Problem 1:

n[-J= Clear["Global "

(2 +31)

In[-]:= (6 +7 I)

@+51)

124 17314

+

41 41

Out[-]=

In[.}:= Exp[4 ni3 I] I ExpToTrig

1 i3
out[-]= —— -
2 2

In[.}:= Exp[4 rrl3] I ExpToTrig

4 4
outf-J= Cosh[— ] +Si nh[—]
3 3

Problem 2:

n[-J= Clear["Global "

4 3
n}= vol==r?;
3

D[vol, r]

out[-]= 4t r2
2

ni - Integrate[4mr?, r|

457r3

Out[-]=
3

nl- vol = ar3%;
D[vol, r]

oul]- 36ar3°

n)- Integrate[b ra2-1, r]
b r42
Out[-]=
42

Problem 3: f[x_]=..

n[-J= Clear["Global "

for x=[0,2 ;T]NEW
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Part a)

In[-]:=

In[-]:=

Out[-]=

Clearif];

fix_1:=0 /5 0< x <= N[Pi/2];
fix_1:=11/; N[Pi/2] < X <= N[P1il;
fIx_1:=0 /5 N[Pi] < x <= N[3 Pi/2];
fixJ:=1/; N[3 Pi/2] < X <= N[2Pi];

Plot[f[x],{x,0,2 Pi}]

1.0

08F

06

04r

02

Compute the Fourier coefficients

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

a[n_] = : (Integrate| Cos[nx], {x, /2, m|+Integrate[Cos[n x|, {x, 37/2, 2 n}|) # Simplify
JT

3nrm
2

—Sin[n—;]+$1'n[n n- Sin| ]+sin[2n ]

nr

Table[a[i], {i, 1, 10, 1}]
0, 0,0,0,0,0,0,0,0, 0

Limit[a[il, i -» 0]

1

Check

1
— (Integrate[1, {x, n/2, m]+Integrate[1, {x, 37/2, 2n}|)
JT

1

bin_] = : (Integrate[S'in[n x], x, 0, n/2)]+ Integrate[ S'in[n x], {x, m, 3 nlz}]) I Simplify
It

4 (1 + Cos[n—zn] + Cos[n n]) S n[%r 2

nir



In[-]:=

Out[-]=

In[-]:=

Out[-]=
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bin_] = : (Integrate[Sin[nx], {x, n/2, m|+Integrate[Sin[nx|, {x, 3712, 2x}])
It

FullSimplify[, ne Integers] &

“1-(-1)" s Cos[n—;] + Cos[3 n"]

2

nr

Table[bril, {i, 1, 10, 1}]
2 2 2
{02 T G); 0? G: T G); 0? G) ‘_}

us 3 5n

Compute the Fourier coefficients

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

out[-]=

In[-]:=

(* Note the 1integration limits )
(* Note, my function here is just "x" You will need to change in other problems. %)
(+ Note, we often need to do the zero term separately %)

c[0]= 1/(2 Pi) Integrate[ 1 ,{x, m2,m+ Integratel 1 ,{x, 372,27} )
1

2
c[m_]= 1/(2 Pi)( Integrate[ 1 Exp[- I m x] ,{x, nm2,m)] + Integrate[ 1 Exp[- I m X] ,{Xx, 3m2,2m)]

2 e'Tst fm Cos[m—;] S n[an

mir

Integrate[ 1 Exp[— Im x], x]

- —imXx
Ire

m
Integrate[1Sin[mx], x|
Cos|[m x|

m

Integrate[ 18i n[ m x], X, ml2, rr}] + Integrate[ 184 n[ m x], {x, 3m12,2 rr}] I FullSimplify

3mm
2

Cos[m—;]—Cos[m n + Cos| |- Cos[2m ]

m

Table[c[i], {i, 0, 6}]// Simplify
1 i i

{_: 0>_a Q: 07 Oy_}

2 T 37

term[0]= c[0];
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n[-]= term[m_]= c[m] EXp[I m x] + c[-m] Exp[-I m x] /#FullSimplify
5 . mrr . 3mmr
T—x)](—51n[7]+51n[ ) ])

mrr

2 Cos[m

Outf-]=

in[-}= series[n_]:= Sum[ term[m] ,{m,0,n}]
In[-]:=

series[2]
2 Cos[2 (5—4" - x)]

out[-]= — —=
2 b

Plot the series with different numbers of terms

nl-J= Plot[ Join[{f[x]},Table[series[i],{i,2,10,1}]] /Evaluate
5{X,0,2 Pi},PlotStyle->colors]

