT

b) Vertical falling:

/- eqs = Join[{eql, bc}]
- {mv'[t] == gm-b v[t], v[0] == vO}

;- dsoll = DSolve[ eqs , Vv[t], tl[[1]] // ExpandAll // Simplify

e_bT(((—l+eth)gm+bV0)

b

. {v[t] N

= Limit[v[t] /. dsoll, t » Infinity, GenerateConditions - False]

gm
L=
b

- dsol2 = dsoll /. vSol // Simplify

gt gt

vt e (vo s (1407 V1)

= V[t] /.dsol2 /.t >0

- vO

j= Limit[v[t] /. dsol2, t » Infinity, GenerateConditions - False]

= VT

- (* Set vO = to a ratio "r" of vTerminal:

values ={g - vT, vO » r vT, vT - 1};

- velocity[t_, r_]=v[t] /. dsol2 //. values

et (-1+e"+r)

*)
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- = PLot[{

velocity[t, 0],

velocity[t, 0.5],

velocity[t, 2]},
{t, 0, 5},
PlotStyle - {Red, Green, Blue},
PlotLegends - {"r=0", "r=1/2", "r=2"},
PlotRange - All

— r=0

ouf - - 1.0 [ — — r=1/2

/ —r=2
0.5 L

a) Vertical falling: quadratic resistance

m-1-eq4=mv'[t] ==mg - bv[t] - cVv[t]*2 /. {b > 0}

Outf - ]= M

V' [t] == gm-c v[t]?

n--eq5 = eqd4 /. {v'[t] » O}

ou - - O

== gm-c v[t]

m- - solTc = Solve[eq5, V[tII[[1]]

ouff « J= {V[t] - -

i i
\/Z

4) Line Integral:

m - 1- Clear["Global’ *"]
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Part a

- - Integrate[2 x, {x, 1, 0}] + Integrate[3y, {y, 0, 1}]
1

Out[ = ]= —

Part b

m- - Integrate[2 x, {X, 1, 0}] + Integrate[3y, {y, 0, 1}]

Out[ » ]= —

mo-rules ={fx > 2x -y, fys>x+ 3y, x> (1-t?%, y » t°, dx > (-2)(1-t)dt, dy » 3 t>dt}

o - {fx > 2x-y, fy > x+3y, x> (1-1)°, y-> t*, dx » -2dt (1-t), dy » 3dt t?}

m- - integrand = fxdx + fydy //. rules
o =2dt(1-1)(2(1-t)° -t} +3dtt?((1-t)>+3 %)
integrand

n - - integrand2 = ——— J/ Expand
dt

o - —4+12t-9t*+t*+9t°

m- - Integrate[integrand2 , {t, 0, 1}]
7

Outl » = ——

10

npo4- =4+12/2=-9/3+1/5+9/6
7

Out[104]= —

10

5) Planet Hollywood

m - 1- Clear["Global’ *"]

n- - values = {m-> 7.35 « 10?*, r » 1.74 - 10°, big6 -> 6.67 ~ 107!}

ouf- - {m = 7.35x10%%, r » 1.74 x 10°, bigG » 6.67 x 107**}
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Part a)

bigG mm1
Inf[« Ji= eql =ml g=s= —
r.2
bigG mml

ouf - - gmL == ————

r.Z

m- - solG = Solveleql, g][[1]]

s {g . b'iiG m}

g /. solG /. values

ouf- - 1.61925

g
— /. solG /. values
9.8

outf « ]= 0.16523

Part b)

- bigGmml
= U = =
r

u/.values /. {ml > 1}

our- - —2.8175 x 10°

Part ¢)

1
m--egq3 = u + ke == 0 /.{ke—» —m1v2}
2

bigGmml mlv?

outf » ]= = +

r 2

"
"
(o]

m- - solV = Solvel[eq3, VI[[2]]
V2 +bige /m }
W

n- - vEscape = v [.solV /. values

outf « J= {V -

ouy - - 2373.82

"Meters" "Miles"

- - UnitConvert [Quant‘i ty [vEscape , ]

b
"Seconds" "Seconds "

outf « J= 1.47502 mi/s



"Meters"

"Kilometers "

m - - UnitConvert [Quant'i ty [vEscape s

ouf - - 2.37382 km/s

Part d)

bigG mml v?

oo - eqd = —————— == ml —

Outf « ]= ==

r? r
2nr
n- - eq5 = v ==
period
2mr
outf ~ ]= V ==
period

b
"Seconds"

"Seconds "

n - - UnitConvert [Quantity[24, "Hours'"], "Seconds'"]

ou- - 86400 s

m- - ruleP = {period - 86400}
our - - {period -» 86400}

m- - SOLR = Solve[{eq4, eq5}, {r, V}II2]]
bigG® m'/3 period?/®

b_igG 1/3 ml/3 (2 n.)l/3

outf « J= {r—) y Vo
(2 m)2P? period

m-1-r®@=r /. solR /. values /. ruleP

our- - 9.7505 x 10°

Part EXTRA) Use mass of earth

1/3

mop-rl=r [.solR /.{m> 6+10°"} /. values /. ruleP

ouf- - 4.22975 x 107

m- - UnitConvert [Quantity[rl, "Meters"], "Miles"]

outf « J= 26282.5 mi
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