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ALGORITMA DEUTSCH-JOZSA PADA KOMPUTER
KUANTUM SISTEM NMR (Nuclear Magnetic Resonance) 4

QUBIT
Nama : Bayu Dwi Hatmoko
NRP : 1112100060
Jurusan : Fisika, FMIPA-ITS
Pembimbing : Agus Purwanto, D.Sc

Abstrak

Gagasan tentang komputer kuantum dikenalkan oleh Yuri Marin
pada tahun 1980, kemudian disusul ilmuan Paul Benioff pada
tahun 1981 dan disusul lagi oleh Richard feynman pada tahun
1982, komputer kuantum sendiri merupakan teknologi masa
depan komputasi yang dapat menggantikan komputer saat ini.
Komputer merupakan piranti yang dapat menghitung berdasarkan
logika analitis yang dimiliki oleh rangkaian-rangkaian transistor
logika. Menurut hukum Moore jumlah transistor pada
mikroprosesor terus meningkat dua kali lipat setiap dua tahun.
Berdasarkan hal itu para ahli memperkirakan akan menemukan
sirkuit pada mikroprosesor yang diukur pada skala atom, dari
sinilah kemudian munculah gagasan yang memanfaatkan
kuantitas atom dan molekul untuk melakukan pengolahan data
dan memori, yang kemudian disebut sebagai komputer kuantum.
Kemudian Deutsc membuat rancangan algoritma kuantum yaitu
algoritma Deutsch pada sistem dua qubit. (Deustch,
1985).Komputer kuantum saat ini masih dalam prototype 10
qubit, namun dalam Tugas akhir ini akan di bahas secara
matematis untuk NMR 4 qubit.

Kata kunci : Algoritma Deutsch-Jozsa, Kuantum Komputer,
NMR, qubit
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DEUTSCH-JOZSA ALGORITHM IN QUANTUM
COMPUTER WITH NMR (Nuclear Magnetic Resonance) 4
QUBITS SYSTEM

Name : Bayu Dwi Hatmoko
NRP : 1112100060

Major : Physics, FMIPA-ITS
Advisor : Agus Purwanto, D.Sc
Abstrak

The idea of a quantum computer introduced by Yuri Marin in
1980, scientist Paul Benioff followed in 1981 and was followed
again by Richard Feynman in 1982, quantum computer is the
future of computing technology that can replace today's
computers. The computer is a tool that can calculate based on the
analytical logic used by transistor logic circuits. According to
Moore's law continues the number of transistors on a
microprocessor has doubled every two years. Based on that
scientist predict will find circuits on a microprocessor measured
on the atomic scale, from here then comes the idea of utilizing the
quantity of atoms and molecules to perform memory and data
processing, which is then referred to as quantum computers. Then
Deutsch make an Algorithm that is Deutsch quantum algorithm
which is an algorithm on a two qubit system. (Deustch, 1985). A
guantum computer is still in the prototype 10 qubits, but the final
project will be discussed mathematically for NMR four qubits.

Keywords : Deutsch-Jozsa algorithm, NMR, Quantum
Computers , qubit
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BAB 1
PENDAHULUAN

1.1 Latar Belakang

Gagasan tentang komputer kuantum dikenalkan oleh Yuri
Marin pada tahun 1980, kemudian disusul ilmuan Paul Be-
nioff pada tahun 1981 dan disusul lagi oleh Richard feyn-
man pada tahun 1982, komputer kuantum sendiri merupakan
teknologi masa depan komputasi yang dapat menggantikan
komputer saat ini. Komputer merupakan piranti yang da-
pat menghitung berdasarkan logika analitis yang dimiliki
oleh rangkaian-rangkaian transistor logika. Menurut hukum
Moore jumlah transistor pada mikroprosesor terus meningkat
dua kali lipat setiap dua tahun. Berdasarkan hal itu para
ahli memperkirakan akan menemukan sirkuit pada mikro-
prosesor yang diukur pada skala atom, dari sinilah kemu-
dian munculah gagasan yang memenafaatkan kuantitas atom
dan molekul untuk melakukan pengolahan data dan memori,
yang kemudian disebut sebagai komputer kuantum. Kemus-
dian pada tahun 1985, David Deutsch menyatakan bahwa
setiap komputer secara umum dapat meniru setiap sistem,
sehingga permodelan komputasi yang lebih umum sangat di-
harapkan untuk menggambarkan komputer umum. Akhirnya
Deutsch mengambil sistem-sistem fisika yaitu permasalahan
fisika kuantum untuk membuat permodelan komputer kuan-
tum yang diharapkan mampu menyelesaikan persoalan-persoalan
komputasi secara efisien dimana belum memiliki penyelesa-
ian yang efisien di komputer klasik. Kemudian Deutsc mem-
buat rancangan algoritma kuantum yaitu algoritma Deutsch
pada sistem dua qubit. (Deustch, 1985).

NMR (Nuclear Magnetic Resonance) merupakan sistem



kantum dua keadaan yang mampu menerapkan algoritma
Deutsch, algorima Deutsch-Jozsa dan beberapa algoritma
kuntum yang laian. NMR memiliki teori yang paling mapan
dari realisasi fisis yang berkaitan dengan komputer kuan-
tum. Qubit pada realisasi sistem ini merupakan inti yang
berspin 1/2. Molekul yang berisi beberapa inti disebut se-
bagai ”Quantum Register” dimana sistem NMR dibuat dari
jumlah molekul makroskopik dalam keadaan kesetimbangan
termal. Komputer kuantum saat ini masih dalam prototype
10 qubit, namun dalam jurnal-jurnal belum menerangkan
perhitungan matematis secara terperinci. Sehubungan den-
gan hal tersebut, maka ada peluang yang besar untuk mengkaji
lebih mendalam dari perhitungan matematis yang lebih ter-
perinci untuk sistem kuantum NMR ini.

1.2 Perumusan Masalah

Dalam tugas akhir ini permasalahan yang akan dibahas
adalah bagaimana pengaplikasian algoritma Deutsch-Josza
4 qubit secara matematis.

1.3 Batasan Masalah

Pada tugas akhir ini permasalahan hanya dibatasi pada
sistem fisis NMR.

1.4 Tujuan

Dalam Tugas Akhir ini bertujuan untuk menganalisa
grafik hasil penerapan Algoritma Deutsch-Josza pada Kuan-
tum komputer sistem NMR 4 qubit.



BAB II
TINTJAUAN PUSTAKA

2.1 Komputer Klasik
2.1.1 Bilangan Biner

Bilangan biner adalah bilangna yang berbasis 2 keadaan
yaitu 0 dan 1, maka dengan demikian apabila dipandang se-
bagai bilangan desimal, bilangan biner adalah bilangan yang
berbasis 2", jadi untuk mengkonversikan bilangan biner ke
bilangan desimal atau sebaliknya maka dapat dibuat jumla-
han deret,sebagai berikut:

Misalkan kita memiliki angka biner 100110
Tabel 2.1 Bilangan biner

Basis 291928 |27 26|95 |94 |93 |92]9l]90
Biner 1170101 110
Desimal 32101041210

maka bilangan biner 100110 merupakan representasi bilan-
gan desimal 38, begitu seterusnya, apabila kita meninjau alat
pengukur jarak odometer yang berbasis lima digit maka kita
dapatkan

2.1.2 Gerbang Klasik

Komputer bekerja berdasarkan gerbang-gerbang logika yang
telah disusun sedemikian rupa dalam transistor-transistor
logika, berikut adalah gerbang-gerbang logika dalam kom-
puter klasik:

Tabel 2.2 Gerbang Komputer klasik
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2.2 Komputer kuantum
2.2.1 Qubit

Didalam logika komputer klasik dikenal istilah ketukan, ke-
tukan ini berkaitan dengan kemampuan hitung komputer,
ketukan dalam proses perhitungan ini disebut sebagai bit,
untuk saat ini komputer klasik sudah mencapai 64 bit artinya
dalam satu kali hitung komputer dapat menghitung 64 ma-
sukan yang berbeda. Namun bit dalam istilah komputer
kuantum disebut sebagai qubit (quantum bit) yang diny-
atakan dalam basis keadaan berikut:

== 0



untukkeadaan spin up, sedangkanuntukkeadaan spin down
dinyatakan dengan ket berikut:

m=1=|)) 2

dan untuk keadaan yang menyatakan solusi secara lengkap
(mengkombinasikan kedua keadaan spin up dan spin down)
dinyatakan sebagai berikut:

¥) = al+) + B8]-) (3)

dimana koefisien alfa dan beta merupakan koefisien kompleks
yang memenuhi orthonormalitas berikut:

(W) = laf* + 18" =1 (4)

sedangkan |+) dan |—) merupakan vektor basis orthonormal
dari keadaan |¢)

2.2.2 Gerbang Kuantum

Dalam komputer klasik untuk meproses suatu data maka
diperlukan gerbang-gerbang logika seperti gerbang AND, OR,
NOT dan lain sebagaianya, begitu juga dalam komputer
kuantum, komputer kuantum memiliki gerbang logika yang
disebut sebagai gerbang kuantum. Gerbang kuantum ini di-
gunakan untuk memproses data kuantum agar dapat mem-
buat informasi yang utuh. Apabila gerbang kuantum dikenai
operator uniter maka gerbang kuantum tersebut berevolusi
sesuai persamaan berikut:

) = [¢) = Ulp) ()
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berdasarkan jumlah qubitnya gerbang kuantum dibagi men-
jadi 2 yaitu gerbang qubit tunggal dan gerbang 2 qubit,
berikut adalah uraian dari masing-masing gerbang:

2.2.2.1 Gerbang Qubit Tunggal

Ada beberapa gerbang logika dalam gerbang qubit tunggal
yaitu sebagai berikut: gerbang Z, gerbang NOT dan operator
Hadamard. Berikut adalah penjelasan dari masing-masing
gerbang:

Gerbang Z
Gerbang Z bekerja dalam logika persamaan berikut:

Z14) = 4)

Zl=) =~=|=) (6)
dikarenakan |psi) = a|+) + §|—), maka
214} = aZ|+) + BZ1-)
= aly) — =) (7)

maka dengan demikian operator Z merupakan operator uniter
yaitu sebagai berikut:

7 [(+21+) <+!Z|—>1_ L {1 0} (8)

IR KR S A VAR VR [



14) —{Z}-49

Gambar 2.1 Gerbang Z

Gerbang NOT
Gerbang logika NOT memiliki simbol X, yang bekerja sesuai
dengan persamaan:

X|+) = |-)
X|-) = |4) ©)

dikarenakan |¢) = a|+) + §|—), maka
X[y) = aX|+) + fX]-)
= al=) = fl+) (10)

maka dengan demikian operator X merupakan operator uniter
yaitu sebagai berikut:

X (X))o 1
X=X <—|X\—>]‘L o] (1)

Operator Hadamard
Operator Hadamard memiliki simbol H yang bekerja sesuai
dengan persamaan berikut:

14) —{HH149

Gambar 2.2 Gerbang hadamard



HI4) = —=(14) + =)

H|-) = %w ) (12)

dikarenakan |[¢) = a|+) + f|—), maka
H[p) = aH|+) + fH|=)

1
E(HH_))HB[

1

ﬁ(l+> —1=))]

= qf

1 1
:%[a-i—ﬂﬂ‘w—ﬁﬁ[a_ﬁﬂ_) (13)

maka dengan demikan operator H merupakan operator uniter
yaitu sebagai berikut:

x = |(HHIE) <+]H|_>]_ 1 [0 1

) (XS] T U5 0] 14

2.2.2.2 Gerbang 2 Qubit

Ada beberapa operator yang bekerja pada sistem kuantum 2
qubit salah satunya adalah SWAP (exchange) dan operator
CNQOT. Berikut adalah penjelasan dari masing-masing ger-
bang:

Operator SWAP

Operator SWAP berfungsi untuk menukarkan keadaan qubit
ke-0 dengan keadaan qubit ke-1 dengan memenuhi persamaan
berikut:

Slzy) = |yz) (15)



maka didapatkan keadaan lengkapnya sebagai berikut:

$[00) = |00)
S[o1) = |o1)
S|10) = [10) (16)
S|11) = |11

yang memiliki operator uniter berikut

(00[5]00)  (00[S|01) (00[S|10) (00|S|11)

o _ |{01]S[00) (01]S]01) (01|S[10) (01]5|11)

~ [(10[S]00) (10[S]01) (10[S]10) (10|S|11)
(115]00) (11|S[01) (11]S|10) (11|S|11)
1000
0010

“lo100 (17)
000 1

Operator CNOT (Controlled NOT)
Berikut adalah diagram operator CNOT:

...... |x> - | x>
|y g C) |y _____ GB _____ x _____ >

Gambar 2.3 Gerbang UCNOT

9



Operator CNOT disimbolkan dengna huruf C, yang bekerja
sesuai dengan persamaan berikut:

Crolzy) = |zy & x) (18)
C'10/00) = |00)
C10[01) = |01)
Cho|10) = [10)
Cho|11) = [11)
Colzy) = [ry © ) (19)
Co1|00) = [00)
Co1]01) = |11)
Co1[10) = [10)

sehingga didapatkan operator uniternya sebagain berikut:

00|C10[00)
01]C10]00)
10/C1/00)

)

(
Cho = g
(11]C10]00

o O O
o O = O
_— o O O
o= O O

00(Cl100)
01|C|00)
10/Cy1 |00)

)

(
Cor = g
(11]Chy |00

(00|C10[01)
(01|Cy0l01)
(10|Cho|01)
(11]C40]01)

(00]Co1|01)
(01]C1|01)
(10|Co1]01)

10

{00]C1[10)
(01]C10[10)
(10]C10/10)
(11]Cyo|10)

(00 Cy [10)
(01]Con [10)
(10]Con [10)
(11]Cox [10)

{
{
{
{

{
{
{
{

00|C1o[11
01|010’11
10[Cyp|11
11|Cy)11

(20)

00|Coq|11
01|Co1]11
10]Cp |11
11]Coy |11

)
)
)
)

)
)
)
)



(21)

o O O
—_— O = O
o = O O
oS O = O

2.3 Sitem Dua Keadaan

Komputer klasik menggunakan komponen terpadu (IC) yang
terdiri dari ribuan transistor yang berfungsi sebagai saklar
logika dengan dua keadaan, yaitu saklar terbuka atau saklar
tertutup, maka dengan demikian komputer klasik memang
sudah dirancang untuk bekerja dalam prinsip dua keadaan.
Didalam memori komputer terdapat magnetik yang berisi
ribuan register yang bekerja atas dasar dua keadaan yaitu
fluks magnetik yang searah dengan jarum jam memiliki reg-
ister (0) dan yang berlawanan dengan arah jarum jam memi-
liki register (1), sedangkan saklar elektronik yang bekerja
dalam komputer juga berdasarkan dua keadaan yaitu saklar
terbuka (0) dan saklar tertutup (1). Setiap sistem kuantum
dua keadaan disebut sebagai qubit. Berikut adalah penera-
pan fisis dari qubit yang telah berhasil :

11



Tabel 2.3 Realiasi Fisis Kuantum Komputer

No Sistem Fisis Sistem dua keadaan keadaan
10) 1Y)
1 NMR spin inti atom up down
2 | trapped ion, atom ne- | keadaan ion atau atom | Keadaan dasar Keadaan terkesi-
tral dalam potensial tasi
optik, rongga QED
dengan atom-atom
3 elektron spin elektron up down
Banyak elektron Tidak ada elek- | ada elektron
tron Tunggal
4 | keadaan koheren ca- | squeezed light amplitude phase squeezed
haya squeezed light light
5 | kisi optik spin atom up down
6 | josephson junction Qubit bermuatan su- | Tidak  bermu- | bermuatan
perkonduktor atan
Qubit fluks superkon- | Arus searah | Arus berlawanan
duktor jarum jam arah jarum jam
Qubit fase superkon- | Keadaan dasar Keadaan eksitasi
duktor pertama
7 | Pasangan kuantum | Lokalisasi elektron Elektron disebe- | Elektron disebe-
dot bermuatan tung- lah kiri dot lah kanan dot
gal
8 | quantum dot dot spin down up
9 | foton Pengkodean polarisasi | horizontal vertikal
Jumlah foton vakum Keadaan tunggal

time-bin encoding

Lebih cepat

Lebih lambat
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2.4 NMR (Nuclear Magnetic Resonance)

2.4.1 Presesi Larmor di dalam Medan Magnet Kon-
stan

Apabila ada momen magnetik yang ditempatkan dalam ru-
ang dimana terdapat medan magnet luar yang konstan yang
telah ditentukan sebagai arahsumbu-z, susuai dengan gam-
bar 2.1 yaitu sebagai berikut:

Gambar 2.4 Presesi Larmor

maka momen magnetik tersebut akan mengalami interaksi
dengan medan magnet luar sehingga mengalami presesi lar-
mor. Dimana besarnya medan magnet luar sebesar:

— ~

B = Byk (22)

Energi interaksi momen magnetik dengan medan luar diny-
atakan oleh hamiltonian sebagai berikut:

H = —/2 . B = —(ﬂoaz]%) = —/LQU()B(_) (23)

dimana o, merupakan matriks Pauli. Berikut adalah matriks
Pauli:

o, = [(1’ é] (24)
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apabila ditentukan bahwa
hwo

—Ho Bo=—~ (25)
maka hamiltoniannya dapat dinyatakan sebagai barikut:
hw
H= TOJZ (26)

kemudian apabila hamiltonian bekerja pada vektor keadaan
+)

HlZ) = "0, 1) = £70 ) (27)
maka didapatkan bahwa medan luar yang konstan menye-
babkan adanya dua tingkat energi pada sistem dengan kon-
disi awal dari vektor keadaan dinyatakan sebagai berikut:

[¥(0)) = al+) + 5]=) (28)

dengan o dan  merupakan koefisien kompleks yang memenuhi
kaidah |a|? + |3]? = 1 yang berevolusi terhadap waktu men-
jadi : , .

() = ae™2"[4) + Be 2 | ) (29)
maka didapatkan nilai ekspektasi momen magnetik sebagai
berikut:

(1) = 1o (D)|(02i + 0y + 0k (8) (30)
dimana & = 0,1 + ij + azl%, maka didapatkan
(1) = no(W(t)|owi + o) + o k|e(1)) (31)

maka nilai ekspektasi momen magnetik setiap sumbu adalah
sebagai berikut:

(o) = oW (t)|o (1) | |
— po((+late 2 + (=|B7e P o, (a%e T |4) + B

—1

1))
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mengingat bahwa o,|£) = |F), maka didapatkan bahwa

—iwgt

— po((+lame 3 + (=|B7e 3 ) (0% F =) + Bre 3 |+)
= po(a*a(+|=) + a*Be O (+]+) + Brae™ ! (—|=) + B*B(—|+))
— Mo(a*ﬁe—iwot + B*Ojeiwot

kemudian kita misalkan bahwa o = rqeily, 8 = rieify, 1y =
0, = 05, maka didapatkan

(fiz) = 2uorory cos(wot + 1) (32)

kemudian komponen ekspektasi nilai momen magnetik ter-
hadap sumbu-y adalah sebagai berikut:

(fy) = po(b(t)|oy |t (1))

—iwqt

= po((+lare 5 +(—|B e T o, (are | +)+ 8%
Yy

—iwgt

2 [=))

mengingat bahwa o,|£) = +i|F), maka didapatkan bahwa

= ipg((+|are 3 + (|7 ) (0% F | —) — Bre 5| +))
= ipp(aaf{+|=) — aBe” O (+|+) + frae(—|—) —
B*B(~|+))

— iuo(—Oé*ﬂe_iWOt + ﬁ*a€iw0t

kemudian kita misalkan bahwa o = rgei®, 3 = rie? ¢ =
0, = 6, maka didapatkan

(fiz) = —2puorory sin(wot + 1) (33)

kemudian komponen ekspektasi nilai momen magnetik ter-
hadap sumbu-z adalah sebagai berikut:

(1z) = po((t)]o=|¢ (1))
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iwgt

— po((Hlare 2 (= |37 T o (ae T |£)+ B

—iwgt

> [=))

mengingat bahwa o,|+) = +|4), maka didapatkan bahwa

—1

— po((Hlare s + (=87 ) (a%e T |H)—re 5 |-))

= po(eal+[+) + 5°B{—|-))
= po(laf* +8%)
maka didapatkan
(fiz) = po(laf® +|B]%) (34)

2.4.2 Teknik Rabi

Apabila sistem momen magnetik dipengaruhi oleh medan
magnet bergantung waktu yang tegak lurus dengan medan
magnet statis, katakanlah medan magnet yang bergantung
waktu adalah sebidang dengan bidang-xy, yang besarnya :

B, = By coswt i + By sinwt j (35)
maka besar medan magnet total adalah sebagai berikut:
By = By coswt i + By sinwt ] + Bok (36)

dengan demikian hamiltonian interaksinya adalah sebagai
berikut:

H=[-B ) A
H = py(o,t + 0yj + 0.k) - (B coswt i + By sinwt j + Bok)

maka didapatkan:
H = —puyBy coswt 0, — Bypigsinwt o, — poByo, (37)
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dalam keadaan sembarang setiap keadaan diberikan oleh ben-
tuk umum

¥ (1)) = a()]+) + B(1)]-) (38)

persamaan schrodinger untuk keadaan tersebut adalah

d
th—[¥(1)) = H[u (1)) (39)

maka dapat kita selesaikan terlebih dahulu secara terpisah
yaitu ruas kiri diselesaikan dulu kemudian ruas kanan kita
selesaikan, berikut adalah penyelesaian ruas kiri:

d o o
th=—[¥(t)) = ih &(t)|+) + b B(t)[-) (40)
dan berikut dalah penyelesaian ruas kanannya

H|y(t)) = (—poBy coswt 0,—Bypgy sinwt o,—pgBoo,)(a(t)|+)+
B#)-))

= —poBy coswt o, (a(t)|+) + B(t)|—))

—Bipo sinwt oy (a(t)|+)+6(t)|—))—HoBoo(a(t) |+)+
Bt)-))

= —poBi coswt (aft)|+) + B(t)|-))

— iBipg sinwt (a(t)|+)—B(t)|—)) —poBo(a(t)|+) —

BE)-))
= (—poB1 coswt a(t) — By sinwt aft) +
10Bo)|—)

+ (—poB1 coswt B(t)+ 1By sinwt B(t)—poBo)|+)
= —po(Bra(t)e™ — Bo)|—) — po(Bi(t)e™ + By)|+) (41)

maka ketika kita samakan antara persamaan 2.19 (ruas kiri)
dengan 2.20 (ruas kanan) maka didapatkan bahwa koefisien
masing-masing keadaan.
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untuk keadaan |+)

ZhOé(t) = —MQ(Blﬁ(t)Q_iwt + MoBoa(t))
i6(t) = 8L 3(t)c i — 8P

kita ingat kembali persamaan 2.4, maka kita dapatkan bahwa

id(t) = S8 = Za() (42)

untuk keadaan |—)

iBG(t) = —po(Frotle + uoBof(1)
iB(t) = el (r)e = — =aBo ()

kita ingat kembali persamaan 2.4, maka kita dapatkan bahwa

w1

ip(t) = 704(15)6’“” -

wo

2 51) (43)

untuk mempermudah perhitungan maka dilakukan peruba-
han koefisien kompleks yaitu sebagai berikut:

G(t) = a(t)es

B(t) = B(t)e

maka apabila kita turunkan koefisien tersebut satu kali ter-
hadap waktu diperoleh

a(t) = b(1)e’® + La(t)et
B#) = (o) 2 — (e ¥ (14)
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kemudian kita subtitusikan persamaan 2.21 dan 2.22 ke per-
samaan 2.23, maka didapatkan hasil sebagai berikut:

i) = 5 8(0) + =~ alt)
Blt) = Sralt) = 5= B() (45)

maka kita dapatkan hamiltonian dalam bentuk matriks yaitu
sebagai berikut:

L d
HIb(8) = ih- v

=

2
_ith jwy —w w aft)
2i | w1 —(wo—w)| |B()
sehingga diperoleh bentuk hamiltonian sebagai berikut:

H:E Wy — W Wy
21 w  —(wy—w)

_ hjwy —w 0 +EL 0 wp
2 0 —(wp — w) 2w 0

sehingga diperoleh

h h
H=—(wy—w) o, + zwio, (46)
2 2
kemudian kita turunkan koefisien kompleks o dan [ satu kali
lagi terhadap waktu maka kita dapatkan

Wy — W .
t
5 o)

(1) = — 5 8(0) +
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w1 Wy — W

Bty = Sra(t) - 250 (a7)

kemudian apabila kita subtitusikan persamaan 2.24 ke per-
samaan 2.26 maka kita dapatkan

(1) = — 710 — w)? + wHla(?)

