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>>B=[0 1 0;0 0 1;-60 47 -12]

B=
0 1 0 L
(o 0 1 semle yeeP7®
60 47 -12 / ei9ge®
>> [v jl=eig(B)
Vm

-0.3145 0.2421 0.1960
0.9435 -0.9684 -0.9798

R

““"-\'ﬂ\*(

j A

3 0 0 =V |V

( 0.1048 -0.0605 -0.0392

0 0 -5
Linear Algebra.
diag Create or extract diagonals.
triu Upper triangle.
tril Lower triangle.
inv Matrix inverse.
det Determinant.
rank Rank.
rref Reduced row echelon form.
null Basis for null space.
colspace  Basis for column space.
eig Eigenvalues and eigenvectors.
svd Singular values and singular vectors.
jordan Jordan canonical (normal) form.
poly Characteristic polynomial.

expm Matrix exponential.




>> poly(B)

)~3’+ 12)-2'-'!' 47N+ 60
ans =

1.0000 12.0000 47.0000 60.0000
>> help expm
EXPM Matrix exponential.

EXPM(X) is the matrix exponential of X. EXPM is computed using
a scaling and squaring algorithm with a Pade approximation.

Although it is not computed this way, if X has a full set
of eigenvectors V with corresponding eigenvalues D, then

[V,D] = EXG(X) and EXPM(X) = V*diag(exp(diag(D)))/V.
EXP(X) computes the exponential of X element-by-element.

Overloaded methods
help sym/expm.m

>> help sym/expm.m

EXPM Symbolic matrix exponential.
EXPM(A) is the matrix exponential of the symbolic matrix A,

Examples:
syms t
A=1[01;-10]
expm(t*A)

R X X X R XK X XX X X OO X X OO OO X X X X000 X0K
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Using Toolbox Path Cache. Type "help toolbox path cache" for more info.
To get started, select "MATLAB Help" from the Help menu. @

»>> B={0 1 0;0 0 1;-860 -47 -12]

B =
0 1 0
¥ 0 i
~-60 ~47 ~12

>> (v jl=eig(B)

vﬁ
0.1048 -0.0605 -0.0382
-0.3145 0.2421 0.1960
0.9435 -0.9684 ~03.9788

ja.-.:

-3.0000 0 0
0 -4.0000 0

] o ~5.0000

L9

> inv{v) *j*v / o
3 ’f°1,”4ea\
ans =
1.5000 -1,1547 0.9347
10.3923 ~3.0000 6.4758
-4.,0120 ~3.0884 ~-10.5000 | .
js he

vV
viakf‘ f“'Mq\«

>> y*i*inv(v}
ans =

-0.0000 1.0000 0.0000
~0.0000 -0.0000 1.0000
-60.0000 -47.0000 -12.0000

g livHle symbslic

>> syms t

>> H= *p) €= - )

expm{t*B} C“,cuiahav\
H =
{ 6vexp (-5%t) -15*exp {~4*t) +10%exp (~3*t), TG/ 2%exp(-3I*t)-B*exp(-4*t}+7/2%exp (-3 «
*t), 1/2*%exp (~3*t) ~exp (~4*t)+1/2%exp (-5*t}]
f ~30*%exp {-3*t)+60%exp (~4*t}-30%exp(~5*t), ~35/2%exp(-5*t)+32%exp(-4*t)-27/2%exp(-3 «
*t}, -3/2%exp (-3*t) +d*exp (—-4*L)-5/2%exp (~5*t}]
f ~240%exp {~4*t) +150*exp (-5*t) +90*exp (-3*t}, 81/2*exp(-3*t}-128*%exp(-4*t)+175/2*%exp{-5 v
*t}, 25/2%exp (-5*%t)+3/2%exp (~3*tr)~16*exp (-4*L) ]

>> J=[(-3 0 0;0 -4 0;0 0 -5]

) was YC’_‘)}"‘ h make [he
7 in{’tge'f.

elemenfs an
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-3 0 o

o -4 0o} = \)

G g -5 J t.
>> Hi=expm(t*J) H i - &
Hi =
[ exp(-3*t), a, G]/
{ 0, exp('é*t)' 0]
[ o, 0, exp(-5+t)] f.

hYS © A
yaph Vet le
>> V={1 1 1;-3 -4 -5;9 16 25] e nge ca
Vo= Co . C./""r
‘k’,aaf‘ - C‘N‘( . em{IS .