Outf-]=

nl-J= Plot[ {f[x], series[100] } /Evaluate ,{x,0,2 Pi}]
1.0; M

0.6
Outf-]=
04}

0.2}




Make a "frequency domain" plot of the coefficients
] coeffs = Table[{Re[c[i]], Im[c[il}}, {i, ©, 10}] # Flatten

1 1 1 1
outl-J= {;; 0, 0,0, 0’ _,O’ 0, 0’ 0, 0, 0, 0, > 0, 0’ 0,0,0,0, 0’ _}
T

n[-J= BarChart[coeffs, ChartStyle - {Red, Blue}, ChartLabels » {""Re", "Im"}

0.4

0.3

Out[-]=

0.2

0.1

0.0

0.5

3

Re-write the Exp series as a Trig series

n[-]= term2[0] = term[0] VIExpToTrig /#Simplify

1
out[-]= —
2

n[-]= term2[m_]J= term[m] /ExpToTrig /Simplify

2 Cos[m

Out[-]=

e —x)] (—S'in[m—;]+5'in[

3mm
4

)

mrr

5mr

in[-J= tmp= term[m] /ExpToTrig # FullSimplify[#, Element[m, Integers]] &

2 Cos[‘r’%rr -m x] (—S'in[m—;] +Si n[

3mm
4

)

Out[-]=

n[-]= series2[n_]:= Sum[ term2[m] ,{m,0,n)]

mr

n[-]= series[5]

out[-]= — -

2

2 Cos|2 (5—4" . x)]

T
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n[-]= series[10] NExpToTrig /TrigReduce

15 7-60 Si n[z x] -20 51‘n[6 x] -12 51 n[lo x]
Out[-]=

30

n[-]= series2[10] / TrigReduce

15 7- 60 Si n[z x] -20 S'in[6 x] - 1254 n[10 x]

outl-]=
30t

2 series2[40] .
in[-J= ——— JI TrigReduce i/ Expand
4
1 Sin[2x] Sinex] Sin[1ex] Sin[14x]
out[-]= — - - - - -
4 T 3 5m T

Sin[ls x] Sin[22 x] S'in[26 x] Sin[30 x] Sin[34x] 51'n[38 x]

O 117 137 15 17 19

Verify that they are identical

n[-J= series2[10]-series[10] // FullSimplify
out[-]= O

Problem 4 :

n[-J= Clear["Global "

. 1 2 1 2
nl-l= tkin = — mlx1'[t]°+— m2 x2 '[t]
2 2

1 2 1 2
out[-]= — ml x1'Tt]" + — m2 x2'[t]
2 2

1 2 1 2 1 2
n[-}= vpot = — k1 x1[t]” + — k2 (x1[t] - x2[t])" + — k3 x2[t]
2 2 2

1 5 1 ) 1 5
out[-]= — K1 X1[t]” + — k2 (x1[t] - x2[t])* + — k3 x2[t]
2 2 2

mn]= lag= tkin-vpot

1 , 1 ,» 1 ) 1 , 1 2
outl-]= —— k1 x1[t]° - — k2 (x1[t] - x2[t])° - — k3 x2[t]" + — m1 x1'[t]° + — m2 x2'[t]
2 2 2 2 2



m[-]= D[lag, x1[t]]- D[D[lag, x1 '[t]], t] // Simplify
outf-J= -((kl +k2) xl[t]) + K2 x2[t] - m1 x1"[t]

m[-]= D[lag, x2[t]1- D[D[lag, x2 "[t]], t] // Simplify
outl-]= k2 x1[t] - (k2 + k3) x2[t] - m2 x2"[t]

n[}= vv = {{-k1-k2, +k2}, {k2, -k2 - k3}};
vV // MatrixForm

Outl[-]//MatrixForm=
(—kl -k2 k2 )
k2 -k2 - k3

Problem 5:

n[-J= Clear["Global "