Blt) = —3 (w0 — ) +36(0) (15)

kita definisikan bahwa w? = [(wy —w)? 4+ w}], maka diperoleh

a(t) + (5)%a(t) = 0
B(t) + (578t = 0 (49)

sebagaimana kita tahu bahwa solusi dari persamaan 2.28
merupakan kombinasi sin dan cos, yaitu sebagai berikut:

t t
at) = A;sin iy Ay sin i
2 2
t t
B(t) = Azsin % + Aysin % (50)

dimana A, Ay, Az, A, merupakan konstanta, misalkan dalam
keadaan spin up memiliki kondisi sebagai berikut:

a(0) =1dan 5(0) =0
maka kita dapatkan

0.t 0.t
a(0) = A; sin - + As cos 5

1=A;sin0+ Aycos0
1:142
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dan

t t
£(0) = Agsin 07 + Ay cos 07

1= A3sin0+ Ascos0
1=A,

sehingga persamaan 2.29 menjadi berikut

wt wt
at) = A181n7 —i—cos?
wt
B(t) = As sm? (51)

untuk mendapatkan A; dan A3 maka dipakai syarat orthonor-
malitas yaitu sebagai berikut:

= (®(O)[¢(t))

1= ((+la" (e +(=|8° (1) ) (a()e ™ |+) + B(t)e ™ |-))
1= a*(t)alt) + <> (t)

Ot Qt Qt

1=(A"sin % + cos —)(A1 sin 5 + cos 7) + Az* Az sin® 5
Qt o QU o Qt
= (AL |* + |A3]?)sin? 5 + cos® 5 + (A1 + A" )sin;cos;

maka dapat kita selesaikan terlebih dahulu yang bagian tidak
konstan harus dibuat nol, yaitu sebagai berikut:

Ot Ot
(A1 + A;") sin 5 oS5 = 0A; + A" =0

sehingga
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hal ini dapat terpenuhi jika A; merupakan perkalian bilan-
gan imajiner dengan bagian imajiner suatu bilangan kom-
pleks yang bagian rielnya berinilai nol (imaginer murni).

Ay =iA; (52)

Kemudian yang bagian konstan dapat kita selesaikan, yaitu
sebagai berikut

o (U
2

maka kita dapat menggunakan kaidah sin? §+cos? = 1, maka
dengan nilai dari

Qt
— (|A1]2 + \Ag\z)sin 5 + cos?

[Aif* + |4 =1 (53)

persamaan 2.32 dapat dinyatakan dalam bentuk (“520)% +
(44)? dan dipenuhi oleh A; dan Aj yaitu

w—w
Alzl Q 0
W1
Az = —i— 4
3 ) (54)

berdasarkan persamaan 2.31 dengan 2.32 maka didapatkan
keadaan awal spin adalah sebagai berikut:

at) = el sin% + cos L
0 2 t
Qt

maka dengan demikian diperoleh set lengkap keadaan adalah
sebagai berikut:

— Ot Ot
|4) :iw ! sin — + cos — |0)
) 2 t
(56)
— % gin 2y
Q 2



apabila kita ingin mengukur spin dari keadaan negatif |—) =
|1) maka
Ot
(1) = —z’% sin - (57)
dan apabila dihitung probabilitas spin flip dari keadaan up
ke keadaan down maka diperoleh :

Py = (1) |2 (58)
<wl>2sin2 o

Q

2

berdasarkan pers. (58) maka dapat diambil suatu keadaan
khusus yaitu sebagai berikut:

1. apabila |wy — wi| >> w maka didapatkan spin flip
dari keadaan up ke keadaan down memiliki probabili-
tas yang kecil, artinya sebagian besar masih tetap pada
keadaan semula. (gambar a)

2. apabila w = wy maka pada waktu tertentu nilai proba-
bilitas spin flip dari keadaan up ke keadaan down dapat
bernilai 1, berikut adalah fungsi waktu untuk spin flip
keadaan up ke keadaan down

2 1
p, = @ntm (59)

w1
dengan n=0,1,2,.. (gambar b)

3. apabila |w, — w;| &~ w maka spin flip dari keadaan up
ke keadaan down memiliki probabilitas kurang dari 0.5
(gamabr ¢)

berikut adalah grafik probabilitas spin flip dari keadaan up
ke keadaan down dari kondisi-kondisi diatas:
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-1.0

Gambar 2.4a Probabilitas untuk |wg — wi| >> w

/ 1)
20

-10

Gambar 2.4b Probabilitas untuk w = wy

-10

Gambar 2.4c Probabilitas untuk |w, — w;| ~ w
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BAB III

ALGORITMA DEUTSCH DAN
DUETSCH JOSZA

sebelum membahas tentang algoritma Deutsch dan Algo-
ritma Deutsch-Josza diperlukan untuk membahas terlebih
dahulu tentang register, yaitu sebagai berikut:

3.1 Register
3.1.1 Register Qubit Tunggal

Pada algortima Deutsch register yang diperlukan adalah reg-
ister qubit tunggal dikarenakan Algortima Deutsch berfungsi
untuk memetakan input qubit tunggal ke output qubit tung-
gal. Maka registernya adalah sebagai berikut: |0) dan |1)
sedangkan set lengkap dari keadaan adalah sebagai berikut:

[¥) = al0) +b[1) (60)

3.1.2 Register Qubit Jamak

Sebelum membahas tentang register pada qubit jamak maka
diperlukan terlbeih dahulu pemahaman tentang keadaan ter-
belit dan paralelisme kuantum. Keadaan terbelit dan
Paralelisme Kuantum

Keadaan Terbelit

keadaan terbelit kuantum adalah fungsi keadaan yang tidak
dapat di pisah menjadi perkalian direct product:

) # [¥1) @ |ih2) (61)

contoh

0) = == (100} + 1) (62)

S
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Paralelisme Kuantum
Diberikan suatu fungsi f(x) yang membangun suatu sirkuit
kuantum Uy_._ y yang bekerja sesuai dengan persamaan berikut:

lzy) — |y © f(z)) (63)

berikut adalah beberapa contoh keadaan paralelisme kuan-
tum:

a) b)

— —
[x> [x> x> [x>
Uten UteN
y>— lye f{x)> 0> lye fix)>
—/ -

1
7

(10f () +11f(1)))

Gambar 3.1 Paralelisme Kuantum

berdasarkan gambar diagram diatas maka dapat diketahui
bahwa sirkuit memiliki masukan |z) dan |y) dan memiliki
keluaran |zy @ f(z)) (gambar a), untuk (gambar b) masukan
ly) = |0) maka sirkuit akan meiliki keluaran |z f(z)) sedan-
gkan pada (gambar c) sirkuit memiliki kedua masukan |0)
namun salah satunya melewati gerbang hadamar sehingga
keluaran sirkuit adalah \/LE (10£(0)) +|1f(1)))
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3.1.2a Register 2 Qubit

dalam register 2 qubit masukan merupakan superposisi keadaan
yaitu berupa direct product:

100) = [0) ©[0) = (64)

o O O

sedangakn dalam 2 qubit berikut adalah kemungkinan keadaan
yang terjadi |00),]01),]10),|11), secara lengkap dapat dit-
uliskan dalam bentuk

WJ) = Qo |00> + a |01> + as |10> + ay |11> (65)

3.1.2b Register 3 Qubit

Register 3 qubit masukan keadaan berupa |000) , |0001) , ..., [111)
maka secara lengkap set keadaan dapat dituliskan sebagai
berikut:

66
+ a4 |100) + a5 |101) + a6 |110) + a7 |111) (66)

3.1.2c Register 4 Qubit

Register 4 qubit juga terdiri dari 4 direct produc t dari
keadaan yaitu sebagai berikut [0000) , |0001),...,{1111) den-
gan demikian set lengkap dari fungsi keadaan untuk 4 qubit
dapat ditulis sebagai berikut:

|4} = ag [0000) + aq [0001) + a5 |0010) + ag [0011)
+ a4 [0100) + a5 |0101) + ag [0110) + a7 [0111)
+ ag |1000) + ag |1001) + a0 [1010) + aq; [1011)
+ a12 |1100) + a13 |1101) + @y [1110) + ays [1111)

(67)
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3.2 Alogaritma Deutsch

Algoritma Deutsch merupakan algoritma kuantum yang per-
tama yang mana algoritma ini jauh lebih efisien daripada al-
goritma pada perhitungan klasik, Untuk memudahkan pema-
haman maka kita misalakan f : (0,1) — (0,1) adalah fungsi
biner maka fungsi tersebut hanya memiliki 4 kemungkinan
yaitu :
fi:0-0,1—=0
fo:0—=1,1—=1
f3:0—=-0,1—1
f1:0—-0,1—=0

(68)

fungsi f; dan f merupakan fungsi tetapan sedangkan f3 dan
f1 merupakan fungsi setimbang. maka perlu dilakukan dua
evaluasi untuk mengetahui bahwa fungsi f merupakan fungsi
klasik atau fungsi setimbang.

- Y
0> H [H] (I +|0> — konstan
| — Ut.e-N — t|1> — seimbang
> [0>—=|1>
11 H
- — V2

Gambar 3.2 Skema Algoritma Deutsch

Algoritma kuantum yang paling sederhana untuk mengeval-
uasi fungsi f adalah algoritma Deutsch, sehingga dapat menen-
tukan fungsi f merupakan tetapan atau setimbang, Evalu-
asi dapat dimulai dengan memasukkan qubit [01) Katakan-
lah |¢;, = |01) merupakan keadaan masukan yang dikenai
dengan operator Hadamard menghasilkan keadaan yang lain
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katakanlah |¢) Maka Nilainya adalah

¢1) = H @ H|01)

~ o) o H]1)
1 1
_ E(|0> + |1>)ﬁ(|0> +11))
= 2(100) — Jo1) +[10) — 1) (69)

kemudian kita dapat menerapkan operasi f pada keadaan
|¢1) dalam suku operator uniter Uy

Uslry) = loy © f(x)) (70)
maka operasi mendapatkan hasil

|th2) = Uylehn)
= SU5(00) — [01) + 10} — [11)

|2) = %(!0>\f(0)> = [0)1£(0)) +11) + [ F (1)) = 1) = F(1)))
(71)

dimana — f(z) bukan merupakan f(z)
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selanjutnya kita terapkan gerbang hadamard pada qubit
perrtama dan gerbang identitas pada qubit kedua

[93) = H ® I [thy)
= S H @ I(]0) [£(0)) —[0) [£(1)) + [1) [f(1)) — [1) [=f(1))

[N =

(H [0) @ I'f(0)) = H[0) @ I[=£(0)))
SHHTf1) - H[1) @ T[-f(1)))

DO | H[\g|

_ % [(10) + 1)) 17 (0)) = (10) + 1)) |=£(0))]
+ 5 100) = 1) £ + (0) — [1) |~ F(D)]

— Y2 (o) + 1)) (£(0)) ~ [~ O]

5 100) — 1) () — [=F ()]

|th3) merupakan output yang dapat mengetahui fungsi f itu
konstan atau setimbang.
misalkan f(0) = f(1) maka f konstan, sehingga:

) = Y2 1000) + 1)) (1£(0)) — |- F(O))]
21010y = 1) (1£(1) = [—£(1)))

2 0) 4 11) +[0) — [1)) (1£(0)) — |~ £(0))) (73)

%I%I&%I%Hﬂglﬂ

210) (17(0)) = = £(0)))
5100 (1£(0)) = [=£(0)))
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sedangkan untuk f merupakan fungsi setimbang dimana f(0) =

—f(1) dapat diuraikan sebagai berikut:
) = Y2 1(10) + 1)) (1(0)) = |- ()]

[(10) = 1) (1F(1)) = [=f(1)))]

(10) + 1) = (J0) = [1))) (1£(0)) = [=f(0))) (T4)
211) (1£(0)) — [=£(0)))

1) (17(0)) = 1=1(0)))

berikut adalah rincian luaran untuk setiap f: untuk f;(0) =
0

wﬁﬂ§ﬂsﬂﬁ%h

1
[Your) = —=10) (10) = 11))
v2 (75)
—= (/00) —101))
\/_
untuk f»(0) =1
[Yout) = —= (1) (10) — |0))
f (76)
= _ﬁ (100) —[01))
maka didapatkan bahwa f, = —f; kemudian untuk fungsi

yang setimbang didapatkan rincian sebagai berikut: untuk
f3(0) =
[Your) = —= 1) (10) — [1))

5 (110) — 1)

(77)

Sl-al-
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untuk f4(0) =1

1
|thout) = NG 1) (I1) = 10))
1

= \/5(|10>— 11))

maka didapatkan bahwa f, = — f3.

3.3 Algoritma Deutsch Josza pada sistem 2
qubit

algoritma Deutsch-josza merupakan perluasan daripada al-
goritma Deutsch, yaitu dengan masukan n-qubit untuk memetakan-

pada qubit tungal. misalkan kita memiliki suatiu kotak hi-
tam untuk 2 qubit maka kita mendapat masukan:

) = [z10) = |00) 4 [01) + [10) + |11)

dari masukan tersebut dapat dibuta tabel kemungkinan un-
tuk fungsi-fungsi konstan dan setimbang yakni sebagai berikut:

fungsi | |00) | [01) | |10) | |11)
fro 0 0 0 0
Jr 1 1 1 1
fsl 1 1 0 0
fs2 1 0 1 0
fsS 1 0 0 1
fsa 0 1 1 0
fs5 0 1 0 1
fs6 0 0 1 1

berikut adalah diagram algoritma Deutsch-Josza 2 qubit :
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S
—
10> % g ( +(00> — konstan
. lain £|00> — seimbang
0> IEI Ut.en H]| se
> [E] [0>—[1>
il | ‘E

\ULig Wi W2 Wi

Gambar 3.3 Algoritma Deutsch-Josza 2 qubit

kemudian kemungkinan-kemungkinan fungsi konstan dan se-
timbang diatas di evaluasi sebagai berikut: maka kita defin-
isikan terlebih dahulu untuk masukan, dengan syarat bahwa
dalam algoritma Deutsc-jozsa diberikan qubit tambahan den-
gan keadaan |1) maka dengan demikian didapatkan :

[¥in) = 10) ©[0) @ |1) = |001) (79)

kemudian diaplikasikan transformasi walsh-Hadamard dida-
patkan:

[v1) = H® H ® H |in)
—HM@HM@HM

~(10) + 1)) (0) + 1) (10} — 1)

[1000) — [001) + [010) — |011)]

(80)

[1200) — |101) + |110) — |111)]

I\ | )
wies| %?w| — M\ca|
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kemudian diterapakan u; pada |¢;) daan didapatkan:

|2) = Uy [1)
_ i [U'|000) — U |001) + U |010) — U [011)]

L w)100) — U101y + U [110) — U [111)]
(000 & f(00)) — |001 & f(00)))
(1010 & £(01)) — |011 & £(01)))
(1100 & £(10)) — [101 & £(10)))

(110 f(11)) — 111 & f(11)))

00) (10 /(00)) ~ 1@ (00))) 1)
01) (J0® f(01)) ~ [1 @ £(01)))

\V] \V] \V] [\) \) \V] \V] \V] \V] 1\3
w\w| = w\w| = w\w| = %‘Dw| — t\:\u| = t\:\w| = w\w| = %?w| — w\w| = w\w| = w\w| = [E:‘Jw| — N\O«

10) (|0 ® f(10)) — [T @ f(10)))

+

+

1) (0@ f(11)) — [T @ f(11)))

00) (1£(00)) = [=£(00)))
01) (|£(01)) — |=f(01)))
10) (£ (10)) — [=£(10)))
1) (1F(1)) = [=f (A1)

+

_|_

_|_
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kemudian diterapkan kembali transformasi walsh hadamard
maka diperoleh:

|hs) = (fr ® H®I) |y
= eH )@ H[0) @ 1(1(00)) ~ |~ £(00)
+ Q%H 0) ® H 1) ® I (|f(01)) — |- F(01)))
+ %H 1) @ H[0) @ I (|f(10)) — |- £(10)))

+ s e H[) (/1)) = |-f(11)))
(10) +119) (10) + 1)) (1 £(00)) = [=£(00)))

(10) +11)) (10) = 1)) (|5(01)) = |=f(01)))

+

[\ [\ [\ [\ [\ DO [\
w\cn| = M\cn| — w\cn| = l;‘?m| — w\os| — M\w| = w\c.o| — [:,?w| = w\w| —

(10) = 1)) (10) + 1)) (|5 (10)) — |=f(10)))
(10) = 1)) (10) = 1)) (L (1)) = |=f(11)))
(100) + |01) + [10) + |11)) ([£(00)) — |=f(00)))
(100) — |01) + [10) = [11)) (| (01)) = |=f(01)))
(100) +101) = [10) = [11)) ([£(10)) — [=f(10)))

_|_

(100) —[01) = [10) + [11)) ([f(11)) — [=f(11)))
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(100) [[£(00)) = [=(00)) + | £(01)) — |=f(01))])
(100) [[£(10)) = [=/(10)) + | F(11)) — |=f(11))])
(101) [[£(00)) = |=£(00)) — |£(01)) + [=£(01))])
(101) [[f(10)) = |=f(10)) — |F(11)) + [=f(11))])
o7 (10} [1£(00)) = [=£(00)) + [£(01)) = [=£(O1))]) "
o7 (10} [1£Q10)) + 1= £(10)) = [F (1)) + [=F(11))])
(M) [[£(00)) = |=£(00)) — |£(01)) + [=£(01))])

o7 (MO [1£Q10)) + = £(10)) + £ (11)) = [= (1))

[\ [\ DO [\)
mc.n| = el M\cn = w\m = Nl e 7 oeie| %‘?m| —

kemudian dievaluasi untuk setiap fungsi konstan dan setim-
bangnya.

untuk fungsi setimbang maka kita dapat mengambil bahwa
f(00) = f(01) = f(10) = f(11) maka dengan demikian di-
dapatkan persamaan |i¢3) untuk fungsi setimbang sebagai
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berikut:
[¥3) = == (100) [|/(00)) = [=£(00)) +[f(00)) — [=£(00))])
00) [+ 1£(00)) — [=£(00)) + [£(00)) — [=F(00))])
(101) [[(00)) = |=£(00)) — |£(00)) + [=£(00))])
57 (01 [1£(00)) = |=£(00)) = 1£(00)) + [=£(00))])
57 (10} [1£(00)) = = £(00)) + [£(00)) = [=£(00))])
o7 (10} [1£(00)) +|=£(00)) = 1£(00)) + [=£(00))])
5 (111 [[£(00)) = [=£(00)) = [£(00)) + [=F(00))])
5 (IL1) [[£(00)) + |=£(00)) + [£(00)) = [=£(00))])

4(100) [[£(00)) = [=£(00))] + |01).0 4 [10) .0 + |11) .0)

[\
w\m| =

+

[\S) \) N} (\&) —~ N
— m\o\ = ele| o] F w\cn = m\cn = to\cn T o]

(100) [[£(00)) = |=(00))])

\/_
untuk fungsi konstan f;(00) = 0, kita dapatkan
1
|¢3) = —=100) [|0) — [1)]
v (84
— (/000 001
\/— [1000) — |001)]
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sedangkan untuk fungsi setimbang f>(00) = 1 maka didap-
atkan:

s} = —= 100} [12) — |0}
f (85)

= —E [/000) — |001)]

maka dengan demikian didapatkan bahwa |¢,u2) = — [out1)-
untuk fungsi setimbang, diambil contoh evaluasi untuk

fsdan f11, yaitu sebagai berikut:

untuk fg diketahui dari tabel bahwa fs(00 = f3(10) = 1 dan

fs(01) = fs(11), maka dengan demikian didapatkan:

[93) =
(101) [1) = 10) = 10) + [1) + |1) — |0) = [0) + [1)])
(110} [[1) = 10) +10) = [1) = [1) +10) = [0) + [1)])
(M) {[1) = 10) = 10) +[1) = [1) +10) +[0) = [1)])

4101) (1) = 10))

[N} [N} [\ [\ N
— w\m| = wla| T ole| Y oeie| N

=7 (011) —1010))

(100) [[1) = 10) +[0) = |1) + [1) = [0) +10) — [=1)])

(86)

sedangkan untuk fugnsi setimbang fi; diketahui bahwa f1;(00) =

f11(10) = 0 dan f1;(01) = f1;(11) = 1, sehingga didapatkan
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sebagai berikut:

) = 5 (100} 0) — 1) +
+ 201} [0) - 1
42 () [0) = 1) +

4z () [0) = 1) -
Qig 01) ()~ 1)
= ——5 (o11) — j010)

maka dengan demikian diperoleh bahwa |1g,111) = —

1) —10) +10) —

— 1) +10) +10) -

1) +10) =10) + 1) + 1) —

1) +11) -

0)])

1) = [1) +10)])

1) = 10) = 10) + 1) = 1) +0)])

(87)
0)])

|¢out8> .

untuk selanjutnya juga dilakukan evaluasi terhadap fungsi-
fungsi setimbang yang lain dan di dapatkan bahwa

]00)[ ﬂ'”]

|00> |0>\/§\1>

—[10) [ #7 |

_on (o=

[Youe) = {_:Hi o]
[ V2|

’11> \0>\}2|1>

jo1) | B

10) 124

[~
Il

untuk fro
untuk fr1
untuk fs
untuk fso

untuk fs3
untuk fqy
untuk fs
untuk fsg
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3.4 Algoritma Deutsch-Jozsa pada sistem 3
qubit

inti daripada algoritma Deutsch-jozsa adalah memetakan qubit
banyak ke qubit tunggal. Dalama sisttem 3 qubit kotak hi-
tam memiliki masukan keadaan:

V) = |xam120) = |000) + |001) + |010) + |011)

89
+[100) 4 [101) + |110) + [111) (89)

berdasarkan masukan tersebut maka dapat dibuat tabel kemungkinan-
kemungkinan fungsi konstan dan setimbang dalam sistem 3

qubit yaitu sebagai berikut:

Tabel 3.2 Kemungkinan Fungsi-Fungsi Kotak Hitam Pada

sistem 3 qubit

|$2$1l’0>

000)

o
o
=
[N}
w
S
ot
(=)
=~
[o2d]
©

olololololo ol o=
P—‘}—‘Hlﬁl—‘)—‘ﬁ—‘ﬁ—‘;h
olol |k~ ~| ol ol=
—| oo —|o|~|~|olar
ol = =| ol —| ol ~|olir
—| ool —|~| o ~| ol
| o | =~ o o olar
=] =] o —| o ool
=] o —| ol —|ololx

ol —| o= o~ —=|o|ar
ol = o~ ololar

/000>  — konstan
selain /000> — seimbang

[0>=]1>
N

Gambar 3.4 Algoritma Deutsch-Josza 3 qubit

40



misalkan qubit masukan memiliki keadaan

[Yin) = 10) ® 10) ©0) ® [1) =

10001)