1 1 1 s 1‘"\“ 2!3 e ¥ "33

-3 -4 -5 * {, h\eT aY

g 16 25 go L
>> VRI*inv (V)
ans = ‘__“

0.0000  1.0000  0.0000 V J vV - 5

~0.0000 ~-0Q,0000 1.0000
~60.0000 -47.0000 ~12.0000

>> V*HI*inv(V}
ang =
4 6*exp (-5*%t)~15%exp (-4*t) +10*exp (-3*t), 9/2*exp{—3*t)~8*exp{-4*t)+7/2*exp{_5 &
*t), 1/2%exp (~3*t) ~exp(~4*t)}+1/2%exp (-5%t) ]
[ «-30*exp(—3*t}+60*exp(—4*t)~30*exp(-—5*t), ~—35/2*exp(w5*t}+32*exp("4*t)-2’7/2*exp{-—3 W«
*t}, -3/2%exp(-3*t)+4*exp (-4*t)-5/2%exp (-5*t} ]
{ ~—240*exp{—4*t)+150*exp(-—5*t)+90*exp(-—3*t), 81/2*exp(—3*t)w128*exp(-4*t}+175/2*exp(-—5 ¥

*t), 25/2%exp (~5*t) +9/2%exp (-3*t) ~16*exp (~4*t) ]

>> Jt -1
VHi\/“‘: Ve \"

Vv E

—y
——

€

= €&

Ge~3 — 15e%4 4 10e3% 9/2e~3 — Be~% 4 7/2¢5¢ 1/2e73 =4t o 1 j9p-5t
~30e"3 + 60e™# — 3065  -35/9¢5¢ 4 304 . 27/2e%  -3/2e"% 4 44 _ 5/9e-5
~240¢™% + 150e "% + 90e "3 81/2e3 — 128e~# + 175/2¢ "t 25/2e75 + 972073t _ g4t
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Using Toolbox Path Cache. Type "help toolbox_path_cache" for more info.

To get started, select "MATLAB Help" from the Help menu. 12-
.’
>> 4={-3 1 0;0 -4 1;0 0 ~3] 127
Eiaer\vdv\es are o(fs}’)ﬂt‘."' ‘“"(
-4 1 —
o o -5 ave at —3,-°4, S

>> {T Diagl=eig(j) \ ™S 1 s H‘f’ iﬂh*hjw‘{qh ’CQTH.
T = It cald be if e ei)"‘”*'“"’

1.0000 -0.7071 0.3333 {__ A
0 0.7071 ~0.6667 aTe Yepeéaie .
0 0 0.6667

Li*\e-f‘y i&olz/)emfcd' set- o f
ciaewec}w's

AN
>> syms t )T\JT—'

>> expmi{t*i}

ans =
[ exp(~3*t), —exp (~4*t) +exp (-3*t], 1/2%exp(~ ¥
5%t)—exp(~4*t)+1/2%exp (-3*t)}]
t a, exp{-4*t), v
-exp(-5*t)+exp({-4*t)]
[ 0, 0, «
exp(~5*t}]
>>» expm{t*Diag) 3 0
ans = 0“4 t—
-5
[ exp(-3*t), 0, 0F | weem e
{ 0, exrp(-4*t}, o | —
{ ¢, 0, exp(-5*t)]

>> T+ expmit*Diag)*inv (T}

ans =

{ exp (-3*t}, -exp (~4*t)+exp{-3*t), 1/2%exp(~ «

5%t} -exp(—-4*t}+1/2%exp (~3*t)]

[ 0, exp{-4*t), e
-~exp (-5*t)+exp (~4*t}]

{ o, g, «

exp{-5*t)1]
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Using Teolbox Path Cache. Type "help toolbox _path cache" for more info,.

To get started, select "MATLAB Help™ from the Help menu.

