Problem 1:

In[-J:= P'I.ot3D[Im[Sqrt[x+I y]], X, -4, 4, {y, -4, 4}]

Ooutl[-]=

_4 -2

ni - Plot3D[Re[Sart[x + Iy||, {x, -4, 4}, {y, -4, 4]

Ooutl[-]=




2
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ni= Plot3D[Im|(x + I y)m], Xy -4, 4}, 1y, -4, 4]

out[-]=

In[-]:=

out[-]=

Cube Root

m-p= (r Exp[I 9])”3 Il PowerExpand

i
oul - e3 rif3

In[-]= €= 0.001;
(r EXp[I 0])113 Ie {r 1, 6->{mw-€, -1t+ e}}
oui - {0.500289 +0.8658597, 0.500289 - 0.865859 i}

in[-J= Sinpr/3] N
outl-]- 0.866025
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nil= pl= Plot[{ A Absir] Si n[ ir], - 4/Absir] si n[ f]} IIRe , {r, -4, 8}, PlotStyle - Red]
3 3
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0}, PlotStyle - {Green, Thicknesso. 012]}]
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_15F
in[-J= Show[p2, pl, PlotRange - All]
. 151
1.0;
Out[]=_*4‘ s ‘—13‘ T— ‘_12‘ L
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General Root

nlJ= (r Exp[I e])l’n Il PowerExpand

o 1
Out[]= en n

nl-}= {n > Table[i, {i, 2, 10, 1}]}
oull- (n>1{2,3,4,5,6,7,8,9, 10}

- €=0.001;
tab = Table[i, {i, 2, 10, 1}]
(r Exp[T e])lm
TableForm[s, TableHeadings » {tab, None}]&

I.{r->1, 6-{r-¢, -m+e}} /. {n > tab} / Transpose /

oul - 2,3, 4,5,6,7,8,9, 10

Out[-]//TableForm=

2 0.0005+1.i 0.0005-1.i

3 0.500289 + 0.865859/ 0.500289 - 0.865859
4 0.707284 +0.70693 1 0.707284 -0.70693i
5 0.809135+0.587623/ 0.809135-0.587623i
6 0.866109 + 0.499856 0.866109 - 0.499856
7 0.901031 +0.4337557 0.901031 -0.4337551
8 0.923927 + 0.382568 0.923927 -0.382568i
9 0.939731 +0.3419161/ 0.939731 -0.341916i
10 0.951087 +0.308922 0.951087 -0.308922

n}= Table[Sinpr/n] i/ N, ¢n, 2, 10, 1

ouf-]= {1., 0.866025, 0.707107, 0.587785, 0.5, 0.433884, 0.382683, 0.34202, 0.309017}

In[-]:= Exp[I rr/4] I Im

1
out[-]= ——

V2

in[-J= Sin[rl4]

1
out[-]= ——

N2
n[-J= Clear[pl, p2]

plin_] := Plot[{ ~/Abs[r] Sin| ir], - Y Abs[r] Sin| ir]} IIRe , {r, -4, 0}, PlotStyle - Red]
n n

p2[n_] := P'I.ot[{ '\"/ Abs[r] Exp[I f], - '\n/Abs[r] Exp[I f]} i Im,
n n

{r, -4, 0}, PlotStyle - {Green, Thickness[0.012]}]
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Inf-]= Do[

Printn];

Show[p2[n], pl[n]] / Print
s {Ny 2, 10}]
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Problem 2:

n[-J= Clear["Global "
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n[-]= mat = {14, -3}, {-3, 6}};
mat // MatrixForm

Outl[-]//MatrixForm=
( 14 -3 )
-3 6
In[-]:=

Eigenvalues[mat] // Simplify
Eigenvectors[mat]

oul - {15, 5}

outl-J= {{-3, 1}, {1, 3%

n[-]= Trimat]
out[-]= 20

in[-]= Det[mat]
out[-]= 75

m[-]= Eigenvalues[mat] // Simplify
outl = {15, 5}

nl]= b =Eigenvectors[mat]

outl-J= {{-3, 1}, {1, 3%

3 1 1 3
= =)h =)

n[-}= b.Transpose[b]

n-l= b = Normalize i@ b

outl-]=

outl-J= {1, 0}, {0, 1}

n[-J= test= b.mat.Transpose[b] / Simplify / MatrixForm

Outl[-]//MatrixForm=

(s o)

Problem 3:

n[-J= Clear["Global "

1
niJ- tmat = — mr? (91'[t]2 +02' [t + 93'[t]2)
2

1
ouf ] — mr? (el’[t]2 + 027t + 93’[t]2)
2



1
nl= tt=—mr2Di agonalMatrix[{l, 1, 1};
2

tt / MatrixForm

Outl-]//MatrixForm=
m r?