(90)

dari qubit masukan tersebut diaplikasikan transformasi Walsh-
Hadamard dan didapatkan :

1) =

(H®H®H® H)[tin)

:H|0)®H|O)®H|O)®H|1)

%IH%I%—‘%H—‘.&IH%I

[10000) —

[10100) —

[11000) —

[11100) —

0001) + |0010) — [0011)]
0101) + |0110) — [0111)]
11001) + |1010) — [1011)]

11101) + [1110) — |1111)]

= [(10) + 1) (10) + 1)) (0) + 1)) (10) — [1)]

kemudian diaplikasikan operator u; pada |¢q) sehingga di-
dapatkan:

|1/12> =

1

7 [U]0000)

1
+ - [U]0100)

1
+ 7 [U]1000)

1

- 11
+ 7 [U/1100)

— U0101) + U |0110)

— U [1001) + U [1010)

— U [1101) + U [1110)

41

U |0001) + U [0010) —

U 0011)]

— U [0111)]
— U [1011)]

— U [1111)]



[10000 & f(000)) —
10010 @® £(001)) —
10100 @ £(010)) —
10110 ® £(011)) —
(11000 & £(100)) —
11010 & £(101)) —
(11100 @ f(110)) —

11110 @ f(111)) —

»J>I»—whl»—wJ>I»—»hlr—wblb—rhl»—wblr—*qMH»hlH%IH%IH»&IH%IH»&I»—H&IHAMH
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[1000) (|0 & f(000)) —
[1001) (J0 & f(001)) —
[1010) (|0 & f(010)) —
[l011) ([0 @ f(011)) —
[1100) (|0 & f(100)) —
[1101) ([0 @ f(101)) —
[1110) (|0 @ f(110)) —

[111) ([0 f(111)) —

0001 & £(000))]
0011 & £(001))]
0101 @ f(101))]
0111 @ f(011))]
11001 @ £(100))]
11011 @ f(101))]
1101 @ f(110))]
11111 @ f(111))]
[1& f(000)))]
1@ f(001)))]
1® f(010)))]
1@ f(011)))]
1@ f(100)))]
1 f(101)))]
1@ f(110)))]
1@ f(111)))]



4>|>—‘H>|H4>|P—‘H>|HH>|>—‘A>I}—‘H>IHH;|H
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[1000) (1.£(000)) —
[001) (]£(001)) —
[1010) (1£(010)) —
[1011) (]£(011)) —
[1100) (£(100)) —
[1101) (]£(101)) —
[1110) (]£(110)) —
[1111) (| (111)) —

|—£(000)))]
[—£(001)))]
[—£(010)))]
[—£(011)))]
|—/(100)))]
[—£(101)))]
[—/(110)))]
[—F(111)))]



kemudian diaplikasin transformasi walsh-hadamard lagi se-
hingga didapatkan|is), yaitu sebagai berikut:

[v3) = (H® H® H 1))

_ i [H |0) @ H [0) ® H [0) ® I (|£(000)) — | £(000)))]

+ L [H0) @ H [0) © H 1) © 1(17(001)) ~ | £(001))]

+ 3 IH10) ® H 1)@ H|0) T (£(010)) - |~ f(010))]

10 ® H 1)@ HIL) ® 1 (£011) - |- f011)))

+ I ® H0) @ H10) ® T (£(100)) - |~ £(100))]

I ® H )@ H|1) ® 1 (£(101) - |~ £(101))

I ® H 1)@ HI0) 1 (£(110)) - |~ f(10)
1

+HD) @ 1)@ H 1) (|f(111) - |- f(111)))]
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+ o+ o+ o+
[\ (] N\ [\ (N [\)
e e L e e e R A

+

[SIEN]

(\]

[(10) +11)) (10) + 1)) ([0) + [1)) (|£(000)) — [=F(000)))]
[(10) + 1)) (10) + 1)) ([0) = 1)) (|£(001)) — | (001)))]
[(10) +11)) (10) = [1)) (10} + [1)) (|£(010)) — | = f(010)))]
[(10) +11)) (10) = [1)) (10) — [1)) (|£(011)) — |=f(011)))]
[(10) = 11)) (10) + 1)) (10) + [1)) (| (100)) — | = f(100)))]
[(10) = 11)) (10) + 1)) (10} — [1)) (| f(101)) — | = f(101)))]
[(10) = 11)) (10) = [1)) (10) + [1)) (| £(110)) — | = f(110)))]
[(10) = 11)) (10) = [1)) (10) = 1)) ([f(111)) — |=f(111)))]
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9¥

\ ~

[(]000) + |001) 4 |010) + [011) + [100) + |101) + |110) + |111)) (| £(000)) — |—£(000)))]

AN

2
[(]000) — |001) 4 |010) — |011) + |[100) — |101) + |110) — |111)) (] £(001)) — |—£(001)))]

[(J000) 4 ]001) — |010) — [011) 4 |100) + |101) — |110) — [111)) (| £(010)) — |—£(010)))]
[(J000) — |001) — |010) + [011) 4 |100) — |101) — |110) 4 [111)) (| f(011)) — |—F(O11)))]
[(J000) 4 ]001) + |010) + [011) — |100) — |101) — |110) — [111)) (| £(100)) — |- F£(100)))]
[(J000) — 001 + |010) — [011) — [100) + [101) — |110) + [111)) (| £(101)) — |—F(101)))]

[(]000) + |001) — |010) — |011) — [100) — |101) + [110) + |111)) (| f(110)) — |—f(110)))]

[N} [\ [\) [\) [\) [N}
‘ = MN‘ = MN‘ = MN‘ = MN‘ = l\')\\l‘ = M\\I‘ =

(1000} — J001) — 010) — [O11) — [100) — [101) — [110) — [111)) (|f(111)} — |- f(111)))]

[\
[N



[1000) (1.£(000)) — [=£(000)) +[£(001)) — [=F(001)))]
[1000) (1/(010)) — [=£(010)) + [f(011)) — [ f(011)))]
57 [1000) (1£(100)) = |=£(100)) + |£(101)) = |=F(101)})]
57 [1000) (1 (110)) = |=f(110)) + | f(1L1)) = |=F(111)))]
57 [1001) (1£(000)) = |=£(000)) = |£(001)) + | = F(001)))]
o7 (001 (1£(010)) = | =£(010)) = [F(O11)) + | =F(O11)))]
o7 1001) (1£(100)) = |=£(100)) = |F(101)) + | =F(101)))]
[1001) (1/(110)) — [=f(110)) — [f(111)) + [=f(111)))]
[1010) (1./(000)) — [=£(000)) + [f(001)) — [=F(001)))]
[1010) (= [£(010)) + |=f(010)) = [f(011)) + [=f(011)))]
[1010) (1./(100)) = [=F(100)) + [f(101)) — [=F(101)))]
[1010) (= [f(110)) + |=f(110)) = [f(111)) + [=f(111)))]
o7 [O1D) (1£(000)) = |=£(000)) = |£(001)) + |=F(00L)))]

) ) ) ) ) DO )
MH| = [SIEN = [N = NI = [ MBS = [ MBS = l\)\\l = l\)\\l = N\\I = l\)\\l = w\«l — [N = M\\l| —
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[1011) (= [£(010)) + |=f(010)) + [f(011)) = [=f(011)))]
[1011) (]£(100)) — [=F(100)) — | f(101)) + |=f(101)))]
[1011) (= [£(110)) + |- f(110)) + [f(111)) — [=f(111)))]
57 [1100) (1£(000)) = |=£(000)) + |£(001)) — |=F(001)})]
[1100) (1/(010)) — [=£(010)) + [f(011)) — [ f(011)))]
[1100) (= [£(100)) + |=f(100)) — | £(101)) + [=f(101)))]
57 [100) (= [F(110)) + | = £(110)) — [F(111)) + | = F(111)))]
o7 (101 (1£(000)) = |=£(000)) = |£(001)) + |=F(001)))]
o7 (10D (1£(010)) = |=£(010)) = [F(O11)) + | = F(O11)))]
o7 (100 (= [£(100)) + |=£(100)) + [F(101)) — | = F(101)))]
[1101) (= [£(110)) + |=f(110)) + [f(111)) — [=f(111)))]
[1110) (1/(000)) — [=£(000)) + [f(001)) — [=F(001)))]
[1110) (= [£(010)) + |=£(010)) = [f(011)) + [=f(011)))]
[1110) (= [£(100)) + |=f(100)) = [f(101)) + [=f(101)))]

[\] [\] ] [\] [\] (\V] (\V] (\V] [\) [\]
[SIEN] = [SIEN] — [VIENG = [VIENG — [SIENG — l\)\\l = IO\\I = m\«] — 1\3\\1 = [SIENG = [SIEN] = t\)\«l = [SIEN] = [SIEN] — [SIEN] —

[1110) (|£(110)) — [=f(110)) + [F(111)) — | = f(111)))]
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[IT11) (]£(000)) — [=£(000)) — |£(001)) + |—f(001)))]
[1111) (= [£(010)) + |=f(010)) + [£(011)) — [ f(011)))]
[1111) (= [£(100)) + |=f(100)) + [f(101)) — [=£(101)))]
[111) (f(110)) — [=f(110)) — [f(111)) + [ f(111)))]

[\ [\ [\) [\)
M\ﬂ| — MH| = MH| = o] F

apabila f merupakan fungsi konstsan maka f(000) = f(001) =

f(010) = f(011) = f(100) = f(101) = f(110) = f(111) se
hingga didapatkan'

|thout) = [|000> (1£(000)) — [=f(000)}) + |001) .0 + [010) .0 + |011)

2% |000) [|.f(000)) — |—£(000))]
= E 1000) [ £(000)) — [—£(000))]

apabila f merupakan fungsi konstan f;0 = f(000) = 0 maka
didapatkan:

1
7 1000) {|0) — [1)] (94)

dan apabila fungsi f merupakan fungsi konstan f; = f(0000) =
1 maka didapatkan :

|wout> =

[Yout) = \/— 1000) [|0) — [1)] (95)

maka dengan demikian didapatkan keluaran [1yu1) = — |Youto)
kemudian apabila fungsi f merupakan fungsi yang setim-
bang kita misalkan untuk f; dimana f3(000) = f3(001) =
£5(010) = f5(011) = 0 dan’ f5(100) = f3(101) = f5(110) =
f3(111) = 1 maka :
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09

| wout >

[1001) (]0)

[l011) (]0)

1\3 o w w [\3 ro
[SIENG = m\«] = l\)\\l = [SIEN] = [SIENG — [SIENG = [S]EN] = MH‘ -

sehingga didapatkan

[1000) (|0) —

[1010) (10) —

[1100) (10) —
[[101) (|0) —
[1110) (10) —

[1111) (10) —

1) +10) = 1) +10) = [1) +[0) = [1) +0) = [1) +[0) — [1) +10) — |1} +[0) = [1))]

= 1) = [0) + 1) +10) = [1) = 0) + [1) +[0) = |1) = [0) +[1) +[0) = [1) = [0) + [1))]

1) +10) = [1) = 10) + 1) = [0) + [1) +[0) = [1) +[0) = [1) = [0) + [1) = [0) + |1))]

= 1) = [0) + 1) = [0) + [1) +10) = [1) + [0) = |1) = [0) + [1) = [0) + [1) +[0) = [1))]

(96)
1) +10) = 1) +10) = [1) +[0) = [1) = |0) + [1) = [0) +[1) = [0) + |1) = [0) + |1))]

1) = 10) + 1) +10) = [1) = [0) + [1) = |0) + [1) +[0) — [1) = [0) + |1} +[0) — |1))]
1) +10) = [1) = 10) + 1) = [0) + |1) = [0) +[1) = [0) 4 [1) +[0) = [1) + [0) — |1))]

1) = 10) + 1) = 10) + 1) +[0) = |1) = [0) +[1) +[0) = [1) +[0) = [1) = [0) + |1))]

Is

2* [100) {10} — 1)) = — [100) [0} — [1)] (97)

|’¢out3> - ﬁ

[SIEN

2



3.5 Algoritma Deutsch-Josza Pada sistem 4
qubit

Dalam aplikasi algoritma 4 qubit maka langkah yang harus
kita cari pertama kali adalah kemungkinan -kemungkinan

fungsi konstan dan fungsi setimbang, yaitu sebagai berikut:
sebelumnya kita definisikan bahwa qubit masukan

|¥) = |w3x9m10) (98)

maka dapat kita ambil beberapa kemungkinan untuk fungsi
konstan dan fungsi setimbang yaitu sebagai berikut:

fro=0 (konstan0)
Jrn =1 (konstanl)
fso = 3 (setimbang0)
Js1 =21 @ T (setimbangl) (99)
fo =120 11 @1y (setimbang?2)
fss=x3D a2 D11 D1 (S€timbang3)
foa = 2221 B 2 (setimbang4)

maka dapat kita buat tabel untuk contoh fungsi-fungsi kotak
hitam di atas, yaitu sebagai berikut:
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|$3I2$1$0> Jro | i | Joo | fs1 | fso | fs3 | foa
|0000) 0 1 O} 0] 0} 07]O0
|0001) 0 1 0] 1 1 1 1
|0010) 0 1 0] 1 1 110
|0011) 0 1 O] 00| 0]1
|0100) 0 1 0101 110
|0101) 0 1 O] 10071
|0110) 0 1 O] 1[0 0]1
|0111) 0 1 0101 110
|1000) 0 1 117010110
|1001) 0 1 1 1 1101
|1010) 0 1 1 1 11010
|1011) 0 1 1 {001 1
|1100) 0 1 1 {0 1]0]0
|1101) 0 1 1 1101 1
|1110) 0 1 1 1101 1
|1111) 0 1 1170 11]0/0

total kemungkinan | 1 1 8 |12 | 8 | 2 | 24

kemudian dikarenakan operator unitary memenuhi:
Ui=U;®1 (10())

Up = (=1)!(2) [4)
maka dengan demikian operator unitary untuk fungsi kotak
hitam dapat di tuliskan sebagai berikut:

U =1Q0I®I®I1

Upp=—-1011&1

Up=1011I® 0,

Ug=101®0,®0, (101)
Up=1®0,®0,®0,

U =0.80,80,80,
Uu=1®(I®0.]®[0.®0.])
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berikut adalah diagram algoritma Deutsch-Josza 4 qubit :

io> | [ |— . :
R |L| =] | / —_— 15 onstan
I |_| [l —> keimbang |
i —{ 0] » [ penbre
o —{H] ]
i3] [iw] o>
k= |E2N 7 ! ; Z

(S TV ([ =

Gambar 3.5 algoritma Deutsch-Josza 4 qubit

berdasarkan diagram diatas maka dapat diketahui bahwa
fungsi keadaan input yaitu |t¢;,) = |00001) kemudian diap-
likasikan transformasi walsh-Hadamard pada fungsi keadaan
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input tersebut dihasilkan sebagai berikut:

) =H® H® H® H® H|00001)
1 5
- (E) (10} + 1)) (10) + 1))

x (10 + 1)) (10) + 1)) (10) = [1))

(100000) — |00001) 4 |00010) — |00011))

ot

_|_

(/00100) — |00101) + |00110) — |00111))

+

(101000) — [01001) + |01010) — [01011))
(102)

(/01100) — [01101) 4 |01110) — [01111))

+

(110000) — [10001) + |10010) — [10011))

_I_

(110100) — [10101) + |10110) — [10111))

_|_

+
N 7 N7 N7 NS N7 NN/

Sl Sl Sl Sl Sl Sl Sl Sl

(]11000) — [11001) 4 |11010) — [11011))

+

N —— T
ot

(]11100) — [11101) 4 |11110) — [11111))

o4



kemudian diaplikasikan uy pada [¢;) menurut persamaan
Us : |zy) — |y @ f(x)) didapatkan [1¢2) sebagai berikut:

v = (5

)5 (100000 & £(0000)) — [00001 & £(0000)))

+
ot

(100010 @ £(0001)) — [00011 @& £(0001)))

+
ot

(]00100 & £(0010)) — [00101 & £(0010)))

+
o

(]00110 & £(0011)) — [00111 & £(0011)))

Jr
w

(]01000 & £(0100)) — |01001 @& £(0100)))

+
o

(]01010 @ £(0101)) — |01011 @& £(0101)))

+
ot

(J01100 & £(0110)) — |01101 & £(0110)))

+
ot

(j01110 @ f(0111)) — |01111 @& F£(0111)))
(103)
(]10000 & £(1000)) — |10001 @& £(1000)))

(o)

+

(]10010 & £(1001)) — |10011 & f(1001)))

+
o

(]10100 & £(1010)) — |10101 & £(1010)))

+
o

(J10110 & £(1011)) — |10111 & £(1011)))

+
ot

(]11000 @ £(1100)) — [11001 @ £(1100)))

+
ot

(111010 @ £(1101)) — [11011 @& f(1101)))

+
ot

(]11100 & £(1110)) — [11101 & £(1110)))

o

CEEEETEEE T T EEES

+
N 7 N 7 N N NS NS NS NS NSNS NS NN N N

+

(J11110 & f(1111)) — [11111 & f(1111)))
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ot

|0000) (|.f£(0000)) — |—f(0000)))

+
(3]

|0001) (| f(0001)) — |—f(0001)))

+
ot

|0010) (| £(0010)) — |- f(0010)))

+
(S

|0011) (|£(0011)) — | f(0011)))

+
(<

|0100) (|f£(0100)) — |- f(0100)))

+
(<

|0101) (| f(0101)) — |- f(0101)))

+
ot

|0110) (| f(0110)) — |- f(0110)))

[0111) (] £(0111)) — [—f(0111)})
(104)

+
ot

[1000) (|f(1000)) — |—f(1000)))

Jr
ot

[1001) (|f(1001)) —[—f(1001)))

+
(<

[1010) (| f(1010)) — |- f(1010)))

" [011) (|£(1011)) — | f(1011)))

+

+
ot

+
TN 7 N 7 N N NS NS NS NN TN ST N TN N N /N

R P T T T R P e

[1100) (| f(1100)) — |- f(1100)))

+
(9]

[1101) (| £(1101)) — |- f(1101)))

S

T N T T T T T T N N N T N N
*\ (o}

+

[1110) (| f(1110)) — |- f(1110)))

5
+ (ﬁ) I1110) (|F(1110)) — |~ f(1112)))

berdasarkan diagram diatas setelah mendapatkan [¢9) diop-
erasikan dengan transformasi Walsh-Hadamard lagi, diper-
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oleh [¢3) yaitu sebagai berikut:

4
|ths) = (%) HOH®H®H®I |1,)

=A+B+C+D+E+F+G+H+T+J
+K+L+M+N+O+P

(105)

dimana A=suku |0000), B=suku |0001), C=suku |0010), D=suku
|0011), E=suku |0100), F=suku |[0101), G=suku |0110), H=suku
|0111), I=suku [1000), J=suku |1001), K=suku |1010), L=suku
|1011), M=suku |1100), N=suku |1101), O=suku |1110), P=suku
|1111) maka dapat diuraikan hasil operasi dari masing-masing
suku yaitu sebagai berikut:
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89

untuk A= suku |0000)

- <L> 10000) (| £(0000)) — |—£(0000)) 4 | £(0001)) — |- £(0001)))

10000) (|.f£(0010)) — |=£(0010)) + [f(0011)) — |=f(0011)))
10000) (1.f£(0100)) — |—=f(0100)) + [f(0101)) — |- f(0101)))

10000) (|.f(0110)) — |=f(0110)) + [f(0111)) — |=f(0111)))

10000) (|£(1010)) — [=f(1010)) + | f(1011)) — [—f(1011)))

) 10000) (|.f(1000)) — |=f(1000)) + [f(1001)) — |- f(1001)))
) 10000) (|.f(1100)) — |=f(1100)) + [f(1101)) — |- f(1101)))

10000) (|.f(1110)) — |=f(1110)) + [f(1111)) — [=f(1111)))

(106)
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untuk B= suku |0001)

= <L> 10000) (| £(0001)) — [—£(0000)) — | £(0001)) 4 |—£(0001)))

10001) (].f£(0010)) — |=£(0010)) — [f(0011)) + |- f(0011)))
10001) (1.f£(0100)) — | f(0100)) — [f(0101)) + [=f(0101)))

10001) (|f(0110)) — |=f(0110)) — [f(0111)) + |- f(0111)))

10001) (|£(1010)) — [=f(1010)) — [ f(1011)) + [ f(1011)))

) 10001) (].f(1000)) — |=f(1000)) — [f(1001)) + [=f(1001)))
) 10001) (|.f(1100)) — |=f(1100)) — [f(1101)) + [=f(1101)))

10001) (|.f(1110)) — |=f(1110)) — [f(1111)) + [=f(1111)))

(107)



09

untuk C= suku |0010)

- (L) 10000) (|.£(0000)) — |—£(0000)) + | £(0001)) — |—£(0001)))

10001) (= [£(0010)) + [=f(0010)) — | F(0011)) + |—f(0011)))
10001) (1.f(0100)) — |- f(0100)) + [f(0101)) — [=f(0101)))

10001) (= [£(0110)) + [ f(0110)) — | F(0111)) + | f(0111)))

0001) (= [f(1010)) + [—f(1010)) — [f(1011)) + |- f(1011)))

) 10001) (].f(1000)) — |=f(1000)) + [f(1001)) — [=f(1001)))
) 10001) (|.f(1100)) — |=f(1100)) + [f(1101)) — [=f(1101)))

0001) (= [£(1110)) + [=f(1110)) — | f(1111)) + |- f(1111)))

(108)



19

untuk D=suku |0011)

0011) (— [ f(0110)) + |- f(0110)) + [f(0111)) — |- f(0111)))
(109)

[0011) (= [£(1010)) + [ f(1010)) + [f(1011)) — |- f(1011)))

) 10011) (].f(1000)) — |=f(1000)) — [f(1001)) + [=f(1001)))
) [0011) (|.f(1100)) — |=f(1100)) — [f(1101)) + [=f(1101)))

0001) (= [£(1110)) + [ f(1110)) + [ f(1111)) — |- f(1111)))



¢9

untuk E=suku |0100)

0100) (= [£(0110)) 4 |=f(0110)) — [ f(0111)) 4 |- f(0111)))
(110)

10100) (| £(1010)) — |- f(1010)) + | f(1011)) — [=f(1011)))

) 10100) (|.f(1000)) — |=f(1000)) + [f(1001)) — [=f(1001)))
) 0100) (= [£(1100)) + [=f(1100)) — | f(1101)) + |—f(1101)))

0100) (= [£(1110)) + [=f(1110)) — | f(1111)) + |- f(1111)))



€9

untuk F=suku |0101)

0101) (= [£(0110)) 4 [—=f(0110)) + [ f(0111)) — [—f(0111)))
(111)

10101) (|£(1010)) — |- f(1010)) — | f(1011)) + [=f(1011)))

) 0101) (|.f(1000)) — |=f(1000)) — [f(1001)) + [=f(1001)))
) 0101) (= [£(1100)) + [—f(1100)) + | f(1101)) — |—f(1101)))

0101) (= [£(1110)) + [ f(1110)) + | f(1111)) — |- f(1111)))
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untuk G=suku |0110)

0110) (|f(0110)) — |=£(0110)) + [f(0111)) — [—f(0111)))
(112)

0110) (= [£(1010)) + [=f(1010)) — [f(1011)) + |- f(1011)))

) 0110) (|.f(1000)) — |=f(1000)) + [f(1001)) — [=f(1001)))
) [0110) (= [£(1100)) + [ f(1100)) — | f(1101)) + | f(1101)))

[0110) (f(1110)) — [=f(1110)) + [f(1111)) — [=f(1111)))
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untuk H=suku |0111)