E

>> A=[0 1 0;0 0 1;-27 -27 -9}

A o=

0 1 C
0 0 1
-27 ~27 -G
>> [v ji=eig(A}

Three eigenvechys are |
[.d. YV is a siv\gul-n" mab x.

v~ does net exist

v
0.1048 + 0.00001 0.1048 - 0.0000% 0.1048
-0.3145 -~ 0.0000i -0.3145 + 0.0000i -0.3145

0.9435 (.9435 0.9435 @ ve
Eiﬁt""“lm
y = Ye}ve afedd
-3.0000 + 0.00001 4} 0
0 -3.0000 - 0.00001 0
g Y] -3.0000

>> [v jl=jordan{A)

L - E'.gehvec‘hfs Vv 1S 2 non 53“3“""’
s 3 1 : x .
_ . hb,c_ MQ}“
: bf E) Gen ff)eh\fe.c}“"-s I nvey
' dan Cd“"“"“l Cadd
(—3 1 a)"_____dov
0 -3
6o o -3

>> vi=v(:,1); AV, =-3 vl

>> ve=vi{:,2};

>> v3=v{:,3); V
>> Afvl-:3*\3r;, A Vz_ = -3 VZ. + !
ans = A V_S ot .—3 V3 """VL
0
0
o __' - 4
>> A*v243*v2-vl V A V - J

0
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0
’ O
*y3+3%y3-v2
>> A*Y3I+3*vis-v “-5' \ {:
ans = -
O ‘,35
0 c) () .
0 t"\,——\
0
€ ¢
>> syms t t\ - ‘\/ é:. { o tr
>> Hl=expm{t*i) e -3 -3 \ -\
© \J s
H1 = o 0’ P
-~ \! 63
-
{ exp{-3*t}, t*exp (-3*t), 1/2%t"2*%exp(-3*t)]
{ 0, exp(-3*t), trexp{-3*t}]
{ Q, o, exp{~-3*t}]

>> HZ=v*Hivinv{v)
H2 =

[ 9/2%t" 2%exp{~3*t}+3*+t*exp{-3*t)+exp(-3*t),
1/2%t2%exp (~3*t) ]

[ -27/2*t 2%exp (-3*t),
t*exp(=-3*t)-3/2%t"2*exp (-3*L}]
[ 81/2*t 2%exp (~3*t)-27*t*exp (-3*t),

~G*t¥*exp (-3*t)+exp {-3*t)+9/2* L 2*exp (-3*t) ]
>> H3=expm{t*Aj
H3 =

[ 9/2%¢ 2%exp(~3%t) +3*t*exp (-3*t) +exp (-3*t),
1/2*t 2%exp {-3*t} ]

{ ~27/2%t 2%exp (-3*t),
t*exp (~3*t)~-3/2*t"2*%exp (-3*t) ]
{ g1/2*t*2%exp {~3*t) -27*c*erp(-3*t),

-6*trexp (~3*t) texp (~3*L) +9/2%t" " 2*%exp (-3*t) ]

>>

Note the preseacs f

tr*exp (~3*t)+3*t " 2%exp(-3*t), «

exp {—~3*t)+3*t*exp (~3*t}-5*t 2*%exp(~-3*t), «

~27%t*exp (3%t} +27*t 2%exp (-3%t), ¥

t*exp (~3*t) +3*t " 2Z*exp (~3%t), «

exp (~-3*t)+3*trexp (-3*t ) -9+t 2%exp (-3*L}, «

f

~2T7*t*exp (-3*L)+27*t " 2%exp {-3*L), ¥

e'“}fﬂ

-3t 2 -3F

/

e
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Using Toolbox Path Cache. Type "help toolbox path cache™ for more info.
To get started, select "MATLAB Help" from the Help menu.
>> A={0 2 1/3;0 -3 0;-27 -18 -6}
A=
¢ 2.0000 0.3333

G ~3.0000 0
~-27.0000 -18.0000 ~-6.0000

Too eigenwches sve

>> {v jl=eig(A)
v = /:/ {C}e—ﬂ f_c A

-0. 1104 - 0.0000i ~0.1104 + 0.0000i ~-0.4395 v .
0 0.5395 YV 1S 5”&9“[“
0. 9939 0.9939 0.7181
j o=
~3.0000 + 0.00004 0 0
0 -3.0000 - 0.0000i 0
0 0 ~3.0000

>> [v j]=jordan(A)

Twe li efa,en\lec)'u\"

v =

3.0000 0.3333 ~-0.6667
G 1.6000 - 1.0000
-27.0000 0 0 ‘

1= el‘aenVCCh‘r'
-3 1]l o
o - o | €&— Jovrdgn
> o1 -3

Caunonical form.

