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(x*Problem 3: Part ax)

(#Choosing constants for Plottting purposesx)

kl=1;
k2 =2;
M=1;

Q0 = Sqrt[(kl+k2) /M+ Sqrt[(kl+k2) "2/M*2-2k1k2/M"2 (1-Cos[q])]]

\/3+\/79A4 (1 -Cos[qg])

QA =Sqgrt[(kl+k2)/M-Sqgrt[(kl+k2)"2/M"2-2kl1k2/M"2 (1-Cos[q])]]

\/3*\/9f4<1vCos[q])

Plot[{QO, @A}, {q, -Pi, Pi}, AxesLabel - {g, Q}, PlotStyle - Thick]

QO
2.0 __\
LO;
0.5 :
‘:3" l.—‘2 I l‘—(1“ N I;‘ - ‘él . ‘é S

(*Part bx)

doo =1/D[9O, q]

A\/3+\/9—4 (1-Cos[q]) \/9—4 (1 -Cos[g]) Csc[q]

doa = 1/D[QA, q]

\/3—\/9—4 (1 -Cos[q]) \/9—4 (1 -Cos|qg]) Csclqgl]



2 | Merlin_hw3_1a.nb

LogPlot [{Abs [Out[7]], Abs[Out[8]11}, {g, -m, 7},
PlotRange - Full, PlotStyle -» Thick, AxesLabel - {g, Density of States}]

Density of States

10°F

104

100

-3 -2 -1 0 1 2 3

DoSO = (1/ (2% Pi)) *dQO

\/3+\/9—4 (1-Coslq]) \/9‘—4 (1-Cos[qg]) Csclq]

27

DoSA = (1/ (2% Pi)) »dQA

\/34/9‘4 (1-Cos[q]) +/9-4(1-cCoslq]) Csclq]

27

(*Writing DoS as a function of Q's to plot and taking absolute values:x*)

1
DoSO = — Q (272 ~3) Csc[ArcCos[(5- (@72 -3) "2) /4]]
2w

Q (-3+0%)
2”\/1*112 (S—v (—3+QZ)2)2

1
DoSA = —— Q (3-Q"2) Csc[ArcCos[(5- (3-Q072)"2)/4]]
2w

Q(3-92)

/ . 52
2n\/1-§6-(57 (3 -22) )
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LogPlot [ {DoSO, DoSA}, {Q, 0, n}, PlotRange - Full,
PlotStyle » Thick, AxesLabel - {Q, Density of States}]

Density of States

50.0F

10.0 ¢
5.0F

1.0}
0.5

IS Y T S T U TS TR Y SR TR SO S SO B Q
0.0 0.5 1.0 15 2.0 2.5 3.0

(*Part cx)
al = DoSO

Q (-3 +@%)

[

27r\/1——l}é- (5‘ (~3+Qz>2)2

a2 =DoSO /. Q-»Q/2

1 o2\ ?
ani-gfs (e 2))
LogPlot [{al, a2}, {Q, 0, 2}, PlotRange - Full, PlotStyle » Thick, AxesLabel - {Q, Absorption}]

Absorption

50+

201

10+
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(*Problem 5: Part ax)

21l = -0w"2 +(kl + x) ~LwIl

kl+k-1iTlw-w?

52 = 0”2+ (k2+x) ~hwI2

k2 +x-1iT2w-w

P= (S1%2%2 + 322Z1°2+2x%Z1%2) eE0/ (2122 - x°2)

eE0 (22122x+22° (kl+x-1iTlw-0w?) +21° (k2+x-1iT2w-0w?))

~x? 4+ (k1+k-1Tlw-o?) (k2 +K -1 T2w-w?)

ImP
ReP

Im[P];
Re[P];

(x*Part c=)
Plot[ImP /. {k1 -» 10, k2 » 3, m » 1, x~-»1, Tl » .5, I'2 » .5, e->1, E0O-»1, Z1-» 3, Z2 - -3},
{w, 0, 5}, PlotRange -» {0, 10}, AxesLabel - {w, ImaginaryP}]

ImaginaryP
101

w

4 5
(#*Note the minimum between the two resonant frequenciesw)
Plot [{ImP /. {k1 -» 10, k2 » 3, m » 1, x-»5, Tl » .5, I'2 » .5, e-»1, EO-»1, Z1-» 3, Z2 -» -3},

ImP /. {k1 - 10, k2 - 3, m » 1, x-»0,T1 > .5, T2 » .5, e»1, EO-»1, 21~ 3, Z2 » -3}},
{w, 0, 5}, PlotRange - {0, 10}, AxeslLabel - {w, ImaginaryP}]

ImaginaryP
10
z /\
o | N
‘. /
6L / \\ n / \\
// ‘\ A
4t \ /
/ // \ \
2 / \\\,/ / : \ / \\
S AN
0 1 2 3 4 s ¢

(*Note with coupling the minimum is lower than w/o couplingw)
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(x*Part d: Case for 1 overdamped and 1 w/ no dampingw)

(*No Couplingx)

Plot[ImP /. {k1 - 9, k2 » 4, m » 1, x-»0, Tl -» 100, r'2 » 0, e~-»1, E0O -1, Z1 > 10, Z2 -» -10},
{w, 0, 5}, PlotRange - {0, 10}, AxesLabel -» {w, ImaginaryP}]

ImaginaryP
101
5t
o
4
F N\
- R L L " N

4] 1 2 3 4 5
(*Adding Couplingw)
Plot [

ImP /. {kl1 -» 9, k2 - 4, m > 1, x-»0.01, T1 -» 100, T'2 » 0, e~»1, E0->1, 21 10, Z2 - -10},
{w, 0, 5}, PlotRange - {0, 10}, AxesLabel » {w, ImaginaryP}]

ImaginaryP
10
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(*Increasing Couplingx)
Plot[ImP /. {k1 » 9, k2 - 4, m » 1, x-»1, Tl -» 100, I'2 - 0, e-»1, E0O~-»1, 21 -+ 10, Z2 -» -10},
{w, 0, 5}, PlotRange - {0, 10}, AxesLabel - {w, ImaginaryP}]

ImaginaryP
10
8 -
6 -
4+
5 |
N \
N N
e 1 PR —rnr——
0 1 2 3 4 5

(*Note the imaginary part drops to zero exhibiting Fano Interferencex)