0111) (]£(0110)) — |=£(0110)) — [f(0111)) + |—f(0111)))
(113)

0111) (= [£(1010)) + [ f(1010)) + [f(1011)) — |- f(1011)))

) |0111) (].f(1000)) — |=f(1000)) — [f(1001)) + [=f(1001)))
) [0111) (= [£(1100)) + [—f(1100)) + | f(1101)) — | f(1101)))

[0111) (If(1110)) — |- f(1110)) — [f(1111)) + [ f(1111)))
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untuk I=suku [1000)
_ (i) 11000) (|(0000)) — |~ £(0000)) + |£(0001)) — | £(0001))
11000) (| (0010)) — |~ £(0010)) + |£(0011)) — | £(0011)))

[1000) (1.f(0100)) — |—=f(0100)) + [f(0101)) — [=f(0101)))

[1000) (| f(0110)) — |=f(0110)) + [f(0111)) — [=f(0111)))

[1000) (= [£(1010)) + [—f(1010)) — [f(1011)) + |- f(1011)))

) [1000) (= [£(1000)) + [=f(1000)) — | f(1001)) + |- f(1001)))
) [1000) (= [£(1100)) + [=f(1100)) — | f(1101)) + |—f(1101)))

[1000) (= [£(1110)) + [=f(1110)) — | f(1111)) + |- f(1111)))

(114)
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untuk J= suku [1001)
1001) (]f(0000)) — |=£(0000)) —[£(0001)) + [—f(0001)))
[1001) ([ £(0010)) — |- £(0010)) — | f(0011)) + [-F(0011)))

[1001) (1f(0100)) — |- f(0100)) — [f(0101)) + [=£(0101)))

)
)
)

L)9 [1001) (| /(0110)) — |=f(0110)) — [f(0111)) + [=f(0111)))
) [1001) (= [£(1000)) + [—f(1000)) + | f(1001)) — |- f(1001)))
) [1001) (= [£(1010)) + [ f(1010)) + [f(1011)) — |- f(1011)))
) [1001) (= [£(1100)) + [=f(1100)) + | f(1101)) — |—f(1101)))
)

[1001) (= [£(1110)) + [—f(1110)) + [f(1111)) + [ f(1111)))

(115)
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untuk K= suku |1010)

[1010) (= [£(0110)) + [ f(0110)) — | (0111)) + | f(0111)))

[1010) (|£(1010)) — |- f(1010)) + | f(1011)) — [=f(1011)))

—) [1010) (= [£(1000)) + [—f(1000)) — | f(1001)) + |- f(1001)))
) [1010) (= [£(1100)) + [—f(1100)) — | f(1101)) + |—f(1101)))

[1010) (|f(1110)) — |=f(1110)) + [f(1111)) — [=f(1111)))

(116)
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untuk L= suku |1011)
[1011) (].£(0000)) — |=£(0000)) — [f(0001)) + [=f(0001)))
[1011) (= [£(0010)) + [=£(0010)) + [ f(0011)) — [=F(0011)))

[1011) (|f(0100)) — |- £(0100)) — [f(0101)) + [—f(0101)))

)
)
)

i)g [1011) (— [ £(0110)) + [~ £(0110)) + | F(O111)) — | £(0111)))
) [1011) (— [ £(1000)) + [ £(1000)) + [ £(1001)) — | £(1001)))
) [1011) (| £(1010)) — [~ £(1010)) — |£(1011)) + |~ £(1011))
) [1011) (— [ £(1100)) + [ £(1100)) — [ £(1101)) + |~ £(1101)))
)

[1011) (f(1110)) — |- f(1110)) + [f(1111)) — [=f(1111)))

(117)



0L

untuk M= suku |1100)

[1100) (= [£(0110)) + [=f(0110)) — | f(0111)) + | f(O111)))

[1100) (= [£(1010)) + [=f(1010)) — [f(1011)) + |- f(1011)))

) [1100) (= [£(1000)) + [=f(1000)) — | f(1001)) + |- f(1001)))
) [1100) (|f(1100)) — |=f(1100)) + [f(1101)) — [=f(1101)))

[1100) (f(1110)) — |=f(1110)) + [f(1111)) — [=f(1111)))

(118)
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untuk N= suku [1101)

[1101) (= [£(0110)) + [=f(0110)) + | f(0111)) — | f(0111)))

[1101) (= [£(1010)) + [ f(1010)) + [f(1011)) — |- f(1011)))

—) [1101) (= [£(1000)) + [—f(1000)) + | f(1001)) — |- f(1001)))
) [1101) (|/(1100)) — |=f(1100)) + [f(1101)) — [=f(1101)))

[1101) (f(1110)) — |- f(1110)) + [f(1111)) — [=f(1111)))

(119)
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untuk O=suku [1110)

[1110) (£(0110)) — |=£(0110)) + [ f(0111)) — |- f(0111)))
(120)

[1110) (|£(1010)) — |- f(1010)) + | f(1011)) — [=f(1011)))

) [1110) (= [£(1000)) + [=f(1000)) — | f(1001)) + |- f(1001)))
) [1110) (|f(1100)) — |=f(1100)) + [f(1101)) — [=f(1101)))

[1110) (= [f(1110)) + [ f(1110)) — | f(1111)) + |- f(1111)))



€L

untuk P= suku [1111)

_ (i) [1111) (|£(0000)) — | £(0000)) — |£(0001)) + | £(0001)))
) 11112) (70010} + [ (0010)) + (0011)) ~ |-/ (0011))
) 11111} (= 7(0100)) + |~ (0100)) + |7(0101) — |~ F(0101))
) 11112) (0110) = [=(0L10)) ~ FO111) + | (0111) .
)9 1111} (= [£(1000)) + |~ F(1000)) + |£(1001)) — | F(1001)
) 1112) (701010)) = [=71010)) = F1011) + |- (1011)
) 11112) (17(1100) ~ [=7(1100)) ~ | F(1101) + | (1101)
)

[1111) (= [f(1110)) + [ f(1110)) + | f(1111)) — | f(1111)))



untuk fungsi konstan f(0000) = f(0001) = f(0010)
£(0011) = £(0100) = f(0101) = f(0110) = f(0111)
£(1000) = f(1001) = f(1010) = f(1011) = f(1100)
£(1101) = f(1110) = f(1111) = 0 didapatkan :

~—

Vo) = f 10000) [[|0) — |1)] (122

untuk fungsi konstan f(0000) = f(0001) = f(0010) = f(0011) =
£(0100) = £(0101) = f£(0110) = f(0111) = f(1000) =
£(1001) = £(1010) = f(1011) = f(1100) = f(1101) =
f(1110) = f(1111) = 1 didapatkan :

1
|Yr1) = 7% 0000) [[]0) — |1)] (123
untuk fungsi setimbang f(0000) = f(0001) = f(0010)
£(0011) = £(0100) = £(0101) = £(0110) = 0 dan f(0111)
£(1000) = f(1001) = f(1010) = f(1011) = f(1100)
£(1101) = £(1110) = f(1111) — 1 didapatkan

~—

|¥s0) = \/— [1000) [[[0) — [1)] (124)

untuk fungsi setimbang s; f(0000) = 0, f(0001) = f(0010) =
1, £(0011) = £(0100) = 0, £(0101) = f(0110) = 1, f(0111) =
£(1000) = 0, £(1001) = £(1010) = 1, f(1011) = £(1100) =
0, £(1101) = f(1110) = 1, f(1111) = 0

|ha1) = \/— 10011) [[[0) — [1)] (125)

untuk fungsi setimbang sy f(0000) = 0, f(0001) = f(0010) =
1, £(0011) = 0, £(0100) = 1, £(0101) = £(0110) = 0, £(0111)
1, £(1000) = 0, £(1001) = £(1010) = 1, f(1011) = 0, f(1100)
1, f(1101) = f(1110) = 1, f(1111) = 0 didapatkan :

|ths2) = \/— |0111) [[[0) — [1)] (126)

74



untuk fungsi setimbang s3 f(0000) = f(0001) = f(0010) =
£(0011) = £(0100) = f(0101) = f(0110) = f(0111)
£(1000) = f(1001) = f(1010) = f(1011) = f(1100)
£(1101) = £(1110) = f(1111) = 0 didapatkan :

) = = 1111} [10) = 1) (127)
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”Halaman ini sengaja dikosongkan”
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BAB IV
SISTEM N-QUBIT

Sebelum membahas permasalahan dalam sistem N-qubit
maka harus dibahas terlebih dahulu untuk sistem 1-qubit, 2
qubit, 3 qubit dan 4 qubit untuk mendapatkan pola dari
pada masing-masing sistem, sehingga dapat diketahui apa-
bila sistem memiliki pola atau hanya perluasan saja tanpa
pola umum

4.1 Sistem 1, 2 dan 3 qubit

Pada sistem 1 qubit. Level energi dihasilkan oleh 1 par-
tikel, dimana hamiltonian untuk presesi bebas qubit tunggal
adalah:

Hy = —hvByl,
0 Y 5o (128)
= hWOIZ
dimana wy = —yBy dan wy merupakan frekuensi sudut lar-

mor dan v merupakan rasio giromagnetik. kemudian diambil
h = 1 sehingga didapatkan:

H() = (,L)(]IZ (129)
untuk spin tunggal masukan keadaannya adalah:

[¥) = al0) + B[1) (130)
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maka dengan demikian kita dapat mengoperasikan hamilto-
nian pada keadaan tersebut dan diperoleh sebagai berikut:

Hy [¢)) = wolz(|0) + 1))

() ()2 )<
~a (o) -2 (1)) o
= wp <§|0>—§|1>>

= S0 (10) — 1))

maka dengan demikian diperoleh dua nilai level energi yaitu
sebagai berikut:

wo untuk a=10)dan m =} (132)

E“:mwo_{E —two untuk a=|1)ydan m=—13

Pada sistem NMR 2 qubit interaksi yang terjadi dia-
sumsikan sebagai interaksi heisenberg yaitu interaksi yang
diperanguri oleh atom tetangga yang terdekat sehingga hamil-
tonian sistem adalah sebagai brikut:

H=wl®L +wl,®l+2rJ10L® I, (133)

dimana wg dan w; merupakan frekuensi sudut larmor untuk
qubit ke 0 dan qubit ke 1, sedangkan J;y merupakan kopling
skalar yang melibatkan qubit-0 dan qubit-1. kemudian vek-
tor keadaan untuk sistem 2 qubit adalah sebagai berikut:

|1) = ¢y ]00) + ¢1 |01) 4 ¢2[10) + ¢35 |11) (134)
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dengan cg, ¢1, ¢, c3 meruapakan koefisien kompleks. apabila
H bekerja pada vektor keadaan maka diperoleh:

H ) = (wol @ L + w1l ® I +27J10L. @ L) |¢)
=wol ® I, (¢ |00) + ¢1]01) + 2 ]10) + ¢3[11))
+wil, ® I (co|00) + ¢1]01) + o [10) + c3]11))
+ 21 J101, @ I, (co |00) + ¢1 |01) 4 ¢4 [10) + ¢35 |11))
=wp (col [0) 1, [0) + 11 |0) I, |1) + oI [1) I, ]0) 4+ 31 |1) I, |1))
+ w1 (col,]0) 110) + 11, |0) I |1) 4+ col, |1) I|0) + 31, |1) I|1))
+ 27 J10 (ol [0) 1. |0) + 11, [0) I, |1) + o1, |1) 1. ]0))
+ 2w Jyo (e31, 1) I, |1))
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—n (@l 510) + 110 (=3 ) D)+l 510)
(o)
rar (g 10010) + g 00 1) +ea (=3 ) )10}
o))
+ 2110 (c0§ 0) ; 0) +c1 0) ( 1) 1) + e (-%) 1) % |0>)
e (03 (—%) ) (—5) \1>> (135)

1 1 1 1

1 1 1
tw [500 00) + 5C1 [01) + —daCs [10) — £ Cs !11>}

1 1 1 1
+ 2710 [ZCO 00) = 2C1[01) = 2C2[10) + £ Cs |11>}

1 1

= 5 (CL)(] -+ (0% + 7TJ10> Co |00> + 5 (—wo — W1 + 7TJ10) C1 ’01>
1 1

+ 5 (OJO — W1 — 7TJ1[)) Cy |10> + 5 (—CUQ — Wi + 7TJ10) C3 |11>

maka dengan demikian diperoleh bentuk
H [¢p) = E5000|00) + Ea1c1 [01) + Bz 202 [10) + Es 3¢5 [11(136)

sehingga dapat dibuat tabel level-level energi untuk sistem
2 qubit yaitu sebagai berikut:
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E2,n
% (wo + w1 + 7J10)
(—wo — wy + 7J1o)
2 (wo — wi — TJ1p)
3 (—wo — w1 + TJ1g)

N |

Wi —=ols

Level Energi pada sistem 3 qubit ditentukan oleh en-
ergi 3 partikel dan interaksinya. untuk cataan bahwa inter-
aksi yang terjadi adalah interaksi heisenberg yakni interaksi
yang hanya dipengruhi oleh atom tetangga terdekat. Bentuk
Hamiltonian utnuk sistem 3 qubit adalah sebagai betikut:

H=wlQIQL+wlIQL ] +wl, @I 137)
+27TJ10]®]Z®IZ+27Tj20]z®[®Iz+2ﬂ'jgllz®12®9

sedangkan untuk vektor keadan 3 qubit adalah sebagai berikut:

1) = ¢ [000) + ¢1 |001) + ¢ [010) + ¢5]011)

138
+ ¢4 [100) + ¢5 |101) + ¢ |110) + ¢7 [111) (138)

dengan cy, ca, ...,c; merupakan koefisien kompleks. utnuk
mendapatkan nilai level energi dari keadaan 3 qubit maka
dioperasikan hamiltonian pada vektor keadaannya yaitu se-

81



bagai berikut:

H |¢p) =

(Wl @I L+wnIRL I +wl.@IRI)[)

+ @il @ L ® L+ 2mjool, @ T @ I + 2mjon [, @ I, @ I) [3)
= wol ®1® I, (¢0000) + ¢ |001) + ¢ [010) + ¢3 [011))
+wol @ I ® I, (c4]100) + c5[101) 4 ¢ [110) + 7 |111))
Yl @1, ® I (co|000) + ¢ [001) + ¢ |010) + ¢5[011))
Yl ® L @ I (cg|100) + c5[101) + ¢ [110) + ¢r [111))

+ wol, @ I ® I (co]000) + ¢ [001) 4 ¢o [010) + 3 |011))
+wal, @ I &I (¢4 ]100) + ¢5[101) + ¢6|110) + ¢7]111))

+ 21 J10l @ I, ® I, (¢o|000) + ¢4 |001) + ¢2]010) + ¢35 |011)
+ 21 J10l @ I, ® I, (¢4]100) + ¢5 [101) + ¢ [110) + ¢ [111)
+ 270l ® T @ L. (cg |000) + ¢1 [001) + ¢ |010) + ¢5 [011)
+ 2mjool, @ I ® I, (¢4 |100) + ¢5 |101) + ¢4 [110) + 7 |111)
4 2mjorl, © I, @ T (¢ |000) + e1 [001) + ¢ [010) + ¢ [011)
4 2mjo L, ® I, @ I (4 ]|100) + c5 |101) + ¢ |110) + ¢7 |111)
— o (T [0) T[0) 1.10) + eaT [0) T[0) L. 1) + T 0) T [1) 1. 0))

~— — ~— ~—

wo (esT |0) T |1 L. 1) + eal |1 T10) 1. |0) + eI 1) 1]0) L. 1))
o (eI ) T |1) L. [0) + erI |1) T]1) L. |1))
+wi (el [0) I, |0) T|0) + ¢1 1 |0) I, [0) I'|1) + col |0) I, |1) T]0))
o (esT[0) L [1) T 1) + eaT |1) 1. |0) 1[0) + esT 1) L. [0) T]1))
Feon (el [1) L 1) T10) + ool |1) L. |1) 1 [1))
+ w2 (ol [0) 1]0) I'0) + 11, ]0) I|0) I'[1) + c21. |0) I'[1) I']0))
- wn (esL |0) T T1) + eaL. 1) T10) 110) + es L. [1) T |0} T]1))
+wi (col: 1) 1) T'10) + c71.|1) T|1) T'[1))

)
Iz

+ 21 J1g (oI |0) I, |0 I, [0) 4 ¢11 |0) 1. |0) I |1))
+ 21 J1g (o |0) I, 1) I [0) 4 ¢51 [0) I, |1) I, |1))
+2m 10 (cal 1) I |0) L2 |0) + 51 [1) 1. {0) I. 1))
+ 2730 (el [1) I [1) I |0) + 71 [1) I, |1) I 1))
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+2m 20 (6012 10) 110) 13 10) + €112 10) 110) L+ 11) + e+ 0) 111) 1+ 0))
2w 20 (ea 1= [0) T1) T2 [1) + eals [1) 110) I [0) + es T [1) 110) I: [1))
+2m20 (eg T [1) 1) 1210) + er L 1) T 11) I 1)
2721 (o= [0) T2 [0) T10) + €12 0) Ls 10) T 11) + eaT 0) Iz [1) 1 [0))
2w a1 (312 [0) L2 (1) L 1)+ el 1) 1210) 110) + es 1 1) I 0) 1]1)
+2m a1 (e Tz [1) 12 [1) T10) + el [1) 12 [1) 1)

1 1 1
= wo (e 10)10) 5 109+ e110) 09 (=2 ) 11) + <2 0)11) 2 10) )
cal011) (=3 ) ) +eal1y10) 5 100+ es 1) 10) (=3 ) 1))
e )11 2 10) +er 1) (=2) In)

1 1 i 1 1
c010) 2 10)10) +c110)  [0) 1) + 2 0) (—5)| >|0>)

2 2 2
e310) (—%)IU(—%)\1>+C4\1>%\0>;|0)+C5|1> |o>( S)m)
s (=) m 2o+ (-5 m(-3) )

10010 100 ! 1 10 110
co5 10)10) - | >+c15|>|>(—7)|>+cz5\ Y S| >)

2

(
(
(
(
+2miz0 (e 0)11) (—%)mm;(—%)\1>\o>§\o>+CS (=5)wwo (=) m)
( 1 1 1
(
(
(

2
1

caz10) (=2) i +ea (=3) 05 1010) +cs

; 2) 0510 m)
t2min (o (<3 ) (=3 ) w10y +er (=5 ) (=5 ) m )

)
0l 10) é [0} 0) +c1% 10} ; 01 +c2% 1 (72) = )
(-
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tuk

H |1/}> = E3’0C0 ’OOO) + E37101 |001> + E3’202 |0].0> + E3’363 |0].1
+ E374C4 ‘100> + E3’5C5 ’101> + E?),GCG |110> + E377C7 ‘111

sehingga dapat dibuat tabel level energi sebagai berikut:

= % (c0 1000) — 1 [001) + c2 [010) — c3 [011))
wo

+ o> (cq 1100) — ¢5 |101) + cg [110) — c7 [111))
w1

+ = (20 1000) + e1 1001) — €3 [010) — e5 [011))
w1

+ =5 (ca100) + 5 [101) — e [110) — e7 [111))
w2

+ -5 (0 [000) 4 ¢1 ]001) + c2 [010) + c3 |011))

w
+ ?2 (—cq |100) — ¢35 [101) — cg [110) — 7 [111))

7J10

+ =~ (€0 1000) — €1 ]001) — 3 [010) + e5 [011))
wJ10

+ TS (64 [100) — 5 [101) — cg [110) + 7 [111))
mJag

+ = (€0 1000) — €1 ]001) + 3 |010) — c5 [011))
wJ20

+ = (=€a[100) + ¢5]101) — g |110) + e7 |111))
mJ21

+ = (co [000) + c1 [001) — c2 |010) — c3 |011))
7J21

+ =5 (—ea[100) — c5 [101) + ¢ |110) + c7 [111))

wp + w1 +wa + 7J10 + w20 + 7J21

= cp |000
P [000)
—wo + w1 + wo — wJ1g9 — wJ20 + wJ.
+ 0 1 2 10 20 21 o1 ‘001>
2
wo — w1 +wo — wJig + wJog — wJ.
+ 0 1 2 21() 20 21 2 ‘010>
—wp — w1 +wo +wJ1g — wJog — wJ-
+ 0 1 2 5 10 20 21 3 ‘011>
wo + w1 —wo + wJ1g — wJog — wJ.
+ 0 1 2 210 20 21 ca ‘100>
—wo + w1 —wo — wJ1g + wJog — TJ-
+ 0 1 2 10 20 21 cs ‘101>
2
wog — w1 —wg — wJ1g — wJ2q + wJ-
+ 0 1 2 10 20 21 6 |110>
2
—wg — wq —wg +7wJ1g9 + w29 + TJ-
+ 0 1 2 10 20 21 C7‘111>

2

maka dengan demikian bentuk diatas sama dengan ben-
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ES,n
wotwi twotmJi0+m 20+ I21

2
—wotwiFwa—mJig—7Jop+7mJ21

2
wo—witwo—mJ1o+mJ20—mJ21

2
—wo—wiFwatnJig—7mJop—7J21

2
wotwi1—watnmJi9g—mJo0—7J21

2
—wotwi —we—mJigF+mJa0—7J21

2
wo—wi —wo—mJ19—mJ20+7J21

| O U x| W N = OB

2
—wo—w1—watnJio+m oo+ J21
2

4.2 Sistem 4 qubit

pada sistem 4 qubit, level energi dihasilkan dari interaksi
4 partikel, dimana bentuk hamiltonian dari sistem 4 qubit
adalah sebagai beriktu:

H=wlIRIRIR@L+wlI®IQLQI+w IR, RI®I
+ws L, QIQIQT+2rJ1 0l R TR, ® I,
+ 2 dol I, ® 1 R 1,27 J30l, @ I @ R1, (141)
4+ 2l QL QL QT+ 21311, QT R 1, 1
+ 213, @, QIRI

sedangkan vektor keadaan untuk 4 qubit adalah sebagai berikut:

1) = ¢ |0000) + ¢; [0001) + ¢ 0010)
4¢3 0011 + ¢4 [0100) + 5 |0101)
+ ¢ |0110) + ¢7 |0111) 4 ¢5 [1000) +
+ e |1001) + 10 [1010) + ¢1y |1011)
+ e19|1100) + 13 [1101) + e14 [1110)
+oeps [1111)

(142)
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kemudian dilakukan operasi berikut:

H[Y)=wl @I@I®I,|¢)

+wl@IRILI|Y)

+wl L @I |¢p)

+wsl, @ TR TR I|Y)

+2nil @ IR I, @ I, |¢)

+2mdol @ I, @ I ® 1, )

+ 21 J50l, @ I ® ®L, 1)

+ oI @ L ® L &1 1)

+2rdyu L, @11 ®I|Y)

+ 215, @I, @ I @ I [3)

= wo (oI [0Y T[0) T]0) L, |0) + 1T [0) I[0) 1]0) L. |1)
10 I,
I1 I,

il
L0
|

) L | )
+wo (cal [0) T]1) T10Y 1, [0) + es1 |0)
+awo (eI |0YT[1) T [1) I, | )
o (esT[1)T10) T]0) L. 1
+wp (el 1) T|0YT (1)L |
+wo (el 1) T T10) L. |
+wo (cral [1) T1) T[1) I [0) + 51 [1) T[1) T[1) 1. 1))

( Il
( I
(
(
(
(
(
+ wy (col |0) I]0
(
(
(
(
(
(
(

)
0) I[1) - |1))
D IL) 1))
1) + 7 |1) I]0) 1]0) L. |0))
) 1-10))

)

)
)+ ol [1)1]0YT[1) 1, |0
1
1) + el [1) T |1) T 10) I, |1))

)

1.10)