>> vl=vi{:,1};
>> v2=v(:,2); - -
>> v3=v{:, 3}; Av’ - 3v’
>> A*yl+3*vl
AV, 2 -3V, +V,

ang =

§ A V3 = -3 YB
>> A*v3+3+v3

ans =
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O
»>> A*v2+3+v2-vl .-.3 l e
o
O

ans - o -3 © - 3t
o o) O “3 e 3(— (‘e )
-3¢
o) e

0
0 w—
e =

>> gyms t -
>> Hil=expm(t*i) O O e 37

Hl =

{ exp (—3*t}, t*exp(-3*t), 0}
{ Of &XP{”3*t7: 0}
{ 0, G, l exp (~3*t)]

>> h2=v*Hi*inv{v}

h2 =

{ 3*t*exp(-3*t)+exp(-3*t), Z2*t*exp (-3*t), 1/3*t*exp(-3*t)]
{ 0, exp (~3*t), 0]
{ ~2T*t*exp(~3*t), ~18*t*exp (-3*t), exp(-3*t)-3*t*exp(-3*t) 1

»>» Hi=expm(t*A}

H3 =

[ 3*t*exp(-3*t)+exp(-3*t}), 2%t*exp(-3*t), 1/3*t*exp (~-3%t) ]
[ o, exp{-3*t), 0]
[ ~2T*t*axp (-3*t}, -18%t*exp (-3*t), exp(=-3*t)-3*t*exp(-3*t}]

s e‘“/‘

Note he },«rejeuc& of e
of f'z‘e";f. texr.

3¢ -3
, te

and e absencz
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Using Toolbox Path Cache. Type "help toolbox path_cache" for more info.
To get started, select "MATLAB Help" from the Help menu.
> Al=[-3 1;0 -3]
Al =
-3 1)
o -3
>> I={1 0;0 1}
1 =
1 0
0 1
>> A=[{Al I;0 Al]
777 Error using ==> horzcat
All matrices on a row in the bracketed expression must have the
gsame number of rows.

>> A=[Al I;0*I Al]}

A =
. - ygo{' | Ra)
-3 1 1 0 K"ﬂ'\!s 'S
0 -3 0 1
0 Q -3 1
0 0 4] -3
>> syms t ‘\t:

>> Hl=expm(t*A)
Hl = /

exp (—-3*t), trexp (-3*L), t*exp(-3*t), tr 2*exp(~3*t)

0, exp (-3*t}, 0, t*exp (~3*t)
0, o, exp{-3*t}, t*exp(-3*t}
a, 0, 0, exp (~3*t;}

>> [v jl=jordan (A}

v = F/’ /

2.0000 a 0 0
¢ 1.0060 0.5000 0.5000
0 1.0000 ~0.3000 ~0.50060

2 1.1. er‘aenvec}ws .

G 0 1.0000 0 | | | -.”
A1 __ generalized
3 = A ei)ev\uﬂ}ws
i dan vM
o) e
0 0 -3 0
i} 0 0 3
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>> vi=v{:,1};
>> va=mv{:,2);
>> v3=vi{:,3);
>> vid=vi{:,4};
>> A*vli+3*vl

ans =

QOO0

>> Arv4+3¥vy

ans =

Lo T e e

>> A*v243*y2-vl

ans =

Qo0 o

»> A*y3I+3Fy3-v2

ans =

Lue I s I T o1

>> H2=expm{t*y)

H2 =

f exp{~3*t),

{ 0, exp{~-3*t},
{ G, 0,
{ Q, 0,

>> v*H2*inv{v) =,

ansg =

exp{-3*%t

t

r

~

)
0
0
0

B ey e gy

L4

eAt‘

trexp(-3*t),
exp {(-3*t),
G,

0,

trexp{-3*t),
GI
exp{-3*t},
0,

t*exp(-3*t), 1/2*t*2*exp(-3*t},

t*exp (~3*L),
exp {(-3*t),
g,

t*2%exp{-3*t}]
trexp{-3*t)]
trexp (~3*%t) ]
exp (~3*t}]

0]
0]
0]
exp(-3*t)]
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Using Toolbox Path Cache.

To get started, select "MATLAB Help™ from the Help menu.