nl= vmat = — r? ((91-92)2+(92-93)2+(e3-91)2)

I 9 o
2
2
o = ¢
2
mr2
© =
k
2
1

oul - — k r? (01- 022 +(62-03)% +(-61+ 93)2)
2

n[-J= vmat / Expand

oul - kr2e1?-kr2el1e2+kr262>-kr?e103-kr2e6263+kr?e3?

vmat
n[-]= testl=

k r?

oul]- 1% -6162+62%>-6163-6203+03°

n[-]= D[testl, 1]
out[-]= 201-62-63

nfJ= VvV ={2, -1, -1}, {-1, 2, -1}, {-1, -1, 2}};

vv // MatrixForm

Outl[-]//MatrixForm=

2 -1 -1
-1 2 -1
-1 -1 2

in(}= Detl{2, -1, -1}, {-1, 2, -1}, {-1, -1, 2}

out[-]= O

n[-]J= vec ={61, 62, 63};

ni}= MatrixForm /@ {vec, vv, vec}

61 2 -1 -1

outl-J- { o2, -1 2 -1,

63 -1 -1 2

n[-]- test2 = — vec.vv.vec /l Expand

2

oul]- 61° -0162+602° -0103-0203+03°

n[-J= testl == test2

out[-]= True

Il Expand

ex1_Sol.nb | 9
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In[-]:=

Out[-]=

In[-]:=

Ditestl, 61]
261-62-63

vvmat = k r? vV
vvmat // MatrixForm

Outl[-]//MatrixForm=

In[-]:=

2kr? -kr?2 -kr?
-kr2 2kr? -kr?
-kr? -kr? 2kr?

tt (—2 w2) Il MatrixForm

Outl[-]//MatrixForm=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

out[-]=

_mrZw2 0 0
0 -mr?w2 0
) 0 -mr2w2

matl = vvmat + tt (—2 w2)

{{Zkrz—erWZ, -kr?, -k rz}, {—krz, 2kr2-mr?w2, -k rz}, {—krz, -kr?, 2kr2—mrzw2}}

Det[matl]

OK*mr®w2+6km? ré w22 -m3 réw23

Det[matl] /. {w2 » 0}
0

Solve[Det[matl] == 0, w2]
3k 3k

{{wz 50, {wz N —}, {wz N —}}

m m

Problem 2: f[x_]=... for x=[0,2 r7]

In[-]:=

Clear["Global "]

Part a)

In[-]:=

Clearif];

fix_J:=1/; O< x <= N[Pi/2];
fIx_1:=0 /5 N[Pi/2] < x <= N[Pil;
fix_1:=1/; N[Pi] < x <= N[3 Pi/2];
fix_1:=0 /5 N[3 Pi/2] < x <= N[2Pi];



ex1_Solnb | 11

nf-J= PLot[f[X]1,{X,0,2 Pi}]

1.0

0.6 ;
outl-]=

04

02

Compute the Fourier coefficients

inl-}= a[n_] = : (Integrate| Cos[nx], {x, @, n/2}|+ Integrate|[ Cos[n x|, {x, =, 3x/2})) # Simplify
JT

sin[Z]- sin[n ]+ Sin[27]

outl-]=
nrr

inl}= a[n_] = : (Integrate| Cos[nx], {x, @, n/2}|+Integrate|[ Cos[n x|, {x, =, 3m/2}) u
JT

Simplify[#, ne Integers] &

sﬁn[”—z"]+sm[3;"]

outl-]=
nr

n[]= Table[a[il, {i, 1, 10, 1}]
ouf - {0, 6, 0, 0, 0, 0, 0, 0, O, O}

Check
In[-J-= 2 (Integrate|[1, {x, 0, n/2}|+Integrate[1l, {x, =, 3 r/2}|
It
out[-]= 1
nl}= bn_] = : (Integrate[Sin[nx], {x, 0, n/2}|+ Integrate[Sin[n x|, {x, m, 37/2}]) #Simplify
JT

4 (l + Cos[n—;] +Cos[n rr]) Si n[nTn]z

outl-]=
nir
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In[-]:=

Out[-]=

In[-]:=

Out[-]=

bin_] = : (Integrate[Sin[nx], {x, @, w/2}|+ Integrate[Sin[nx|, {x, m, 3m/2})) u
T
FullSimplify[, ne Integers] &

14N -2 1" Cos[n—z"]

nm
Table[bril, {i, 1, 10, 1}]

2 2 2
{02 _,0) 05 07 _702 O: 0, _}

Tf 3 5nmr

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,0, Pi/2y+ Integrate[ 1 ,{x,Pi, 3Pi2y )
1

2
c[m_]= 1/(2 Pi) Integrate[ 1 Exp[- I m x] ,{x,0, Pi/2)] + Integrate[ 1 Exp[- I m X] ,{X,Pi, 3Pil