~

10) 1]0)
) T10) 4+ el 0) T10) 2 1) 11
2[0) I'10) 4+ esI|0) 1) I [1) T'[1
1) T1) + end 1) 110) 2.]0) 1[0
0) 11 + eol 1) 70} L. [1) T |0
+wi (ol [1) 1|0) I [1) T']1) + ena D [1) T'[1) I |0) 1 |0))
+wy (el [ T) L|O) T|1) + ezl |1) T|1) 1, |0) T|1))
+w (e (D) T T T)0) + 5D (1) T]1) 1, ]1) T]1))

)
+ wy (21 |0) 1]0)
+ wy (eal 0) T]1)
+ wy (el |0) I]1)
+ wi (cgl |1) I]0)

~

z

~

1)
)
)
)
0
|
|
0) + el 0) 110) L. 10) I]1))
)
)
)
)

z
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+wa (ol |0) 1, [0Y 1]0) I0) + 1 |0) 1, 0) I |0) I |1))
+wa (2l [0) 1:0) I[1) I0) + ¢51|0) I [0) I[1) I'|1))
+wsy (ead |0) I |1) T10) 1|0) +¢5110) I, [1) T |1) I]1))
s (el |0) I, (1) T|1) T|1) + 71 |1) 1,]0) |0) I |0))
+wa (sl [1) 1:10) T]0) I[1) + ol |1) 1. ]0) I[1) 1]0))
+wa (c10l 1) L [0) T 1) I |1) + il 1) 1, |
s (el 1) L) T{0YT|1) 4 ersl 1) 1, |

|

)

)

)

)

(

(

(

(

(

( ) 110) 10))
(

+wy (e | 1) L) T T|0) 4+ e151 1) 1,

(

(

(

(

(

(

(

1
1)710) 1 1))
1) I]1)7]1))
T10)110) + er L, |0Y T[0) 7 ]0)1]1))
s (calL |0YT[0) T [1) 1]0) + c5L. |0Y I]0) I [1) 1 ]1)

)

)

)1
+ w3 (col.10) I0)

) 110) ) )
+ws (el 10) T|1) T|0) I]0) + ¢51.10) I |1) T |1)1]1))
+ws (el 10) I|1) I |1)I|1) + c71.|1) 1|0)1]0)1]0))
+ws (el |1) T|0) T|0) I|1) + col,|1) 1|0)1|1)1]0))
+ws (c10l: [1) T0) T 1) I |1) + i L. [1) T[1) 1|0) 1]0))
+wy (e (DY T{1)T10) T|1) + 43, |1) T|1) T]0) I, |1))
+ws (crals [1) T T|1) T]0) + cr5L. 1) T|1) T[1) I |1))
+ 271 J19 (ol [0) I]0) I, |0) I, |0) + ¢, 1]0) 1]|0) 1, ]0) I, |
2T (o |0) T10) I, [1) 1, ]0) + esI [0) T[0) I [1) L, |

) ) 1 [1))
) L ) 1. 11))
2T (ea |0) T|1) 1, ]0) I, [0 + esI [0) I [1) L. [1) L. [1))
) ) 1. 10))
) ) 1. 10))

~ O~

(
( -
+2mJio (e [0) I|1) I, |1 )+ el |1)110)1,1]0)1, |
2110 (cg T [1) T|0) I, 0) I, [1) + ol |1) 1]0) I, 1) I |
( 1
( 1
(

~

z

1
1

~

+ 27 Jyo (er0l |1) 110) 1, 1) 1, |1) + 11 L |1) T]1) 1, ]0) 1, |0))
+2mJyg (crol |1) T (1) 1, 10) I, |1) 4+ c131 |1) T |1) 1. ]0) I, |1))
+ 21 Jyo (cral (1) T|1) 1, [1) 1, |0) + 151 |1) T|1) T |1) T|1))
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+ 27 Jy (coI 0 1, 0) I ]0) I,
+2mJy (c21 [0) 1. 0) I [1) L.
+ 2mJa0 (eal |0) I, [1) 1 |0) I,
)1 | )
|

( 0) + 11 [0) I, |0) T |0) I,
(
(

+ 2o (1 |0) I, [1) T |1) I,
(
(
(

) 1:10) 110) L. |1
0)+c¢3l]0)1,]0) 1)1, |1
0) +es|0) 1, [1)I]1) 1,1

)+ erI 1) 1. [0) T[0) 7. 1)
)+ ol |1) 1. |0) T]1) L. |0}
1) + el |1) I [1) I10) L. ]0))

+ 21 dog (el |1) I, |1) T]0) I, |1) + 131 |1) 1. |1) 1]0) 1, |1))
+ 421y (c1al [1) L [1) T[1) I |0) + cas T [1) I [1) T |1) I [1
+ 27w J30 (col, |0) 110) 1|0) I, ]0) + ¢, 1. |0) 1|0) I1]0) I, |
+ 2750 (e21,10) 1|0) I'|1) 1. ]0) + 3. ]0) 1]0) I |1) L, |
2 (el 0) 11 110} L. 0) + 5. |0) T1) I |1 ..
)LL) ) ) 110) |

) ) |

)

)

)

1 )
2 (es 1) 1, |0) 1]0) I, |1 )
4 2m o (erol 1) L |0) T [1) I

)
1
1
1
4 2m 50 (co, 0) T [1) T |1) I, |1) + ¢7 1, |1) T0) 1 ]0) 1, |0

4 2m 50 (es L. [1) T|0) 110 L. |1) + coI, |1) T [0) I [1) I, |0
) L
)

)
)
)
)
)

+ 213 012[ 1) 7[1) 1|0} L |1>+0131 1) I[1)I]0

)
Iz 1>)

( )

( )

( )

( )

( )

( 0

( |

( |
+27Jy (cOI|0 L.|0) L. |0) I]0 +01]|O L0y L. |0) I [1)

( ) )

(

(

(

(

(

(c

~— —

)
+ 21 Jo1 (eI |0) I [1) L |1) T 1) + c71 |1) 1. |0) I, |0) 1 |0))
4 2oy (eI [1) 1 [0) 1, [0) I [1) + ol [1) L. |0Y I, [1) 1]0))
+ 2 a1 (erol [1) T10) I |1) L [1) + en|1) L [1) L. [0) I |0))
4 2m oy (e1ol [1) L 1) L |0Y T [1) + e1al [1) I, [1) T]0) I, [1))
WD T T T]0) + esl 1) L|1) L 1) T|1))

) 1L
)
) 1L
) 1:10) .. 10) I'|0) )

+ 27Ty (eo [0) L. [0) L. [1) 10 + 51 0) 1, |0 I, |1) T |1
2oy (eal [0) I, [1) I, [0) T [0) + e5 T |0) T [1) T|1) T |1))
) 1 (1) I. [1) T [1) )

10) .. 10)
1)

+ 27TJ21
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+ 2w J3;
+ 2w J3;
+ 2w J3;
+ 273
+ 273
+ 27 J3;
+ 273
+ 2w J3;
+ 27w J3
+ 2739
+ 27w J39
+ 27 J39
+ 2739
+ 27w J39
+ 27w J35
+ 213

col [0) T10) 1.
oL, [0) T10) L.

) I|0) I, [0) T [0) + ¢, 1, 0) 110 L. |0) I |1

) 110)
cal:[0) I[1) I,

) 1L

) 110)

) ) 110) I [0) I'[1))
D) I10) + ¢3l-10) I'|0) I 1) T'|1))
0) 110) +¢sL- |0) L[1) I [1) T'[1))
col:[0) I1) I. ) ) 110) I 10) I'10))
cgl:[1) I10) I D 110))
crol [1) T10) I [1) T'[1) + enl: 1) T]1) L. |
ciol, (1) I (1) 1 |0) I |1) +ci3l, 1) I |1
cial [1) T11) I [1) I'0) + 151, [1) T[1) I [1) T'[1))
coI, |0) 1, 0) 1|0) 1 |0) + 11, |0) I, [0) T |0 I |1))
eo I, |0) 1, 0) T |1) 1|0) + 51, |0) I, [0) T 1) I |1))
s, |0) L [1) T|0) I|0) + 5L, [0) I, 1) T |1) 1))
) 1| ) ) 1:10) 110) I10))

| )

1) I|1) + 7L [1) 1]0) 1. [0) I |0
0) I|1) + oL, [1) T|0) I, |1) T |0
) 1.10) 1|0))
) 1.10) I (1))

col, |0) I, |1 T [1) T|1) + e, |1) I, [0) T]0Y T [0
csl. 1) 1.10) Ty +col, |1) L |0) T|1) |0
ciol, 1) I [0) T |1) T |1) + 111, 1) 1. |1) T]0) I ]0))
c1ol, |1) I |1) T|0) I'|1) 4+ e131, 1) I, |1) T ]0) I |1))
cal 1) T[1) L 1) T|0) 4+ ei51. 1) L (1) T 1) T |1))

1]
1)
110)
1)
110)

o~~~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~ o~
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1 1
wo ((010)10)10) 2 10) + ex 10} 10) o) (=2 ) 11) + ez [0} 10) 1) [0y

+

wo (ca10y10)11) (=3 ) 10+ ca 100 12) 103 5 10) + s foy 11y 10y (=3 ) 1))

1 1 1
w0 (6 10) [1111) 210) + ez [0y 1) 1) (=3 ) 1) + s [1)10) 0) < [0))

+

wo (e 11 [0) |o>( )\1>+C10\1>\0>|1)%|0)+611\1> l0) 11 (—%)m)
o (12 111 10) 2 10+ exa 1) 11) [0 (=5 ) 1) + caa 1) [1)11) 210) )
2 2
+wo (e1s 1) 1) |1>( )\1>)
1 1
w1 (c010) 100 5 10)10) +e1 10)10) 2 10) 1) + 2 10) o) (=2 ) 11) [0}

1
+un v3\o>\o>( )\1)\1>+v4\o>\1> \o>|0>+c5\o>|l>5|0>|l>)

+

w1 (61010 (=3 ) 10} +e710)11) (=2 ) 1011} + 5 1) 10) 2 10) 10))
o c9\1>\0>;\o 1)+ e 1110) (=3 ) 1010) +enn 110) (=3 ) 1011))

1
tor (12 1111 2 10)10) + 1 1) 1) \o>|1>+c14\1>|1>(—5)\1>|o>)

(
(
(
(
(
(
(
(
(
(
o (eas 1) ) ( S)imm)
(
(
(
(
(
(
(
(
(
(

+

1 1
+ w2 (e0 10) 5 10110} 0) + 1 [0) 5 10) 10} [1) + 2 |o>5\o>|1>\o>)

1 1
+wz (ea10) 2 10) 1) 1) + ca [0) 11)10) [0} + <5 0) 2 1) 10} 1))
cmo( )I1>\1>\0>+cﬂ0>( 2)|1>\1>|1>+CS\1>%\o>\o>|0>)
o 1) 5 10)10) 1) + c10 1) 2 10)11) 0) + e1 1) 5 [0} 1) 1))

1

+wn C12|1>( >|1)|0)\0>+013|1)( >|1)|0)\1>+014|1) (—5>|1>|1>\0>)

wr (s (=3) )

1 1 1
tws(cog [0) 10) |0) [0) + ey [0) [0) ]0) [1) + 23 [0) 10) 1) \0>)

+

+

1 1 1
wa | esy [0) 10) |1)|1>+C45\0)|1>\0> \0>+655\0>\1> |0>\1>>

1 1
+wa (cay 10V 1) 1110) + 72 10) [1)11) 1) + s (= ) 11) 1010} 0))

€

(o (=3) 1100 10y 11+ a0 (=3 ) 1010210 103 + eax (=5 ) 10 1oy 11y 1) )
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o (exa (=5 ) 10 10010) +eaa (=5 ) 10 010y 1)+ exa (=3 ) 1011 1) 10y

(-
s (e (- )|1>\1 )

+2m710 (€010) [0 2 10) 2 10) + <1 0y 10) 2 10) (- ;)\1>+c2\o>\o>( S i0)

1 1 1 1
+ 2710 (€3 10) [0) 2|1>( )|1>+ ca10) [1) 2 10) 10} + 5 [0) 1) \o>( 2)\1>)
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+ % (—¢s5 |0011) + ¢4 [0100) — ¢5 [0101))
+ % (¢ [0110) — ¢7 |0111) + ¢5 [1000))

+ = (—es [1001) + e101010) = ey [1011)
1 % (€12 [1100) — €13 |1101) + c14]1110))
- %015 |1111>

+ % (c0[0000) + €1 [0001) — ¢ [0010))

+ % (=5 |0011) + ¢4]0100) + c5 |0101))
n % (—c6[0110) — ¢7 [0111) + ¢5[1000))
I % (49 [1001) — 10 [1010) — 41 [1011))
+ % (€12 [1100) + €13 [1101) — €14 [1110))
- 71015 [1111)

+ % (o |0000) + ¢; 0001) + ¢, |0010))

+ % (+¢5 [0011) — ¢4 [0100) — ¢5 [0101))
+ % (—¢6|0110) — ¢7 |0111) + ¢5|1000))
+ % (o [1001) + ¢4 [1010) + ¢y [1011))
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93



o
[l
ot
—
—_
—_
—_

)

|
[\3|§

+ = (c010000) + 1 [0001) + ¢, [0010))

n % (c30011) + ¢4]0100) + ¢5[0101))

n % (+¢5 |0110) + ¢7 |0111) — ¢5 |1000))

n % (= [1001) — €19 [1010) — ¢11 [1011))

n % (—c12]1100) — 15 |1101) — ¢4 [1110))

- %015 |1111>

N mJ10 (o [0000) — ¢; ]0001) — ¢ [0010))

L o (¢3]0011) + ¢4 ]0100) — ¢5]0101))
7T<£10 (—cg |0110) + ¢7 [0111) + ¢5 |1000))
0. (e [1001) = e10]1010) + 1y [1011))
7T<;10 (c12|1100) — ¢13 |1101) — c14 [1110))

n ”‘glocu—, 11111)

T 7“;20 (¢010000) — ¢1]0001) + ¢4 [0010))
7J20 (—c3]0011) — ¢4 |0100) 4 ¢5]0101))
mJag

(—c [0110) + ¢7 [0111) + ¢5 [1000))
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7TJ20

(—co [1001) + ¢10 [1010) — 11 [1011))

J
720 (15 [1100) + 13 |1101) — 14 [1110))
+ W‘f%w I1111)
J
+ % (c0 [0000) — ¢ ]0001) + ¢ [0010))
7TJ30

+ =5 (=3 |0011) + ¢4 [0100) — ¢5]0101))

T
+ % (46 0110) — ¢7 [0111) — 5 [1000))

J
+ % (co [1001) — ¢10[1010) + e1y |1011))
T J30
+ T (—012 |1].00> + C13 |1101> — C14 |1].10>)
+ W‘f’ocw 11111)
J
+ 228 (£410000) + ¢1 [0001) — ¢, 0010))
J
T2 (5 [0011) — ¢4 [0100) — c5 [0101))
mJo1
+ 2 (46 [0110) + e [0111) + 5 [1000))
J
+ T2 (00 11001) — €10 [1010) — 1 [1011))
J
T2 (15 [1100) — ¢33 |1101) + ¢34 |1110))
+ m2]21015 1111)
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+ mJ31

(¢o |0000) + ¢; [0001) — ¢, [0010))

7TJ31

+ (—c310011) + ¢4 [0100) + ¢5 [0101))

7TJ31

(—c6[0110) — ¢;|0111) — c5|1000))

7TJ31

(—Cg ‘1001> + C1o |1010> + C11 ‘1011>)

mJ31

(—c12 [1100) — ¢13[1101) + ¢14 [1110))

mJ31

+ Cl5|1111>

+7TJ32

(o [0000) + ¢1 |0001) + ¢, [0010))

4 T J30

(¢5]0011) — ¢4 |0100) — 5 [0101))

7TJ32

(—c6[0110) — ¢7|0111) — c5|1000))

7TJ32

(—Cg ‘].001> — C10 |10].0> — C11 |101].>>

7TJ32

+ (c12 |1100) + ¢15 [1101) 4 14 |1110))

7TJ32

+ Cl5|1111>
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+

wo + w1 +wa + w3z +7Jig + w20 + 7J30 + w21 + 7J31 + 732
2
—wo + w1 +wa +w3 —wJig — wJ20 — wJ30 + wJ21 + w31 + w32
2
wp — w1 +wy +wg —wJig +wJ20 + wJ30 — w21 — w31 + 732
2
—wp — w1 + w2 +wg + w1 — wJag — 7J30 — wJ21 — w31 + w32
2
wo + w1 —wz +wg + wJig — wJ20 + wJ30 — w21 + w31 — w32
2
—wo + w1 — w2 +wg —wJig + wJ20 — wJ30 — wJ21 + wJ31 — w32
2
wp — w1 —wz + w3 —7wJig — w20 + mJ30 + wJ21 — w31 — w32
2
—wo — w1 — w2 + w3 +mJig + wJa0 — w30 + wJ21 — wJ31 — w32
2
wo + w1 + w2 — w3 +wJig + 7J20 — wJ30 + w21 — wJ31 — w32
2
—wo + w1 +wy —w3z —7wJig — wJ20 + 7J30 + wJ21 — wJI31 — wI32
2
wo — w1 +wz —wg —7wJig + w20 — wJ30 — wJ21 + w31 — w32
2
—wp — w1 + w2 — w3 +7wJig — wJ20 + 7J30 — wJ21 + wJ31 — w32
2
wo +wi —wp —wg + 79 — w29 — wJ30 — wJ21 — wJ31 + w32
2
—wo t+ w1 —w2 —wg — wJio + 7J2g + wJ30 — wJ21 — wJ31 + w32
2
wo — w1 —wg —wg — wJig — wJ20 — wJ30 + wJ21 + 7wJ31 + w32
2 c14 [1110))
—wo — w1 —wp —w3 +wJio + 7J2o + w30 + wJ21 + w31 + w32
2

¢o |0000))

1 10001))

¢210010))

c3 |0011))

c4 [0100))

c5 |0101))

cg [0110))

c7 [0111))

(144)
cg |1000))

co [1001))

c10 |1010))

c11]1011))

c12 /1100))

c13|1101))

c15 |1111))

maka dengan demikian dapat leel energi dalam 4 qubit dapat
di buat dalam bentuk tabel berrikut:
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n E4 n

0 woFw1 +w2+w3+7rJ1o+7rJzo+7rJ3o+7rJ21 +7nJ31+7mJ32
1 —wotwi +w2+w3*WJ10*TFJ220*7TJ30+7FJ21 +rJ31+7J32
9 wo—w1 +w2+w3—7rJ1o+7rJ220+7rJ30—7rJ21—7rJ31+7rJ32
3 —Wwo—w1 +OJ2+w3+7rJ1077TJ220*7TJ30*7FJ21*TI'J31 +7J32
4 wotwi —w2+uJ3+7rJ1o—7TJ220+TFJ30—7TJ21 +rJ31—mJ32
5 —wotwi —watws *WJ10+7TJ220 —nJ3o—mJo1+mJ31—7J32
6 wo—w1 —w2+w3—7rJ10—7rJ220+7rJ30+7rJ21 —mwJ31—7mJ32
7 —wo—w1—wa+tws +7rJ10+7TJ220 —nJ3o+nJo1—nmJ31—7J32
8 wotwitwor— w3+7rJ10+7rJ20 wJ3o+m o1 —mJ31—mJ32 s
9 —woFtwiFwas—w3z—mJi0— 7TJ20+7TJ30+7I'J21—TI'J31—7TJ32
10 wo—w1+w2 —w3—7rJ10+7rJ220—7rJ30—7TJ21 +rJ31—mJ32
11 —wo —w1+w2—W3+7rJ10—7ré20+7TJ30—7TJ21+7FJ31 —mJ32
12 wo w1 —w2 —w3+7rJ10—7rJ220—7rJ30—7TJ21—7FJ31 +7J32
13 —wo+w1—w2—W3—WJ10+wézo+ﬂJ3o—7rJ21—7rJ31 +7J32
14 wo—w1—w2 *w3*7TJ10*7FJ220*TFJ30+7rJ21 +rJ31+7mJ32
15 —wo —w1—w2—w3+7rJ10+7rJ220+7rJ30+7rJ21+7rJ31 +7J32

maka dengan demikian berdasarkan tabel energi daripada
sistem 1 qubit, 2 qubit, 3 qubit didapatkan pola umun untuk
sistem level energi untuk N-qubit, yaitu sebagai berikut:

Eng = Nz_:l (—%> Wi+ ZINZf <——)xi@kak, (145)

i=1 k=1 1=0

dengan k # [
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BAB V

PENERAPAN ALGORITMA
DEUTSCH-JOZSA DALAM
SISTEM 4 QUBIT

Dalam aplikasi algoritma 4 qubit maka langkah yang harus
kita cari pertama kali adalah kemungkinan -kemungkinan
fungsi konstan dan fungsi setimbang, yaitu sebagai berikut:
sebelumnya kita definisikan bahwa qubit masukan

|¥) = |zszaz10) (146)

maka dapat kita ambil beberapa kemungkinan untuk fungsi
konstan dan fungsi setimbang yaitu sebagai berikut:

fro =0 (konstan0)
Jrn=1 (konstanl)
Js0 =3 (setimbang0)
fsa=x1 @ o (setimbang]) (147)
f2=212® 21 @1y (setimbang?2)
fs3=x3Dxo 1 a1 (setimbang3)
Jsa = T2x1 B T (setimbang4)

maka dapat kita buat tabel untuk contoh fungsi-fungsi kotak
hitam di atas, yaitu sebagai berikut:
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|$3I2$1$0> Jro | i | Joo | fs1 | fso | fs3 | foa
|0000) 0 1 O} 0] 0} 07]O0
|0001) 0 1 0] 1 1 1 1
|0010) 0 1 0] 1 1 110
|0011) 0 1 O] 00| 0]1
|0100) 0 1 0101 110
|0101) 0 1 O] 10071
|0110) 0 1 O] 1[0 0]1
|0111) 0 1 0101 110
|1000) 0 1 117010110
|1001) 0 1 1 1 1101
|1010) 0 1 1 1 11010
|1011) 0 1 1 {001 1
|1100) 0 1 1 {0 1]0]0
|1101) 0 1 1 1101 1
|1110) 0 1 1 1101 1
|1111) 0 1 1170 11]0/0

total kemungkinan | 1 1 8 |12 | 8 | 2 | 24

kemudian dikarenakan operator unitary memenuhi:
Ui=U;®1 (148)

Up = (=1)!(2) [4)
maka dengan demikian operator unitary untuk fungsi kotak
hitam dapat di tuliskan sebagai berikut:

U =1Q0I®I®I1

Upp=—-1011&1

Up=1011I® 0,

Ug=101®0,®0, (149)
Up=1®0,®0,®0,

U =0.80,80,80,
Uu=1®(I®0.]®[0.®0.])
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di dalam algoritma Deutsh josza untuk 4 qubit dilakukan
beberapa operasi terhadap operator, berikut adalah diagram
daripada operator-operator tersebut: berdasarkan diagram

lo> [ry (w2} [Ry(n)] [ry w)}—i—
lo> Ry (02 ) [ry v} [Ry w2}——
lo> [y 2] v [ryv}—— [Ry )}——
lo= [Ry 2] [Ry o)l [Ry (w2}
po 253 P2 P32 ps ps

Figure 1: Diagram Blok NMR 4 qubit

diatas maka dapat kita tuliskan bahwa

[¥) = 10000) = |0) ® |0) @ [0) ©[0) =

101

OO OO OO OO OO OO oo o

(150)



dan untuk operator densitasnya yaitu:

po = |0000) (0000

1

®(10000000000000O0O0)