>> syms Gt

>> syms sigma

>> syms omega

>

Al =
sigma, omega
-omega, sSigma

>» I=[1 0;0 1}
I =

I

>» A=[Al I:;0*I Al)

Al={sigma omega;-omega sigmal

A=

[ sigma, omega, 1, 6]
[ —omega, sigma, 0, 1]
1 Q, 0, sigma, omegal
[ o, 0, -omega, sigmal
>> Hl=expm(t*A)

HI =

f exp{t*sigma) *cos (t*omegal,
}, t*expi{t*sigma)*sin(t*omegaj]
{ ~exp{t*sigma) *sin{t*omega),
), t*exp(t*sigma)*cos (t*omega)]
[ 0,
Y, exp{t*sigma)*sin(t*omega)]
{ 0,
Y, exp({t*sigma}*cos {t*omega)]
>> B=Aj

>> B(1,3)=0;

>> B{2,4)=0;

»> B{2,3)=];

>> B

B =

{ sigma, omega, G, 01
[ ~omega, sigma, 1, 0
[ 0, 0, sigma, omega]
[ 0, 0, ~omega, sigma]

>> H2=expm{t*B)}

st
e “Crosot € Sinot
-e ‘('s_i hat e’

)

—

Type "help toolbox path cache" for more info.

g Wl o
-~ oo |
o ° & w
o o[-0 &

A ——————

O
o

te‘so;we te'r.fs:‘nbt‘
Py st
Lte 'Smat fe coswb

Erom[—
() e“c
e |

exp(t*sigma) *sin{t*omega),

exp{t*sigma) *cos{t*omega),

0,

0,

sl e“siuof
--e’ %Sihbl' e"rcub!—

t*exp{t*sigma)*cos(t*omega «

~f*exp{t*sigma)*sin{t*omega v

exp (t*sigma) *cos (t*omega «

~gxp{t*sigma)*sin{t*omega w

For
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B Bt @

st . ¢
€ cosut e Sinop t el Siwt‘ -%‘—' "(,,,.,H_!._g"‘;;,,
AN

[ o6t st ut st
e 'sinat % ‘rosnt z.‘ c-wtq-z-e s,.,at- t' " Sinwt

‘&Smwt‘

>> [v jl=jordan (B}

v =

[ -1/4, -1/4*i/omega, -1/4, 1/4*i/omega]
[ ~1/4*i, a, 1/4*i, 0}
[ 0, ~1/2%%, o, 1/2%1]
[

0, 1/2, o, 1/2] } .JZJ UJQV\"“ Jues

1 /4+ 410

[ sigma+i*omega, 11 0, 0]
{ 0, sigma+i*omega a, 0]
[ G, G,} sigma-i*omega, 1]
{ 0, 0,\ 0, sigma-i*omegal

M
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10/10/04 4:55 BPM MATLAB Command Window

Using Toolbox Path Cache. Type "help toolbox path cache" for more info.

To get started, select "MATLAB Help™ from the Help menu.

>> gyms sigma omega

>> ayms t a b c d

>> Al=[sigma omega;-omega sigmal
Al =

[ sigma, omegal
[ ~omega, sigmal

>» I={1 0;0 1}

G2

»>» A=[Al I;0+*I Alj

A =

[ sigma, omega, i, 01
[ ~omega, sigma, o, 1}
[ Q, 0, sigma, omega]
f 0, 0, -omega, sigmal

>>» Z=[0 0:;1 C]

Z =

(¢

>> B=[Al 2;0*I Al]

B:s

[ sigma, omega, o, 0]
{ ~omega, sigma, 1, 0}
{ Q, 0, sigma, omega)

[ 0, 0, -omega, sigma)




omega*b+omega*c, omega*d-omega*a, a, w bl

l

f -omega*d+omega*a, omega*b+omega*c, &, dl

{ g, 0, 2*ocmega*a-2*omega*d, 2*omega*b+2*omega*c]

[ Q, 0, -2*omega*b-2*omega*c, <*omega*a-2*omega*d]

>> H1=T*A

HI =

[ (omega*b+omega*c)*sigma—(omega*dmomaga*a)*omega, {omega*b+omega*c) *om

ega+ (omega*d-omega*a) *sigma, cmega*tc+a*sigma,

cmega*d+b*sigmal

[ {uomega*d+omega*a}*sigmAw(omega*b+omega*c)*omega, (-omega*d+omega*a) *om

ega+(omega*btomega*c) *sigma, -2*omega*d+omega*a+crsigma,
omega*b+2*omega*c+d*sigmal