mn[]= g=DiagonalMatrix[{l, -1, -1, -1}1;

a) CMS
in[-]= pmuon ={e, 0, 0, €};
pproton={p, 0, 0, -p};
in[J= pl2 = pmuon + pproton

oul-]- {€+p, O, O, e-p}

nl= s=pl2.g.pl2 i Simplify
out[]- 4ep

In[-]:= '\/s /. {€ > 16000, p-» 275} /IN
out-]= 1048.81

a) Proton at rest
in[-]= pmuon ={e, 0, 0, €};
pproton ={mp, 0, 0, 0};
in[-J= pl2 = pmuon + pproton

out[]- {€+mp, O, O, €}

nl= s=pl2.g.pl2 i Simplify
oul = mp (2 e +mp)

nl- Als 1. {e- 1000, p 275, mp-1} /N
oul - 44.7325
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Problem 6:

nl-]= Clear["Global "]

. 1 2 1 2 2
nll= tkinz= — mlx'[t]"+ —am2r©e'[t]
2 2

1 1
out[-]= — ml x’['c]2 +—m2ria 6’[‘c]2
2 2

n[-]= vpot = -mlg Sin[a] X[t]
out[-]= -gml Sin[q] X[t]

n}= lag=tkin-vpot

. 1 » 1 2 2
oul-]= gml Sin[a] X[t]+ — m1 X'[t]" + — m2 r° a 6[t]
2 2

n[-J= f= x[t]- rortl;
{orf, xttn, DIf, ertn}

outl-]= {1, -r}

nl}= eqx = D[lag, x[tll- D[D[lag, x '[t]l, t] - A D[f, x[t]]
outl]= -A+gml Sin[a] - ml xX"[t]

nlJ= eqé = D[lag, e[t - DID[lag, 6 '[t]], t] - AD[f, 6[t]]

oull - FA-m2r2agTt]

In[-]:= eqf = D[f, {t, 2}
out[-]= X"[t]-r 8"[t]

n[}- eqs = {eqx, eqe, eqf} == 0 / Thread
outl.J= {—A +gmlSina-mlx"[t]==0, rA-m2r2a@’[t]==0, X"[t]-r &"[t] == 0}

n-]= Solveleqs, {x''[t]l, 6 "''[t], A}l

gml Sin[d] gml Sin[q] gmlm2 aSin[a
—_— s — A ————

out-]= {{x”[t] -
ml+m2a r(ml+m2a) ml+m2 a

})



Problem 7

n[-J= Clear["Global "

X '[y]z +1
n[-J= term = _—
y

1+ Xyl
outl-J= -
y

in[-]= Drterm, X[yl
out[-]= O

= DID[term, X '[yIl, Y]

Xyl X"1y] y

Out[-]=

LxXyE 2 XIX'1Y]
y

|

- . -
P32
2 | LexyP LexyP 2y (—l”( i )
Y y Y y Y

in[-]= tmp2 = D[term, x '[y]] // PowerExpand
X'Tyl

\/5 A1+ x’[y]2

- eq=tmp2A2 == —

Out[-]=

X'yl 1
out[-]r —— zz ——
y(l+xy?) 2a

n[-}= sol = Solve[eq, X '[yl]

outf-J= {{x’[y] N —i}, {x’[y] -
2a-y 2a-y

in[-]= tmp4 =x"'[y] /. sol[2]
\y

2a-y

out[-]=

in}= jacobian = D[a (1-Cosia]), 6]

out-]= a Sin[@

in[-}= tmp5 = tmp4 jacobdian /. {y >a(l- Cos[e])}

a a/a(l-Cos[e) Sing

\/2 a-a(l-Cosio)

Out[-]=
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In[-]:=

Out[-]=

In[-]:=

out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

Out[-]=

In[-]:=

Out[-]=

tmp6 = '\/ tmp542 1 FullSimplify / PowerExpand
02
2a S'in[—]
2
tmp7 = tmp6 / TrigExpand / FullSimplify
a-aCosig

tmp8 = Integrate[ tmp7, o

a6-asSin

y[8_] = -tmp7
X[0_] = tmp8

-a+aCosia
a6-asSing

ParametricPlothwh yIol} u{a-»l},{o,o, GHH

e ! ! !

-0.5 5 10 15