OO OO OO OO OO OO o oo
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10000O0O0O0OO0OO0OOO0OO0OO0OO0DQO0
0000O0OO0OO0OO0OO0OO0OOOO0OO0®O0O®O
00000O0O0OO0OO0OO0OO0OOO®O0O®O0O
00000O0OO0OO0OO0OOO0OOOO0OGO OO
00000O0OO0OO0OOOO0OOO®O0O®O 0O
00000O0OO0OO0OOO0OO0OOO®O0O®O 0O
00000OO0OO0OOO0OO0OOOO0OO0®O0O®O
00000O0O0OO0OO0OO0OO0OOO®O0O®O OO
00000O0OO0OO0OO0OO0OO0OOOO0OGO OO
00000O0OO0OO0OO0OO0OO0OOOO0O®O0O®O
0000O0O0O0OO0OO0OO0OO0OO0OOO0O®O0O®O 0O
0000O0OO0OO0OO0OO0OO0OO0OOO0OO0OTO 0O
00000OO0OO0OO0OO0OO0OO0OOO0OO0®O0O®O
00000O0O0OO0OO0OOO0OOOO0O®O0O
00000O0O0OO0OO0OO0OO0OOO®O0O®O OO
00000O0OO0OO0OO0OO0OO0OOO®O0OTO 0O

(151)
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maka matrik py diatas dapat di pecah kembali dalam di-
rect product matriks berikut:

STEINE

Bl zl el 2 A
®BB ] et | R R Pl
I+1 )@(%I—i—[z) (%I ])@(%[‘i‘[z)

1

2

11 1
S lrererel+ s
4{4 @leleliry
1

Z[ IoLolel+l. ®I®I®1)}
L1

IQIQLOL+IQLQIRL+I®L oL oI
il (152)

1
+Z[IZ®I®]®IZ—I—132®I®]Z®I]

1
+Z[IZIZ®I®I+2(I®IZ®IZ®IZ+IZ®I®IZ®IZ)]

1
+RLOLRISL+L.OLOL®T)

+LRLRLK®I,

111 1

1
+ Z [-[22-[02 + IQzllz + I3zIOz + ]3z]1z]

1
+ 1 [I3.1o, + 2 (Lo2112 10, + I3 11200, + I3 10,10, + I5.15.112))]

1
+ Z [4I3z12211z]0z]
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maka dalam keadaan kesetimbangan termal py dapat didekati dengan :

Po =~ I3Z + 122 + ]12 + ]Oz

z z z

1 000O0O0O0O0 O

z

IRIQIQI+ITIRIRLRT+TIRLQ3IRQT+L,RITRIX]

~
~

0
0
0
0
0

01 000O0O0O0 O

001 0O0O0O0O0O O

0001O0O0O0O0 O

00001O0O0O0O O

0
0
0
0
-1
0
0
0
0
0
0

0000O0OO0OT1TO0O O

000O0O0OT1TO0OO0O O
000O0O0O0O0OT1

0
—1

000O0O0O0OO 0O

000O0O0OO0OO0OO0O O

-1

000O0O0O0OO0OO0OD O

0000O0O0O0OO0OO0O O

000O0O0OO0O0OO0O O

000O0O0OO0OO0OO0O O

000O0O0OO0OO0OO0O O

000O0O0OO0OO0OO0OD O
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0 00O0O0 O
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selain itu dari diagram di atas dapat juga diketahui bahwa
operator uniter total dalam algoritma deutsch-josza adalah

sebagai berikut:

(154)

Uior = UsUsUsUp Uy

dimana
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Uy = Uy = (fungsi kotak hitam)

U3:Ry< 2 )®R (2 >®R <2ﬁ)®Ry(%ﬂ)(155)
U=k, (5) e R, (5) R, (5) 2R (5)

U5 — eszt

maka dari perkalian operator uniter tersebut dapat di-
lakukan perkalian terlebih dahulu antara U,Us, yaitu sebagai
berikut:

UiUs = |Ry

=IRIRI®I
sehingga hal ini membuat operator uniter totalnya menjadi

Utot:Ug)([@]@[@[)UgUl

(157)
= UsUs Uy

langkah selanjutnya adalah menentukan Us, dimana ben-
tuk hamiltonian dalam sistem 4 qubit adalah sebagai berikut:

111



H=wlQIQIQL +wnlIRIRQ, QI +wlRI,XIRI
4w, RITRXIRXT+2nJp I RT R, R I,
+2mdol I, QIR I, + 21 J30, QT QI ® I,
42l QI QI QI +2nJ31 [, QT R I, ®1

4213, R, QTR I

maka didapatkan

(158)

Us = exp[—i(wol @ IQRIRI, +wiI®I®I, @I +wal QL @I +w3l, IR IR I)t]

X exp[—i (27J10l @ T Q@ I, ® I, +2wJ20l @ I. ® I ® I, + 2730l IR I ® )]
Xexp[—i(2nJ21 I @I, ® I, @I +27J311. @I ® I, @ [ +27J321, @I, @ I @ I) t]
= R (wot) R(w1t) R (w2t) R (w3t) R(mJ10t) R (wJ20t) R (nJ30t) R (7J21t) R(wJ31t) R (7w 321)

kita definisikan bahwa
Oy =
0, =
=
03 =
0, =
05 =
O =

0; =

Os

09

w()t

2

(160)

(159)



maka pers. 14 dapat dituliskan sebagai berikut:

Us = R (200) R (201) R (20,) R (205) R (40,) R (405) R (496()161)
R (407) R (465) R (40)

dimana
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maka dengan demikian didapatkan untuk operator Us adalah

650

(172)

el e e e e i e el e R e R e R e R e Ry
\8}
<t
=R =R=R=R=R=R=R=eR=R=ReRek i)
QO
[ap)
el =R=R=R=R=l=l=ReReRe R R e No)
\S)
[a\}
CoOOoC OO0 O0c ool OO O
[\
—
CoOO0C OO0 OoCClE OCOoOOo O
[\8}
o
el =R=R=R=R=R=R=R=l A== ReRe )
N8}

OOOOOOOOﬂgeOOOOOO
00000006&0000000
000000&600000000
00000%@000000000
0000&60000000000
OOOM@OOOOOOOOOOO
00&6000000000000
cfococoococo00co0o00OoO
POOOOODOODDOODDO OO
el =R=R=R=R=l=l=ReRe e Ro oo lo)

I
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-
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dengan

Bo = —iEy4 0t B1 = —iE41t
B2 = —iEy4 2t B3 = —iE43t
Ba = —iEy4 4t Bs = —iE4 5t
Be = —iE4 6t Br = —iE4 7t

. . 173
Bs = —iEy4 gt Bo = —iE4 9t (173)
810 = —iE4 10t P11 = —iE4 11t
B12 = —iE4 12t (13 = —ily 13t
B14 = —iEy 14t 15 = —iEy 15t
dan
1
Eo =3 [wo + w1 + w2 + w3 + 7J10 + 7J20 + T30 + w21 + w31 4 TI32]
1
Ey, = 5 [—wo + w1 + w2 + w3 — wJ1g — wJ20 + w30 + wJ21 — wJ31 + wJ32]
1
E; = 5 [wo — w1 + w2 + w3 — wJ10 + w20 + 7J30 — W21 — w31 + TJ32]
1
E3 = 5 [—wo — w1 + w2 + w3 +7J10 — wJ20 — TI30 — wJ21 — W31 + wJ32]
1
By = 5 [wo + w1 — w2 + w3 + 7J10 + 720 + T30 — 721 + w31 — T 32]
1
Es = 5 [—wo + w1 — w2 + w3 — wJ10 + wJ20 — TJ30 — wJ21 + w31 — TJ32]
1
Ee = 5 [wo — w1 — w2 + w3 — wJ1p — TJ20 + TJ30 + wJ21 — TI31 + TJ32]
1
E7 = 5 [~wo — w1 — w2 + w3 + wJio + wJ2g = TI30 + wJ21 — TI31 — wJ32]
(174)

Eg =%[wo + w1 + w2 — w3 +7wJ1g + w20 — wJ30 + w21 — wJ31 — wJI32]
Ey =%[—w0 + w1 + w2 — w3 — 7o — w20 + w30 + wJ21 — wJ31 — wJ32]
E10=%[Wo—w1 + w2 — w3 —wJig + wJ20 — wJ30 — w21 + wJ31 — wJ32]
Eyl =%[—w0 — w1 w2 —w3 +wJ1o — w20 + TJ30 — wJ21 + w31 — 7J32]
Eﬂ:é[wo + w1 — w2 — w3z +7J1p — 20 — TJ30 — wJ21 — TI31 + 7J32]
E13=é[—wo + w1 —wy —w3 — w1 + w20 + wJ30 — w21 — w31 + 7I32]

1
Ei14 = 5 [wo —w1 — w2 — w3z — wJ1g — wJ20 — wJ30 + w21 + wJ31 + WJ32]

1
E15 = 5[—0.10 — w1 — w2 — w3 +wJ1o + wJ2o + wJ30 + w21 + wJ31 + TI32]
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idi

apabila kita mengambil kasus untuk Uy = Uy = I ® I ® [ ® I maka operator unitary totalnya menjadi

U=Us;(IRI®IxI)U;

= UsUy
ebo b _pfo
et e —ebr
P2 b B2
ef3 eBs ePs
b1 _pPr b
eBs eds — b5
s _ P ebe

1 ebr ebr ebr
4 el P _ofs
ePo ePo — P9
810 _ B0 510
el il ebil
P12 _ 2 B2
B3 B3 B3
eb1d _pphd Bid
b5 b5 eb1s

ebo
—ek
— P2
eBs
ePa
— b5
— P
ebr
ePs
— P
— b0
ebil
eB12
— P13
— b4
eb1d

—ePo
—ebr
— P2
—ePs
ebPa
ebs
ebe
ebr
— P8
— P

_6510
_6/811

eb12
eb3
ebr4
eb15

ebo ebo — ePo
—eb eb e
B2 — P2 B2
—_ePs B P
—ePfr b ePa
eBs —ebs b
— P ebBe — P
ebr ebr ebr
ePs ePs — P
— P ePo ePo
B0 _ 810 510

—efl bl Bl

—el2 _fi2 A2
ef13 b3 _ A3

_efd a4
eb15 eb15 eb15

—ePo
—ebr
— P2
—ePs
— P
— b5
—ePs
— P
ePs
ePo
510
ebil
eb12
eb13
ebr4
eb1d

ebo
e
eB?
—eP3
eB1
—ePs
ebfe
— P
— P8
eBo
— b0
ebil
— P2
eb13
— P4
eb15

ebo
b
— P2
pe:
eba
eBs
— ePs
e
— ePs
— P
510
ebil
— P12
_ P13
ebr4
eb15

— ePo
eb
eB2

—eP3

— ePa
ebs
ebfe

—ePr
ePs

— P9

— b0
ebil
eb12

— P13

— P4
eb15

eB3
— ePa
— b5
— ePs
e
— P8
— P
— P10
— Pl
eb12
eb13
ebr4
eb15

— ePo
eb
— P2
B3
eB1
—ePs
efe
—ePr
ePs
— P9
eb10
— Pl
— P2
eb13
— P4
eb15

_eﬂl

— ePs
— P
ePs
ePo
— P10
P
— P2
— b3
ebr4
eb1d

ebo
—ef
— P2
eBs
— ePa
eBs
eBe
—ePr
— P8
ePo
eb10
— Pl
eb12
—ef13
— P4
P15
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Lyl

dan

UT

A~ =

—e P
_6761

6762
J— 6752

J— 6752

6754

67B4
— 6764

6755

67ﬁ6

6757

— 67187

6759
6769

e—P1o
—ePo
e—B1o
—ePo
—e P
e—P1o
—ePo
e—P1o
e—Bo
—e P
e P10
—ePo
—ePo
e—Bo
—ePo
e P10

e P
e—Pn
e~ P
e~ P
—_e P
—e P
—e P
—e P
e~ P
e~ P
e B
e~ P
—e P
e P
e P
—e B

e P12
—e P12
—e P2

e~ P12

e~ P12
—e P2
—e P2

e P12

e~ P12
—e P2
—e P12

e~ P12

e P12
—e P2
—e P2

e P2

e P13
e~ P13
—e P13
—e P13
e~ B3
e P13
—e P13
—e P13
e~ B3
e~ Pz
—e B3
—e P13
e~ P13
e~ B3
—_e P13
—e B3

e Pia
—e P
e Pa
—e P
e Pa
—e P
e—P1a
—e P
e Pa
—e P
e Pa
—e P
e~ P1a
—e P
e~ Pa
— e Pua

e P15
e P15
e P15
e~ P15
e P15
e P15
e P15
e P15
e P15
e~ Pis
e P15
e P15
e—P1s
e P15
e P15
e P15
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71

maka dengan demikian kita dapatkan untuk nilai p5 adalah

ps = UpoU'

ebo — ePo —ePo ebo —ePo ebo ebo —efo _ebo ebo ebo —ePo ebo —ebo b ebo
eb eb — b —eb — b e eb eb —_ebrt b e eb e eb —ek —ebr
eB2 — P2 B2 — P2 — P2 eB2 — P2 eB2 — P2 eB2 — P2 eB2 B2 — P2 B2 — P2
B3 B3 eB3 B3 —ePs B By s _ofs B B _pfs eBs ePs eBs ePs
P bt P eBa eba —efa b b1 — ePa eP1 ePa —efa b ePa ePa —ePa
efs ebs —ebs —ePs eBs efs — b5 —ePs _—eBs b5 eds eBs — b5 —ePs eBs ebs
ebPe — P eBe — P eBe — P eBe —efs P eBe — P eBe — ePs eBe — P eBe

B 1 ebr ebr ebr eb7 ebr ebr ebr eb7 —ePr B Bt Bt Bt Bt Bt B

- Z P P B ePs — P ePs eBs — s s —eBs B ePs — B ePs s — s
eBo ePo —ePs _eBo B P ePo eBo ePo ePo —ePo B P P ePo ePo
ef0 P10 810 810 510 ef0 B0 eb10 B0 o610 b0 _ o810 50 eB10 — b0 eb10
ebil ebil ebil ebil _ePl bl Al pfil Bl ebil ebl ebil —efl il Bl hl
6612 _eﬁl2 _6612 6B12 6512 _6512 _6612 6612 eﬂlQ _6612 _6ﬁ12 6512 €ﬂ12 _eﬂ12 _6ﬁ12 6ﬁ12
eb3 P13 _ b3 _ A3 eb13 P13 b3 _ P33 eb13 —ef13  _fi3 P13 eb13 —ef13 _fi3
ebrd b4 ebrd b4 ebrd b4 ePrd s Pid b4 s _fid eP1d b4 eP1d b4

eb1d eb1d eB1d eb1d eB1d eb1d eB1d eb1d eB15 eb1d eb1d eb1d eB15 eb1d eB1d eb1d
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0ST

|

—e B
— 67181

67B2
— eiﬁZ

J— 67ﬁ2
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e~ A
e~
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e—Pn
—e P
—e P
—e P
—e B

e~ P2
—e P2
—e P2
e~ Pz
e~ Pz
—e P2
—e P2
e~ P2
e~ P2
—_e P2
—e b2
e~ P2
e~ P2
—e P2
e P2
e P2

e P13
e—P13
—e P13
—e P13
e B3
e P13
—e P13
—e P13
e B3
e~ B3
—e P13
—e P13
e—P13
e B3
—e P13
—e B3

e~ Pa
—e P
e—Pa
—e P
e~ Pa
—e P
e~ Pa
—e P
e~ Pa
e P
e P
—e P
e~ Pa
—e P
e~ Pa
— e Pua

e~ P15
e~ P15
e~ P15
e~ Pis
e~ Pis
e Pis
e~ P15
P15
e~ Pis
e~ Pis
e P15
e~ P15
e—Pis
e~ P15
e~ Pis
e b5
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0
8p1,5

coococo® oo

8p13,5
0

0

oo
coocococococod

oo
t©

00
coP ocoocoocoococo®R o

%o

8p11,9
8p13,9

0

808,10
0
0
8p11,10
0
0
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0

SO OO OO o oo

0
8,09,11
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0
0
0
0
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oo
OOCDE o O O O

—

[N}

<
O O O Ox
—
N
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0
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0 0
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[0
OOO:S S OO OO oo
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0
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0
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dengan

p071 — pl,[)* — 6&07/81 p6,7 — ,0776* — 6567’87
Po2 = pao’ = ePo—B2 Pe14 = Prag” = Bs—B1d
Pos = P80’ = el —h P89 = Pos* = eB8—B9

P13 = /33,1* = f1=Ps P10 = ,010,8* — ePs=Po

p1,5 — p5,1* — eﬁl_ﬁs p8,12 — p12’8* — 668_612
P19 = Pg,l* = 1P P11 = ,01179* — ePo—hn
p2,3 - p372* = 6ﬁ27’83 p9713 = p1379* — 6597513

P26 = Pe2” = eP2=Ps p1011 = P1110" = eBro—PBn
P2,10 = 010,2* = 662_510 P10,14 = p14710* — 6510—,314 (179>
P37 = pr3° = efs=hr P12.13 = P1312" = eB12—Ps
P311 = P11,3* = Hhil p12,14 = p14’12* — ePr2—Pu
Pas = P5,4* = P hs P11,15 = P15711* — BPui—Pis
Pa6 = 06,4* = 664_66 P13,15 = p15713* — 6513—515
piiz = praa® = €M7 s = prygst = PP
P57 = prs" = PP P57 = Pr15* = eBr=P1s
P51z = pias" = e Poa = pao* = elohs
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Bs — Bio = =i (Fag — Ex10
By — P11 = —i (Fag — Ean
Bro — P = a1)t
P2 — Prz3 = —i (Ey12 — Eq13)t
)t
)t

)t
)t
Be — Bra = —1i(Esg — Eg1a)t
)t
)t

|
|
1
IS
5
o
|
s
5
=

Bi1— Pis = =t (Ey11 — Ea1s
Bia — Bis = —t
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P15 — Br = —i(Ey15 — Eg7)t



6qr1

dan

E470—E4,1 =wqy + wJig + wJog + wJ30
E4,0—E4,4:w2+7rJ20+7rJ21 + wJ39
Eys1— F4,3 = w1 — mJig + wo1 + 731
Ey1 — FE4,9 = w3 — w30 + mJ310 + T30
Eio— F4,6 = w2+ mJog — o1 + w30
Ey3— FEA4,7T=ws —mJog — o1 + w30
Eyq— F4,5 = wo + mJig — oo + w30
Ey4— F4,12 = w3 + wJ30 + mJ31 — w30
Ey5 — F4,13 = w3 — wJ30 + 31 — mJ32
E476 —F4,14 = w3+ nwJ3g — w31 — w30
E4’8 — F4,10 = wy +nwJo; — w31 + w30
Eig— F4,11 =wy — wJio + mJo1 — w32
E4710 — F4,14 = wy + wJog — wJo1 — w30
E4,12 — F4,14 =w +nwJiyg — o — w31
Ey13 — F4,15 = wy —wJig — o1 — wJ31
Eig— F4,13 = wy — wJog + mJo1 — mJ32

Eio— F4,2 = w +7Jig + mJor + 731
E470 — FE4,8 =w3 +wd3g + w31 + w30
E4’1 — F4,5 =wy — oy + wJo1 + w32
Eyo— F4,3 =wo — mJig + mJog + mJ30
Eio— F4,10 = w3 + wJ30 — mJ31 + w32
Ei3— E4,11 = w3 — wJ3g — wJ31 + w32
Ey4— F4,6 = w +7mJig — o1 + 731
Ey5 — F4,7T=w; —7mJig —mJor + 731
E4’6 — F4,7T=wy — nJig — wJog + 130
E478 —F4,9=wy+ nJig +wJoy — 30
E478—E4, 12 = wo + wJog + w21 — w32
E4’10 —F4,11 =wy — g+ wdoyg — w30
E4712 —F4,13 = wy +7Jig — wJog — w3
E4711 — E4, 15 = W2 — 7TJ20 — 7TJ21 —7TJ32
Ey14 — F4,15 = wy — wJyg — wJog — w30
Ey15 — B4, 7T = w3 +mJ30 + mJ31 + w32
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maka dengan demikian suku-suku tidak nol dari matriks ps

menjadi:

po,1 = pP1,o°
£0,2 = 02,0*
P04 = P4,0*
P08 = Ps,o*
P1,3 = P3,1*
P15 = pPs51°
pLo =po1” =e
p2,3 = p32"
P26 = P6,2"

p2,10 = P10,2"
P37 =pr3"
p3,11 = P11,3"
pas = P54’
Pa6 = P64
pa12 = 124
P57 = P75
pP5,13 = P13,5*
P67 = P?,G*
6,14 = /314,6*
P89 = pPog”
p8,10 = 010,8*

*
Ps8,12 = P12,8

e—i(w0+7rJ10+7TJ20 +7J30)t
e—i(wl +rJio+mJ21+mJ31)t

e—l'(W2+7rJ20+7TJ21 +7J32)t

e*i(w3+7rJ30+7TJ31 +mJ32)t
efi(wl —mJiot+mJ21+7J31)t
e—i(w2—7rJ20+7TJ21 +7J32)t
—i(wz—mJ30+mJ310+mI32)t

e_i(WO_WJIO'f'ﬂ'JQO +mJ30)t
e*i(w2+7rJ20*7TJ21 +7J32)t
e~ HwstmJz0—mJ31+7J32)t
e—i(wz —mJog—mJ21+7wJ32)t

e—i(wg —mJ30—mJ31+7I32)t

e*i(woJrTrJlofﬂJzo +7J30)t
6*i(UJ1 +rJio—mJo1+mJ31)t
e—i(w3+7rJ3o+7TJ31—7rJ32)t

e—i(wl —mJio—mJ21+7J31)t

e—i(w3—7rJ30+ﬂ'J31 —7J32)t
e*i(Wo*ﬂjlofﬂJQO +mJ30)t
e~ i(wstmso—m 31 —mJ32)t
e—i(wo+7rJ10+7rJ20 —7J30)t

e i(witm a1 —m Iz +mJ30)t

e—i(w2+TrJ20+7TJ21 —mJ32)t

156

(182)



P9.11 = P11,9"
£10,11 = 011,10*
£10,14 = P14,10*
p12,13 = pP13,12"
p12,14 = P14,12"
p11,15 = P15,11"

p715 = P157"
P13,15 = P15713*
P14,15 = P15,14"

*
£9,13 = P13,9

e—i(un —mJio+mJa1 —mJ32)t
e—i(wo—ﬂJlo +mJoo—mJ30)t
e—i(wg +mJoo—mJ21 —mJ32)t
efi(woJrﬂJlo —7mJao—mJ30)t
e—i(wl +rJio—mJ21 —mwJ31)t
e—i(wg —mJoo—mJ21—mJ32)t
e—i(wg —nJ3g—mJ31—mJ32)t
671'(0.)1 —nJio—mJ21—mJ31)t
efi(wofﬂJlo —7mJao—mJ30)t

e—i(wg—ﬂ]zo+7r]21—7rj32)t
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setelah di dapatkan matriks densitas p; maka dapat diukur

nilai magetisasi dari sistem M, , untuk mengukur nilai mag-

netisasi sebelumnya harus ditentukan terlebih dahulu repre-
sentasi matriks daripada operator penaik dari masing-masing

qubit :

yaitu sebagai berikut:
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maka dapat ditentukan nilai magnetisasi dari masing-

masing qubitnya yaitu sebagai berikut:
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tr (Is4ps5)

Msy = (I34) =

(188)

P80 + Po1 + pPro2 + p11,3 + P12,4 + P135 + P1ae + P15
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tr (Io4ps5)

Moy = (Io4) =

(190)

11
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tr (114p5)