2 e'% 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, 0, rr/2}] + Integrate[ 184 n[ m x], {x, = 3 mz}] I FullSimplify

4 (l + Cos[m—zn] + Cos[m rr] Sd n[m—47T 2

m

Table[c[i], {i, 0, 6}]# Simplify

i i
{_: Oa T O: 09 O: ‘_}
2 T 3

term[0]= c[0];



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

mrr

2 Cos[m

Outf-]=

nJ= series[n_:= Sum[ term[m] ,{m,0,n}]

In[-]:=
series[2]
2 Cos[2 (3—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}]

08
0.6
Outf-]=

0.4

02

ex1_Sol.nb | 13



14 ex1_Sol.nb

Make a "frequency domain" plot of the coefficients

In[-]:=

1 1 1
Outl-]J= {;;0’ O’ 05 0’ ——,O, 0, O’ 0) 0’ 05 0, __)0’ O; 0, O’ 0) 0’ 05 __}
T

In[-]:=

out[-]=

coeffs = Table[{Re[c[i]], Im[c[il}}, {i, ©, 10}] # Flatten
1

3m 5mr

BarChart[coeffs, ChartStyle -» {Red, Blue}, ChartLabels - {""Re", "Im"}]

-0.2

Re-write the Exp series as a Trig series

In[-]:=

Out[-]=

In[-]:=

Out[-]=

In[-]:=

out[-]=

In[-]:=

In[-]:=

out[-]=

In[-]:=

out[-]=

term2[0] = term[O] /ExpToTrig /Simplify
1

2

term2[m_]= term[m] /ExpToTrig /Simplify
3 . m T . 3mrr
T—x)](—51n[7]+51n[ . ])

mrr

2 Cos[m

tmp= term[m]/ExpToTrig // FullSimplify[#, Elementim, Integers] &

2 cosf 257 -] [-sinl ] s 23

mr

series2[n_]:= Sum[ term2[m] ,{m,0,n}]
series[5]
2 Cos|2 (3—4” - x)]
2 .
series[10] /ExpToTrig /TrigReduce

15 7+ 60 Si n[z x] +20 51‘n[6 x] +12 51 n[lo x]

30



n[-]= series2[10] // TrigReduce

15 7+ 60 Si n[z x] +20 51‘n[6 x] +12 S1 n[lo x]
Out[-]=

30
2 series2[40] .
inf-J= =————— |l TrigReduce // Expand
4
1 Sin[2x] sin[6x] Sin[10x] Sin[14x]
out[-]= — + + + + +
4 T 3 5 T

S'in[18 x] . S'in[22 x] ) S'in[26 x] . S n[30 x] . S'in[34 x] . S'in[38 x]

9 11 137 157 17 19

Verify that they are identical

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

Problem

nl-]= Clear["Global "

nfJ= Al={{0, 1, 0}, {1, 0, 0}, {0, 0, O};
A2={{0, -I, 03, {I, O, 0}, {0, O, O}};
A3={{1, 0, 0}, {0, -1, 0}, {0, 0, O}};
A4={{0, 0, 1}, {0, 0, 0}, {1, O, O};
A5={0, 0, -I}, {0, 0, 0}, {I, 0, O};
A6={{0, 0, 0}, {0, O, 1}, {6, 1, O};
AT={0, 0, 0}, {0, O, -I}, {0, I, O};
A8=1/Sqrt[31{{1, 0, 0}, {0, 1, 6}, {0, O, -2}};

n[-]= MatrixForm i@ {A1, A2, A3, A4, A5, A6, AT, A8}

O 10\ (0 -0} (1 06 0y (601) (060-i\ (0600
outl-J- {[100],[5 oo],[o -1 o],[ooo],[ooo],[001],[
o0 0)looo)looo \1o0/\lioollo1o0

n[-}= commla_, b_]=a.b-b.a

out-]- a.b-b.a

eﬁ|»—- ©

s
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In[-][= tmp = comm[Al, A4];
tmp // MatrixForm

Outl[-]//MatrixForm=

0 0 0
0 0 1
0 -1 0

n[-J= tmp I/ MatrixForm

Outl[-]//MatrixForm=

0 0 0
0 0 1
0 -1 0

nl-]= I AT Il MatrixForm

Outl[-]//MatrixForm=

0 0 0
0 0 1
0 -1 0

in[-J= comm[Al, A2] // MatrixForm

Outl[-]//MatrixForm=

2i 0 0
0 -2i 0
6 0 0

n[-]= Al.A4 /I MatrixForm

Outl[-]//MatrixForm=
0 0 0

0 01
0 0 0
In[-]:= Comm[/\l, Ad] == IA7

out[-]= True