[ 0,

0, (z*omega*a—z*omega*d)*sigman(2*omega*b+2*omega*c)*omega, {
2*omega*a—2*omega*d}*omega+(2*0meqa*b+2*omega*c)*sigmal
{ 0,

a, (—2*omega*b—2*omega*c)*sigma—(2*omaga*a*2*omega*d}*omega, (~
Z*Qmega*bwz*omega*c)*omega+{2*omeqa*a—2*cmega*d}*sigma]

>> H2=B*T

HZ2 =

{ (momega*d+omega*a)*omega+{omega*b+omega*c)*siqma, {omega*b+omega*c) *om

ega+ (omega*d-omega*a) *sigma, omega*c+a*sigma,

omega*d+b*sigmal

[ (~omega*d+omega*a)*sigma—(omega*b+omega*c}*omega, {omega*b+omega*c) *si

gma- {omega*d-omega*a) *omega, -2*omega*d+omega*atc*sigma,
cmega*b+2*omega*ct+d*sigma]

{ , c,

o, (—2*omega*b—2*omaga*c}*omega+(2*omega*a-2*omega*d)*sigma, {
2*omega*a~2*omega*d)*omega+(2*9mega*b+2*cmega*c)*sigma}
[ 0,

a, (—2*omega*b—2*omega*c)*sigma~(2*omega*a-2*omega*d)*omega, {
Z*Qmega*a—z*omega*d)*sigma~(2*omega*b+2*omega*c)*omega}

>> H1-H2
ans =
{ —(omega*dmomega*a)*omega~(-omega*d+omega*a}*omega,
0, 0,
0]
[ o, {~omega*d+omega*a) *
omega+ {omega*d-omega*a) *omega, ¢,
0]
{ | 0,
¢, w(2*omega*b+2*omega*c)*omegav(~2*om.ega*b~—2*omega*c}*omega,
@]
{ g,

0, G,
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(-2*omega*b-2*omega*c) *omega+ (2*omega*b+2*omega*c) *omega]

>>

HI-H2 is the Zem mabix.
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AAd H\sv\al ’fxqw:/’/e_f

C =
M e

[ sigma, omega, 0, 0]
[ ~omega, sigma, o, 0] 5—»4"" .
f G, 0, sigma, omega]
{ G, 0, -omega, sigmal

>> [v ji=jordan(C}

VvV =

{ i/2, i/2, g, 0]

[ 1/2*%i, -1/2*i, o, 0]

{ /2, 1/2, 1/2, 1/2]

[ 1/2+%%, -1/2%i, 1/2*i, -1/2+i]

j:
[ sigma+i*omega, a, o, 0}
[ 0, sigma-i*omega, 0, 01
{ o, 0, sigma+i*omega, 0}
{ 0, G, 0, sigma-i*omegal

The mapices

§ > ° ° & w1
._..@o/oo&nw(O'
o o0 g WL o 0 g
6 o -~ ¢ 0 © _p o]

av; . hko..{"' . A;mpl oy

—"
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D=

[ sigma, omega, a, 1} Jb”(q"\ "'p‘ S

[ ~omega, sigma, o, 0]

{ o, 0, sigma, omega] ( & | o

[ Q, 0, -omega, sigmal -t ( o l

>> [v j]=jordan (D) o °© g

{ 1/4, -1/4*i/omega, 1/4, 1/4*i/omegal

{ 1/4*5, g, ~1/4%i, 0}

[ o, -1/2*1, 0, 1/2+1]

f G, 1/2, 0, 1/2}

jz

{ sigma+i*omega, 1, g, 01

{ 0, sigma+i*omega, 0, 01

f G, 0, sigma-i*omega, 1}

[ 0, 0, 0, sigma-i*omega]

>> expm{t*i}

ans =

[ exp (t*sigma)*cos(t*omega)+i*exp (t*sigma) *sin(t*omega), t*exp({t*sigma) *cos (t*omega) + «

i*t*exp (t*sigma)*sin (t*omega), 0, »

0]
{ 0, exp{t*sigma) *cos (t*omega v
}+i*exp{t*sigma)*sin{t*omega), 0, v
0]

{ a, '
0, exp(t*sigma)*cos (t*omega)-i*exp (t*sigma) *sin(t*cmega),

t*exp (t*sigma)*cos (t*omega)-i*t*exp (t*sigma)*sin(t*omega) ]

[ g, 4
Ol ol 4

exp(t*siqma}*cos(t*omega)~i*exp{t*sigma}*sin{t*omega)]