My = (I1y) =

(192)
13
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Moy = (Io4) = tr (Io+ps) (194)
= P10+ P32+ P52+ P16 T Pog + P11,10 T P13,12 T P15,14

maka dengan demikian nilai magnetisasi total dari sistem
adalah sebagai berikut:

Mot = M3y + Moy + My + Moy
= pg,0 + P91+ Pro2 + P11,3 T P12.4 + P135 + P1a6 + P15,7
+ P10 T P51+ Pe2 T P73+ Pr28 T P139 T L1410 T P1511
+ P20+ P31+ Peat prs + Pros + P11,9 + Pra12 + L1513
+ P10+ P32 + P54+ P76+ Pog + P11,10 + P13,12 T P15,14
— ei(w3+7rJ30+7rJ31+7rJ32)t + ei(W3—7rJ3o+7rJ31+7rJ32)t

+ 6i(W3+7rJ30—7rJ31+7rJ32)t + ei(w3—7rJ3o—7rJ31+7rJ32)t

+ ei(w3+7TJ30+7rJ31—7TJ32)t + ei(w3—7TJ30+7rJ31—7TJ32)t

+ ei(w3+7rJ30*7rJ31*7TJ32)t + ei(w3*7TJ30*7rJ31*7TJ32)t

+ ei(w2+7rJ20+7rJ21+7TJ32)t + ei(w2*7rJ20+7rJ21+TrJ32)t

+ gi(watm oo —mJo1+m J32)t + gi(wa—mJ20—mJ21+mJ32)t (195)

+ 6i(wz-&-7TJ20-|-7FJ21—7TJ32)t + ei(wz—WJ20+7rJ21—7rJ32)t

+ 6¢(W2+7FJ20—7FJ21—7TJ32)t + ei(uJ2—7rJ20—7rJ21—7rJ32)t

+ ei(W1+7rJ10+7rJ21+7TJ31)t + ei(W1—7rJ10+7rJ21+7rJ31)t

+ ei(w1+7TJ10—7FJ21+7TJ31)t =+ ei(wl—ﬂJlo—WJm-i-ﬂ’Jm)t

+ 6i(w1+7TJ21*7FJ31+7TJ30)t 4 ei(wlfﬂJerﬂJm*ﬂJsz)t

4 6i(tl-11+71‘J10*7l'J21*71'u731)t 4 ei(wlfﬂ’Jlofﬂ'JM*ﬂ'JSl)t

+ ei(w0+7rJ10+7rJ20+7TJ30)t + ei(WO*WJ10+7rJ20+TrJ30)t

+ ei(w0+7rJ10—7rJ2o+7rJ30)t + ei(wo—ﬂJlo—WJ2o+7rJ30)t

+ ei(wo+7rJ10+7rJ20—7rJ30)t + 6i(w0—ﬂ'J10+ﬂ'J20—ﬂ'J30)t

+ 6i(wo+7rJ10—7rJ2()—7TJ30)t + 6i(w0—7rJ10—7rJ2()—7rJ30)t
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kemudian didapatkan juga untuk sinyal FID sebagai berikut:

—Rot
S = MtOte 2
—(R2—i(ws+mJ30+mJ31+7J32))t —(R2—i(ws—mJ30+7mJ31+mJ32))t
+e

=e
+ e*(Rz*i(W3+TrJ30*7TJ31+7rJ32))t + e*(Rz*i(w3*7rJ30*7TJ31+7TJ32))t
+ e*(RQ*i(UJ3+TrJ30+7TJ31*7TJ32))t + e*(RQ*i(wsfﬂJsoJrﬂJSl*ﬂJsz))t
+ ¢~ (R2—i(ws+mJs0—mJ31—7J32))t + ¢~ (R2—i(ws—mJs0—mJ31—mJ32))t
+ ¢~ (R2—i(watmao+m /o1 +mJ52))t + ¢ (Rz2—i(wa—mJao+mJ21+m]32))t
+ ¢~ (R2—i(watmao—mJo1+mJ32))t + e~ (R2—i(wa—mJao—mJ21+mJ32))t
+ 6—(32—1'(W2+TFJ20+7TJ21—7TJ32))t + 6—(R2—i(w2—7rJ20+7rJ21—7TJ32))t
+ e—(Rz—i(wz-HrJzo—ﬂJm—7TJ32))75 + 6—(R2—i(w2—7rJ20—7rJ21—WJ32))(196)
4 e—(R2—i(w1+TrJ10+7TJ21+7TJ31))t 4 6—(R2—i(w1—7rJ10+71-J21+7rJ31))t
4 e*(R2*i(w1+TrJ10*7TJ21+ﬂ'J31))t + e*(RQ*i(wl*7I'J10*7TJ21+7TJ31))1‘/
+ e~ (Rz—i(witm a1 —mJ31 47 J30))t + e~ (Rz—i(wi—mJi0+7J21 -7 J32))t
+ e~ (Rz—i(witmJio—mJ21—mJ31))t + e~ (Rz—i(wi—mJio—mJ21—mJ31))t
+ ¢~ (R2—i(wotmJio+mJ20+mJ30))t + e~ (Rz—i(wo—mJ10+mJ20+mJ30))t
+ 6—(R2—i(w0+7rJ10—7TJ20+7TJ30))t + 6—(R2—i(wo—WJ10—7rJ20+7TJ30))t
+ 6—(R2—i(w0+7rJ10+7TJ20—7rJ30))t + 6—(Rz—i(wo—ﬂJ10+7rJ20—7TJ30))t
+ e—(R2—i(WO+7rJ10—7TJ20—7TJ30))t + 6—(R2—i(wo—WJw—WJQo—?TJso))t

dimana Ry = T%
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kemudian dapat di cari terlebih dahulu untuk perkalian
antara S (t) e yaitu sebagi berikut:
S (t) e—iwt — e—(Rz—i(ws—w-Hszo+7rJ31+7rJ32))t
+ e*(R2*i(w3*W*WJ30+7TJ31+7TJ32))t
+ o~ (Re—i(ws—wmJzo—mJs1+mJ2))t
+ ¢~ (R2—i(ws—w—mJs0—mJ31+7J32))t
+ ¢~ (R2—i(ws—wtmJs0+mJ31 -7 J32))t
+ o (Re—i(ws—w—mJso+m 31 —mJ32))t
+ e—(Rz—i(W3—w+7rJ3o—7TJ31—7rJ32))t
+ e—(RQ—i(w3—w—7rJ30—7TJ31—7rJ32))t
+ e*(R2*i(w2*w+TrJ20+7TJ21+7TJ32))t
+ ef(Rgfi(wg7w77rJ20+7TJ21+7TJ32))t
+ ¢~ (Re—i(w2—wtm oo —mJ21+7J32))t
+ o~ (R2—i(w2—w—mJoo—mJ21+7J32))t
+ o~ (R2—i(wz—wtm 2ot Jo1 —mJ32))t
4 ¢ (Re—ilwa—w—mJaotmio1—mJ32))t
+ o~ (Ra—i(w2—wtmJoo—mJo1—mJ32))t
+ e—(R2—i(w2—w—TrJ20—7TJ21—7TJ32))t
4 e*(R2*i(w1*w+7rJ10+7TJ21+7TJ31))t
+ e*(szi(wl*w*ﬂJ10+7TJ21+7TJ31))t

+ e—(RQ—’i(wl —w+nJio—mJ21+7J31))t
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+ e~ (Re—i(wi—w—mJio—mJ21+mJ31))t
+ o~ (R2—i(wi—wtm o —mJ314mJ30))t
+ o~ (Re—i(wi—w—mJig+mJo1—7Js2))t
+ o~ (Re—i(w1—wtmJig—m o —mJa1))t
4 ef(RQ*i(U-u*w*WJ10*7I'J21*7TJ31))t
+ e*(RQ*i(wo*w+7TJ10+7rJ20+7TJ30))t
+ 6*(Rz*i(w()*w*WJloJrﬂJQoJrﬂJso))t (197)
+ ¢~ (R2—i(wo—wtmJio—mJ20+mJ30))t
+ ¢~ (R2—i(wo—w—mJi0—mJ20+mJ30))t
+ 6—(R2—i(wo—W+7rJ10+7rJ2o—7TJ3o))t
+ e—(R2—i(WO—w—WJ1o+7rJ20—7TJ30))t
+ e—(R2—i(WO—w+7TJ10—7rJ20—7TJ30))t

+ e (R2 77:((.00 7LU77TJ1077TJ2077T]30))t
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Transformasi Fourirer dari sinyal FiD adalah sebagai berikut:

S (w) = / S (1) e~ at
0

o~ (Ro—i(wg—w+tmJzg+mJg1+7J32))t

T —(R2 —i(ws —w+mJ30 + w31 + wJ32))
e~ (Ra—i(wz—w—mJ3g+mJ31+mJ32))t

+ -
— (R2 —i(w3 —w — mJ30 + 7J31 + 7J32))
e~ (R2—i(wg—wtmJgg—7mJ31+7J32))t

+
—(R2 — i(w3 —w+ mJ30 — 7J31 + 7J32))
e~ (Rp—i(wg—w—mJ3g—mJ31+7J32))t

+
—(R2 —i(w3 —w — mJ30 — wJ31 + 7J32))
67(R27'i(w3—w7WJ3077rJ31+1rJ32))t

—(R2 —i(wg —w —mJg0 — mJ31 + mJ32))
o~ (Ro—i(wg —w—mJ30+mJz1 —wJ32))t

—(R2 —i(wg —w—mJg0 + J31 — 7J32))
e~ (R —i(wg—w+nJgg—7J31—mJ32))t

— (R2 — it (w3 — w + wJ3g — wJ3; — wJ33))
e~ (Rg—i(wg—w—mJgg—7J31 —7J32))t

—(R2 —i(wg —w —mJ30 — mJ31 — 7J32))
e~ (R2—i(wp—w+mJog+mJo1+7J32))t
+
—(R2 —i(w2 —w+ wJz0 + 7J21 + mJ32))
e~ (Ro—i(wg—w—mJgg+mJa;+7J32))t

—(R2 —i(w2 —w — w20 + mJ21 + mJ32))
o~ (Rg—i(wy —wtmJog—mJag +mJ32))t

+
— (R —i(w2 —w+ wJag — wJ21 + wJ32))
e~ (R —i(wg—w—mJyg—mJa1+mJ32))t

—(R2 —i(w2 —w —mJgg — mJ21 + mJ32))
e~ (Ro—i(wg—w+mJog+mJ21 —7J32))t

+
—(Rg — i (wg —w+ w20 + wJ21 — wJ32))
e~ (R2—i(wy—w—mJyo+mJ21 —7J32))t

—(R2 —i(w2 —w —mJag + mJ21 — 7J32))
67(R27i(w2—w+7rJ2077rJ21—1rJ32))t

—(R2 —i(w2 —w+ w20 — w21 — 7J32))
e~ (Rp—i(wp—w—mJ3g—7wJ21 —7J32))t

—(R2 —i(w2 —w — mJa0 — mJ21 — wJ32))
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o~ (Ro—i(wy —wtmJig+mJa1+mT31)t o~ (Ro—i(w1 —w—mJig+mJaq+mJ31))t

+
—(R2 —i(w1 —w+7wJio +7J21 +7J31)) — (R2 —i(w1 —w—7mJig + 7J21 + 7J31))
e~ (R2—i(wy —wtmJig—mJo1+7J31))t e~ (R2—i(wy —w—mJjg—7wJ21+mJ31))t

+ +
—(R2 —i(w1 —w+nJig —wJ21 +7J31)) —(R2 —i(w1 —w—mJig — w21 + 7J31))

e~ (R2—i(wy—w+mJgy —mJ314+7J30))t e (R2—i(wi—w—mJyg+mJa1 —7J32))t

+ + ,
—(R2 —i(w1 —w+7wJ21 —7wJ31 +7J30)) —(R2 —i(w1 —w—mJig + 721 — 7J32))

e~ (Rp—i(wy —wtmJig—7J21 —7J31))t e~ (Rg—i(wy—w—mJig—7J21 —7J31))t

+ -
—(R2 — i (w1 —w+ wJig — wJo1 — wJ31)) —(R2 — i (w1 —w —7wJ1g — w21 — 7J31))
e~ (Ra—i(wo—wtmJyg+mJ20+7JI30))t e~ (R —i(wo—w—mJig+mJo+mJ30))t

+ +
—(R2 —i(wo —w+7Jio +7J20 + mJ30)) — (R2 —i(wo —w — wJig + 7J20 + 7J30))

Ef(szi(wofw#»leO77rJ20+7rJ30))t Ef(Rz—i(wo7w—7rJ1077rJ20+7rJ30))t

+ -
—(Rz —i(wo —w+mJig — mJ20 + 7J30)) — (R2 —i(wo —w — wJ1g — wJ20 + 7J30))
e~ (Ra—i(wo—w+mJig+mJa0—7J30))t e~ (Ra—i(wg—w—mJyg+mJ20—7JI30))t

+ +
—(R2 —i(wo —w+mJig + mJ20 — 7J30)) — (R2 —i(wo —w — wJig + wJ20 — 7J30))

+

e~ (R2—i(wg—wmJ1g—7J20—7J30))t e~ (Ro—i(wg—w—wJig—mJ20—7J30))t

+ -
—(R2 —i(wo —w+wJig — mJ20 — ®J30)) — (R2 —i(wo —w — mJ1g — mJ20 — 7J30))
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1 1

- + -
(R2 —i(ws —w+7J30 +7mJ31 +J32)) (R2 —i(w3 —w—mJ30 + wJ31 + 7J32))

1 1
+ - + -
(R2 —i(w3s —w+7mJ3g —J31 + 7J32)) (R2 —i(ws —w — wJ30 — wJ31 + wJ32))
+ ! + !
(R2 —i (w3 —w —7wJ3g — wJ31 + wJ32)) (R2 —i(ws —w —7wJ30 + wJ31 — wJ32))
+ ! + !
(RQ —i(wg —w+wJ3g — wJ31 — 7rJ32)) (R2 —1 (w3 —w —wJ3g — wJ31 — wJ32))
+ ! + !
(R2 —i(w2 —w+7mJoo +7Jo1 + 7J32)) (R2 —i(w2 —w — wJag + w21 + wJ32))
+ ! + !
(R2 —1 (wg —w+7wJog — o1 + 7I'J32)) (R2 —1 ((}.}2 —w —7wJog — wJ21 + 7TJ32))
+ ! + !
(R2 —i(w2 —w+ 7o + mJ21 — wJ32))  (R2 —i(w2 —w — wJao + w21 — wJ32))
+ ! + !
(R2 —i(wa — w+ mJag — wJ21 — wJ32)) (R2 — i (w2 —w — mJag — wJa1 — wJ32))
+ ! + !
(R2 —i(w1 —w+nJig +7J21 +7J31))  (R2 —i(w1 —w —wJio + 7J21 + 7J31))
+ ! + !
(R2 —i(w1 —w+7wJ1o — wJ21 + 7J31)) (R2 —i (w1 —w —7wJig — wJa1 + 7J31))
+ ! + !
(R2 —i (w1 —w+7mJor — w31 +7J30)) (R2 —i(w1 —w —wJig + w21 — wJ32))
" 1 i 1
(R2 —i(w1 —w+7mJig —7Jor —7J31))  (R2 —i(w1 —w —wJig — w21 — wJ31))
+ ! + !
(R2 —i(wo —w+7Jio +7J20 +7J30)) (R2 —i(wo —w—7Jio + mJ20 + 7J30))
+ ! + !
(R2 —i(wo —w+mJio — 20 +7J30)) (R2 —i(wo —w — wJ1o — wJ20 + 7J30))
n 1 " 1
(R2 —i(wo —w+7mJio +7J2o — wJ30)) (R2 —i(wo —w — wJig + wJ20 — wJ30))
+ ! + !
(R2 —i(wo —w+7wJig — w2 —7rJ30)) (RQ —i(wo —w —7mJig — wJ2o —7TJ30))
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+

+

+

+

+

+

+

+

+

+

+

+

+

+

R2 4 i (w3 — w4 wJ30 + mJ31 + 7J32)

Ro + i (w3 —w — wJ30 + wJ31 + 7J32)

Ro? + (w3 — w + wJ30 + w31 + wJ32)?
Ry + i (w3 —w + wJ30 — wJ31 + wJ32)

+

Ro? 4 (w3 — w — w30 + wJ31 + wJ32)°
Ry + i (w3 —w —7wJ30 — mJ31 + mJ32)

Ro? + (w3 — w + wJ30 — w31 + wJ32)>
Ro +i(ws —w — wJ30 — wJ31 + 7J32)

+

Ro? + (w3 — w — mJ30 — wJ31 + mJ32)>

Ry + i (w3 —w —wJ30 + wJ31 — wJ32)

Ro? 4 (w3 — w — w30 — mJ31 + wJ32)? * Ro? + (w3 — w — wJ30 + mJ51 — mJ32)?
R2+i(W3—w+7TJ30—7TJ31 —7!‘]32) n R2+i(OJ3 —w —7mJ3g — w31 —7TJ32)
R22 + (w3 —w+wJ30 — wJ31 — 7TJ32)2 R22 + (w3 —w —7wJ3g — wJ31 — 7TJ32)2
Ry + i (w2 —w+ wJag + w21 + wJ32) n Ry +i (w2 —w — wJag + w21 + wJ32)
Ro? + (w2 — w + oo + mda1 + mJ32)%  Ro? + (w2 — w — wJao + w21 + ml32)?
Ry +i(w2 —w+ 2o — w21 + wJ32) " Ry +i (w2 —w — oo — w21 + wJ32)
Ro? 4 (w2 — w4 mJog — wJo1 + wJ32)%  Ro? 4 (w2 — w — wag — who1 + wJ32)?
Ry +i(w2 —w+ wJao + w21 — wJ32) " Ra + i (w2 —w — wJ20 + w21 — wJ32)
Ro? + (w2 — w4 mJog + w21 — wJ32)%  Ro? + (w2 — w — w20 + w21 — wJ32)>
R2+i(UJ27w+TrJ2077TJ2177‘(‘.]32) I R2+i(WQ7w77TJ2077TJ21771‘]32)

Ro? + (w2 —w+ mJag — w21 — 7TJ32)2
Ry + i (w1 —w + wJio + wJo1 + wJ31)

+

Ro? + (w2 — w — mJag — mJa1 — wJ32)?
Ro +i (w1 —w — wJig + 7J21 + 7J31)

Ro? + (w1 —w + mJio + wJa1 + mJ31)>
Ro+i (w1 —w+ wJio — w21 + 7J31)

Ro? + (w1 —w — wJig + w1 + mJ31)>
Ro+i (w1 —w—wJig — wJ21 + 7J31)

Ry? + (w1 —w + 10 — ma1 + mJ31)?
Rz +i (w1 —w+7mJ21 — wJ31 + wJ30)

+

Ro? 4 (w1 —w — w10 — wJo1 + wJ31)?
Ry +i(wy —w—mJio + mJ21 — wJ32)

Ro? + (w1 — w + wJo1 — wJ31 + mJ30)?
Ry +i(w1 —w+7wJio — wd21 — wJ31)

+

Ro? 4 (w1 —w — w10 + mJo1 — wJ32)?
Rz—i—i(wl —w —7wJig — w21 —7TJ31)

Ro? + (w1 — w + wJ10 — mJa1 — mJ31)?
R2 + i (wo —w + wJ10 + 7J20 + mJ30)

+

Ro? + (w1 —w — mJ1g — a1 — mJ31)>
Ry +i(wo —w — wJio + w20 + wJ30)

Ry? + (wo — w + 10 + 20 + mJ30)?
Ra +1i(wo —w + w10 — wJ20 + 7J30)

+

Ro? + (wo — w — wJ10 + mJao + wJ30)?
Ry +1i(wo —w — wJig — wJ20 + wJ30)

Ro? + (wo — w + mJ10 — mJag + mJ30)>
Ro + i (wo —w + wJio + wJ20 — 7J30)

Ro + (wo —w —7mJig — wJog + 7TJ30)2

n R +i(wp —w — wJ1o + wJ2o — wJ30)

Ry? + (wo — w + mJ10 + w20 — mJ30)2
Ro +1 (wo —w+ wJig — wJ2g — wJ30)

Ra + (wo — w — w10 + wJeo — wJ30)°
Ry + i (wo —w — wJ10 — wJ20 — wJ30)

+
Ra? 4 (wo — w + wJ10 — wJao — wJ30)?
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maka dengan demikian diperoleh :

A(w)

R2 R>
= +
Ro? + (w3 —w + mJ30 + w31 + mJ32)>  Ra? + (w3 — w — w30 + w31 + 1J52)2
R2 R2
+ -3 7t 253 p)
Ro® + (w3 —w + wJ30 — wJ31 + wJ32) Ro® 4 (w3 —w — wJ30 — wJ31 + wJ32)
R2 + R2
Ro2 + (w3 —w —7wJ30 — wJ31 + 7TJ32)2 R22 + (w3 —w — wJ30 + 7J31 — 7TJ32)2
n R2 R>
Ro? + (w3 —w 4 wJ30 — wJ31 — wJ32)%  Ro? + (w3 —w — wJag — w31 — wJ32)>
R2 R2
+ -3 7t 53 p)
Ro® + (w2 — w + wJ2g + wJ21 + wJ32) R2” + (w2 —w — w2 + wJ21 + 7J32)
RQ R2
+ -3 7t 53 2
Ry® 4 (w2 — w + mJ20 — mJ21 + 7 J32) Ro® + (w2 —w — wJ20 — mJ21 + 7J32)
n R2 R>
Ro? + (wo — w4 wJag + w21 — wJ32)%  Ro? + (w2 — w — wJag + w21 — wJ32)>
Ro " Ro
Ro? + (w2 — w + wJag — mda1 — mJ32)%  Ra? + (w2 — w — wJag — w1 — w32)? (198)
RQ R2
o3 3t o3 2
Ra* 4 (w1 — w4 7J1o + 7J21 + 7 J31) Ro® + (w1 —w — wJ1o + 7J21 + 7 J31)
R2 RQ
+ -3 7t 23 p)
Ro® + (w1 —w~+ wJio — wJ21 + 7J31) Ro® + (w1 —w — wJig — wJ21 + 7J31)
+ fa + e
Ro? + (w1 — w+7wdo1 — wds1 + wJ30)%  Re? + (w1 — w — wJio 4+ w21 — w32)?
R2 R2
2 7t 53 p)
Ro® + (w1 —w + wJig — wJ21 — wJ31) Ro? 4 (w1 —w — wJig — wJo1 — wJ31)
RQ RZ
+ -3 7t 23 p)
R2® + (wo — w + wJ10 + wJ20 + 7©J30) R2* 4 (wo — w — wJ1o + wJ20 + 7J30)
+ R + f2
R2? + (wo —w + wJio — w20 + mJ30)2  Ra + (wo — w — w10 — wJ20 + mJ50)2
R2 R2
+ o3 7+ p)
Ro® + (wo — w + wJ1o + wJ20 — wJ30) Ry + (wo — w — wJio + wJ20 — wJ30)
R2 R2

Ra? 4 (wo — w + w10 — wJeo — wJ30)°
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dan diperoleh juga:

i(wg —w + wJ30 + wJ31 + 7J32)

i (w3 —w —wJ30 + wJ31 + wJ32)

(199)

Ro? + (wo — w + mJ10 + 720 + wJ30)>
7 (wo —w+wJig — wJ2g + 71‘.]30)

Dw) = Ro? + (w3 —w + 7J30 + 7J31 + 7J32)%  R2? + (w3 —w — wJ30 + w31 + wJ32)>
i (w3 —w + wJ30 — wJ31 + wJ32) i(ws —w —7mJ30 — wJ31 + wJ32)
Ro? + (w3 —w+7wJ30 — w31 + 7J32)>  Re? + (w3 — w — wJ30 — w31 + mJ32)?
i(wg —w —mJ30 — wJ31 + wJ32) i (w3 —w — wJ3g + wJ31 — wJ32)
Ro? + (w3 —w — mJ30 — mJ31 + mJ32)%  Ra? + (w3 — w — mJs0 + w31 — mJ32)?
i(w3 —w+ wJ30 — wJ31 — wJ32) i(ws —w —7J30 — wJ31 — wJ32)
Ro? + (w3 —w + 7J30 — wJa1 — wJ32)%  R2? + (w3 —w — wJ30 — wJ31 — wJ32)>
i (w2 —w+mJao + wJa1 + 7J32) i (w2 —w —wJao + wJa1 + 7J32)
R2? + (w2 — w + wJ20 + w21 +7TJ32)2 Ro? + (w2 — w — mJag + w1 +7FJ32)2
i (w2 —w + wJ20 — w21 + wJ32) i (w2 —w — wJag — w21 + wJ32)
Ro? + (w2 —w + wJag — a1 + wJ32)%  R2? + (w2 —w — wJao — w21 + wJ32)>
i (we — w+ wJoo + wJ21 — wJ32) i (w2 —w — wJ20 + w21 — wJ32)
R2? + (w2 — w4 wJ20 + 721 — 7I'J32)2 Ro? + (w2 —w — g + wJo1 — 7T1732)2
i (w2 —w+ wJ2g — wJ21 — wJ32) i (w2 —w — w2 — wJ21 — wJ32)
Ro? + (wg —w + mJog — a1 — wJ32)?  Ro? + (w2 — w — w20 — mha1 — mwJ32)?
i (w1 —w+ mJio + wJ21 + wJ31) i (w1 —w —7Jig + wJ21 + wJ31)
Ro? 4 (w1 —w+wJio + wJa1 + 7I'J31)2 Ro? + (w1 —w—7Jio + o1 + 7TJ$1)2
7 (wl —w+wJig — wJ21 + 71']31) i(wl —w—7wJig — w21 + 7I'J31)
Ro? 4 (w1 —w + w10 — mdo1 +7J31)%  R2? + (w1 — w — wJio — w1 + wJ31)2
n i(wl—w—i-TrJQl —7I'J31—|—7TJ30) i(wl —w—wJio + w21 — wJ32)
Ro? + (w1 —w+ a1 — w31 +mJ30)2  Re? 4 (w1 —w — w1 + w1 — mJ32)°
i (w1 —w+mJig — wJa1 — wJ31) (w1 —w —wJig — wJ21 — wJ31)
R22 + (w1 —w+wJ1g — wJ21 — 7rJ31)2 R22 4+ (w1 —w —7wJip — wJ21 — 71'JBI)2
" i (wo —w + wJ1o + wJ20 + 7J30) i (wo —w — wJ1o + wJ20 + wJ30)

Ro? + (wo — w — wJ10 + w20 + wJ30)>
i(wo —w —7mJig — wJ2g + 7TJ30)

Ro? 4 (wo — w + w10 — wJag + wJ30)2
i(wo —w+ mJ1o + wJ20 — wJ30)

Ro + (wo — w — mJ10 — mJag + wJ30)?
1 (wo —w — wJ1o + wJ20 — wJ30)

Ro? + (wo — w + mJ1o + w20 — wJ30)>
i (wo —w+ wJio — wJ20 — wJ30)

Ra + (wo — w — w10 + mJeo — wJ30)°
i(wo —w — wJ10 — wJ20 — wJ30)

R22 + (wo —w+7wJig — mJog — 7I'J30)2

R22 —+ (UJO —w—mnJig —mwJ2g — 7TJ30)2

kita telah memperoleh persamaan (162) yang menggam-

barkan nilai magnetisasi pada sumbu-x. Berikut adalah grafik
daripada persamaan (162), diamana data yang dipakai untuk

masing-masing qubit adalah sebesar w3 = H00M Hz,w, =
300MHZ,W1 = QOQMHZ,(JJO = 126MHZ, J32 = 12,J31 =
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11,J21 = 10, Jgg = 9, JQ() = 8;J10 = 7, RQ =7 spektrum

Grafik My untuk Uko
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Figure 2: Grafik untuk Uko

yang terbentuk menggambarkan 4 buah puncak tertinggi
dari doblet dimana setiap spektrum berisi 2 puncak tertinggi,
secara berturut-turut multiplet dari kiri ke kanan merepre-
sentasikan dari qubit-3, qubit-2, qubit-1, qubit-0. masing-
masing multiplet terdiri dari 2 puncak yang mengarah keatas
hal ini mengindikiasikan bahwa setiap qubit adalah dalam
keadaan spin up, atau keadaan |0), jadi pembacaan hasil al-
goritma berupa |000). Kedua puncak yang mengarah keatas
dari setiap qubit menunjukkan bahwa tidak muncul keadaan
terbelit dalam sistem 4 qubit apabila Uy, = UkO.
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apabila diambil kasus untuk Us = 0, ® I ® I ® I maka diperoleh untuk bentuk operator uniter totalnya adalah sebagai berikut:

UsUUy

U:

Us (0, I®Ix1)U;

650

0

eﬁl

cood

0 0
s 0
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dengan
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Po2 = pao’ = ePo—B2 Pe14 = Prag” = Bs—B1d
Pos = P80’ = el —h P89 = Pos* = eB8—B9

P13 = /33,1* = f1=Ps P10 = ,010,8* — ePs=Po

p1,5 — p5,1* — eﬁl_ﬁs p8,12 — p12’8* — 668_612
P19 = Pg,l* = 1P P11 = ,01179* — ePo—hn
p2,3 - p372* = 6ﬁ27’83 p9713 = p1379* — 6597513

P26 = Pe2” = eP2=Ps p1011 = P1110" = eBro—PBn
P2,10 = 010,2* = 662_510 P10,14 = p14710* — 6510—,314 (204>
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Pas = P5,4* = P hs P11,15 = P15711* — BPui—Pis
Pa6 = 06,4* = 664_66 P13,15 = p15713* — 6513—515
piiz = praa® = €M7 s = prygst = PP
P57 = prs" = PP P57 = Pr15* = eBr=P1s
P51z = pias" = e Poa = pao* = elohs
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Bs — Bio = =i (Fag — Ex10
By — P11 = —i (Fag — Ean
Bro — P = a1)t
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|
|
1
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5
o
|
s
5
=

Bi1— Pis = =t (Ey11 — Ea1s
Bia — Bis = —t
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E470—E4,1 :w0+7rJ10+7rJ20~|—7rJ30
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E471—E4,32u)1—7TJ10+7TJ21+7TJ31
E471—E4,QZW3—7TJ30+7TJ310+7TJ32
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E4,4—E4,12ZW3+7TJ30+7TJ31—7TJ32
E4’5 - E4, 13 = Ws —7TJ30+7TJ31 —7TJ32
E476—E4,14:(U3+7TJ30—7TJ31—7TJ32
E478—E4,10:w1+7ﬂ]21—7TJ31+7TJ30
E479—E4,11:W1 —7TJ10+7TJ21—7TJ32
Eyjo — B4, 14 = wy + o — mJor — 32
E4,12 — E4, 14 = w1 +7TJ10 —7TJ21 — 7T<]31
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maka dengan demikian suku-suku tidak nol dari matriks
ps menjadi:
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prs=p3at = o i(wi—m 1o 4w o)+ I3t

p1,5 = P5,1* _ e—i(w27WJ20+7rJ21+7rJ32)t

pro =poa* = e H@3TmI30F T 310+ 52)t

p2,3 =p32* = e~ Hwo—mJ10+7I20+7I30)t

pog = pe2t = o~ ilwatmiag—mJay +mI30)t

—i Jzo—mJ Ja2)t
p2,10 = p1o,2” = ¢ @330 =T 3147 32)
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—i(wg—mJ30—m I3 +7T32)t
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—i(wg—mJ: Jg1—mJ32)t
ps,18 = p13,5” = ¢~ (W37 TIs0HTI51 = 52)

* —i(wo—mJyg—mJ. J30)t
per =pr6" =e i(wop—mJ10—7J20+7JI30)
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6,14 = p1a,6”™ = e {(W3TTI30 =T I31 =7 52)

ps.o = pos® = o~ i(wotmI10+m a0 —7J30)t

—i Jgp—mJ Ja0)t
ps.10 = pro,g* = e HW1tmI21—mIg147I30)

—1 J Joq1 —mJ: t
ps,12 = pr2,g” = ¢ HW2FmI20 21— I32)

—iwy —mJ10+m a1 —mIga)t
po,11 = p11,0" = ¢ {1710+ T2 =7 52)

—i(wo—mJ Jag—mJ30)t
p10,11 = p11,10" = ¢ @010+ mI20 =7 30)

* —i(w wJog—mJo1 —7J t
10,14 = p1a,10” = e (w2207 21 32)

—i J1o—m a0 —mJT30)t
p12,13 = p13,12” = e H(WOFTTI10= 20 =7 I50)

e~ HwitmJg—7J21 —7J31)t
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P12,14 = P14,12

w _  —i(wg—mJgg—mJyy —mwJ32)t
p11,15 = p15,11" = e (W27 TI20 772177 52)
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pris =pis7t = e (w3 30—7J31—7J32)

—i(wy—wJ1g—mJag —mJ31)t
13,15 = p15,13" = e (Y1107 I21 =7 51)
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p1a,15 = p15,04" = ¢ (20 10=mJ20=730)

—i(wg—7J; Jo1—mJgo)t
po.13 = pi30* = e i(wg —mJ0+mJ21 —7J32)

maka dapat ditentukan nilai magnetisasi dari masing-masing
qubitnya yaitu sebagai berikut:
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tr (Io4ps5)

Moy = (Io4) =

(210)

11

P40 + P51+ Pe2 + P73+ pPi2g + P139 T L1410 T P15
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o 0 0 0 0 0 —psua O
0 0 0 0 0 0 0 —pP7,15
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Pa g 0 0 P9,11 0 09,13 0 0

pog 0 0 pon 0 0 010,14 0
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tr (Io4ps5)

My = (Ioy) =

(212)
13

P2,0 + P31+ Pea+ P75+ Prog T P11,9 T P1a12 T P15

dan
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pi2g 0 0 0 0 p12,13  P12,14 0
0 £13,9 0 0 P13,12 0 0 £13,15
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Moy = (Io4) = tr (Io+ps) (214)
= P10+ P32+ P52+ P16 T Pog + P11,10 T P13,12 T P15,14

maka dengan demikian nilai magnetisasi total dari sistem
adalah sebagai berikut:

Mot = M3y + Moy + My + Moy
= —pP8,0 — P91 — P10,2 — P11,3 — P12,4 — P13,5 — P14,6 — P15,7
T+ P10+ P51+ Pe2 T P73+ P28+ P13,9 T Pra10 Tt P1511
+ P20+ P31+ peat prs + pros + P11,9 + Pra12 + P1513

+ P10+ P32+ P54+ pre+ Pog+ P11,10 + P13,12 T P15,14
— _6i(w3+7rJ30+7rJ31+7rJ32)t _ ei(W3—7rJ30+7rJ31+7rJ32)t

i(ws+mJzo—mJ31+7mJ32)t

o e'( t(wz—mJ30—7J31+7J32)t

6'(

i(wstmJ3o+mJs1—mJ32)t _ i(ws—mJ30+7 31— J32)t

— € €

w3+7rJ30771'J3177rJ32)t 7 UJ377TJ3077T]3177TJ32)t

— ¢ I
+ ei(w2+7rJ20+7rJ21+7TJ32)t + ei(w2*7rJ20+7rJ21+TrJ32)t
+ ei(w2+7rJ20—7rJ21+7TJ32)t + ei(w2—7rJ20—7rJ21+7rJ32)t (215)
+ 6i(wz-&-7TJ20-|-7FJ21—7TJ32)t + ei(wz—WJ20+7rJ21—7rJ32)t
+ 6i(w2+7rJ20—7rJ21—7rJ32)t + ei(wg—ngo—TrJ21—7rJ32)t
+ ei(W1+7rJ10+7rJ21+7TJ31)t + ei(W1—7rJ10+7rJ21+7rJ31)t
+ ei(w1+77J10—7rJ21+7rJ31)t + ei(wl—ﬂ'Jlo—ﬂ'J21+Tl’J31)t
+ 6i(w1+7rJ2177rJ31+7rJ30)t + el’(wlfﬂ'Jl()*I»ﬂ'JQl*ﬂng)t
+ 6'L'(u.)1+71'J1077rng771'J31)t + 62’(0.)1771‘]10771’]217#]31)t
+ ei(w0+7rJ10+7rJ20+7TJ30)t + ei(WO*WJ10+7rJ20+TrJ30)t
+ ei(w0+7rJ10—7rJ2o+7TJ30)t + ei(wo—ﬂJlo—WJ2o+7rJ30)t
+ ei(wo+7rJ10+7rJ20—7rJ30)t + 6i(w0—ﬂ'J10+ﬂ'J20—ﬂ'J30)t

+ 6i(wo+7rJ10—7rJ2()—7TJ30)t + 6i(w0—7rJ10—7rJ2()—7rJ30)t
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kemudian didapatkan juga untuk sinyal FID sebagai berikut:

S == MtOte_RQt
— _ o (Ra—ilwstmJsotmdsitns))t _ —(R2—i(ws—mJs0+mJa1+mJs2))t
o 67(RQ77;(W3+7TJ3077TJ31+7TJ32))t _ 67(RQ7'L’(UJ377TJ30777J31+7TJ32))1:
. 67(RQfi(w3+7TJ30+7TJ3177rJ32))t . e*(RQ*i(wgfﬂJ30+ﬂ’J31fﬂJgg))t
_ 67(R27i(W3+7TJ3077TJ3177FJ32))t _ 67(R27i(0037ﬂ']3077r(]3177FJ32))t

+ ¢~ (R2—i(watmao+m /o1 +mJ52))t + ¢ (Rz—i(wa—mJao+mJ21+mJ32))t
+ ¢~ (R2—i(watmao—mJo1+mJ32))t + e~ (R2—i(wa—mJoo—mJ21+mJ32))t
+ 6—(32—1'(W2+TFJ20+7TJ21—7TJ32))t + 6—(R2—i(w2—7rJ20+7rJ21—7TJ32))t
+ e—(Rz—i(wz-HrJzo—ﬂJm—7TJ32))t + 6—(R2—i(W2—7rJ20—7FJ21—7TJ32))t (216)
4 e—(R2—i(w1+TrJ10+7TJ21+7TJ31))t 4 6—(R2—i(w1—7rJ10+71-J21+7rJ31))t
4 e*(R2*i(w1+TrJ10*7TJ21+ﬂ'J31))t T e*(RQ*i(wl*7I'J10*7TJ21+7TJ31))1‘/
+ e~ (Rz—i(witm a1 —mJ31 47 J30))t + e~ (Rz—i(wi—mJio+7J21 -7 J32))t
+ e~ (Rz—i(witmJio—mJ21—mJ31))t + e~ (Rz—i(wi—mJio—mJ21—mJ31))t
+ ¢~ (R2—i(wotmJio+mJ20+mJ30))t + ¢~ (Rz—i(wo—mJ10+mJ20+mJ30))t
+ 6—(R2—i(w0+7rJ10—7TJ20+7TJ30))t + 6—(R2—i(wo—WJ10—7rJ20+7TJ30))t
+ 6—(R2—i(w0+7rJ10+7TJ20—7rJ30))t + 6—(Rz—i(wo—ﬂJ10+7rJ20—7TJ30))t
+ e—(R2—i(WO+7rJ10—7TJ20—7TJ30))t + 6—(R2—i(wo—WJw—WJQo—?TJso))t

dimana Ry = T%
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kemudian dapat di cari terlebih dahulu untuk perkalian
antara S (t) e ™" yaitu sebagi berikut:

S (t) efiwt —

_ e~ (R2—i(wz—wtmJzo+mI31+7J32))t _ —(R2—i(wg—w—mJ3o+mJ31+7J32))t
e~ (Re—i(wz—w+mJzo—7J31+7J32))t _ —(R2—i(wg—w—mJ30—mJ31+7J32))t
e~ (Re—i(wz—w+mJzo+mJ31—7J32))t _ —(R2—i(wg—w—mJgo+mJ31—7J32))t
_ o~ (R2—i(wg—w+mJgo—mJ31—7J32))t _ —(R2—i(wz—w—mwJ30—mJ31—7J32))t
4 e~ (R2—i(wa—w+mJao+mJ21+7JI32))t 4 e~ (Re—i(wa—w—mJao+mJ21+7J32))t
4 e~ (R2—i(wa—w+mJao—7Ja1+7J32))t 4 e~ (R2—i(wz—w—mJyo—mJa1+mJ32))t
4 g~ (Re—i(wz—wtmdaotmoi—mJ52))t | o~ (Re—i(wz—w—mJao+mt21—7wJ32))t
4 e~ (Ra—i(wa—wtmJao—mJa1 =7 J32))t | o—(Ro—i(wa—w—mJao—7Jo1—7J32))t
4 e~ (Re—i(wri—wtmJiotnoi+mdzi))t 4 o~ (R2—i(wi—w=mJio+mJ21+7J31))t
+ e~ (Re—i(wi—wtmJio—mJ21+mJ31))t 4 ,~(Re—i(wi—w—mJio—7Ja1+7J31))t
4 e~ (Re—i(wi—wtmJar —wJ31+7J30))t | o= (R2—i(wi—w—mJio+mJ21 —7J32))t
4 e~ (Re—i(wi—wtmJio—nJ21 =7 J31))t | o= (Re—i(wi—w—mJig—mJ21—7J31))t
4 e~ (Re—i(wo—wtmJio+m20+mI30))t 4 o= (R2—i(wo—w—mJ1o+mJ20+7J30))t
4 e~ (Re—i(wo—wtmJio—mJ20+mJ30))t | o= (R2—i(wo—w—mJ10—mJ20+7J30))t
4 e~ (Re—i(wo—wtmJio+w20—mJ30))t | o~ (R2—i(wo—w—mJio+mJI20 =7 J30))t

4 e~ (Re—i(wo—wtmJio—mJ20—7J30))t | o~ (Re—i(wo—w—mJ10—7J20—7J30))t
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Transformasi Fourirer dari sinyal FiD adalah sebagai berikut:

S (w) = /s (t) e=it g
0

e~ (Re—i(wz—w+mJzo+mJ31+7J32))t

e~ (Re—i(wg—w—mJ3o+7J31+7J32))t

= . +
(R2 — i (w3 —w + wJ30 + wJ31 + wJ32))

e~ (R2—i(wg—w+mJz0—mJ31+mJ32))t

(R2 —i (w3 —w —wJ30 + wJ31 + 7J32))

e~ (Re—i(wz—w—mJ30—mJ31+mJ32))t

+ +
(R2 —i (w3 —w+mJ30 — wJ31 + 7J32))

e~ (R2—i(wz—w—mJzg—7J31+mJ32))t

(R2 —i (w3 —w —7J30 — wJ31 + wJ32))
e~ (R2—i(wg—w—mJzo+7mJ31—mJ32))t

+ - +
(R2 — i (w3 —w —wJ30 — wJ31 + wJ32))

e (Re—i(wz—w+mJz0—7wJ31—mJ32))t

(R2 —i(ws —w —7mJ3g + wJ31 — wJ32))

e (Re—i(wz—w—mJ3g—mJ31—mJ32))t

- +
(R2 — i (w3 —w+ wJ30 — wJ31 — wJ32))

e~ (R2—i(wa—w+mJao+mJ21+7J32))t

(R2 —i (w3 —w —7wJ3g — wJ31 — wJ32))
e~ (R2—i(wa—w—mJao+mJ21+7mJ32))t

+ ;
—(R2 —i (w2 — w+ mJ2o + wJ21 + wJ32))
e~ (Re—i(wa—w+mJag—mJ21+mJ32))t

+

—(R2 —i (w2 —w —7wJao + wJ21 + wJ32))
e~ (R2—i(wa—w—mJzo—mJ21+mJ32))t

+ -
—(R2 —i (w2 —w+ wJ2o — wJo1 + wJ32))
e~ (Re—i(wa—w+mJoo+mJ21 —mJ32))t

+

—(R2 —i(w2 —w —7wJ2o — wJ21 + wJ32))
e~ (R2—i(wa—w—mJzo+mJ21 —7mJ32))t

+ -
— (R2 — i (w2 —w+ 7w + wJ21 — 7rJ32))

67(R2 —i(wo—wHmJog—7mJa1 —7J32))t

+

—(R2 —i (w2 —w — wJao + wJ21 — wJ32))
e~ (R2—i(wa—w—mJzg—7J21—7J32))t

+ : +
- (R2 —1 (UJQ —w+7wJyg — o1 — 7'I'J32))

e~ (R2—i(wy—wtmJig+mJ21+7J31))t

—(R2 —i (w2 —w — 7wJag — wJ21 — wJ32))
e~ (Re—i(wi—w—mJio+7mJ21+mJ31))t

+ : +
(R2 —i(w1 —w+ wJio + 7J21 + 7J31))

e~ (Re—i(wi—w+mJig—7Ja1+7J31))t

(R2 —i(w1 —w —7Jio + wJa1 + 7J31))
e—(szi(wl7w77TJ1077rJ21+77J31))t

+ - +
(R2 — i (w1 —w+ wJig — wJ21 + wJ31))

e~ (Re—i(wi—w+mJ21 —7J31+7J30))t

(Re —i(w1 —w —7wJi0 — w21 + 7J31))
e~ (Re—i(wi—w—mJig+mwJa1—mJ32))t

+ +
(R2 —i(w1 —w+mJ21 — mJ31 + 7J30))

e~ (R2—i(wi—wtmJio—mJ21 —7J31))t

(R2 —i(w1 —w —7wJio + wJ21 — wJ32))

e~ (R2—i(wi—w—mJig—mJ21—7J31))t

+ - +
(R27’L(UJ1 —w+wJig — wJ21 771’]31))

e~ (Re—i(wo—w+mJ19+mJ20+7JI30))t
+

(R2 —i(w1 —w—7Jig — wJa1 — wJ31))
e~ (R2—i(wo—w—mJ19+mJ20+7J30))t

—(R2 — i (wo — w+ mJ10 + mJ20 + 7 J30))
e~ (R2—i(wo—w+mJig—7J20+mJ30))t

—(R2 — i (wo —w — wJ10 + wJ20 + 7J30))
e~ (R2—i(wo—w—mJig—mJ20+mJ30))t

+ ;
—(R2 —i(wo — w+ wJio — wJ20 + wJ30))
e~ (Re2—i(wo—w+mJio+mJ20—7J30))t

J’_

—(RQ —i(w() —w —7TJ1() —7TJ20 +71'J3()))
e~ (R2—i(wo—w—mJig+mJ20—mJ30))t

+
— (R2 —i(wo —w+ mJ10 + wJ20 — wJ30))
e~ (R2—i(wo—w+mJi0—mJ20—mJ30))t

+

—(R2 —i(wo —w —7wJ1o + mJ20 — wJ30))
e~ (R2—i(wo—w—mJig—mJ20—7J30))t

+ : +
—(R2 —Z(wo —w+7wJig — w2 —7I'J30))
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—1 1

(R2 —i(ws —w+7J30 +7J31 +7J32)) (R2 —i(w3 —w—mJ30 + wJ31 + 7J32))

1 1
(R2 —i(w3s —w+7mJ3g —J31 + 7J32)) (R2 —i(ws —w — wJ30 — wJ31 + wJ32))

1 1
(R2 —i (w3 —w —7wJ3g — wJ31 + wJ32)) (R2 —i(ws —w —7wJ30 + wJ31 — wJ32))

1 1
(R2 —i(ws —w+7J3zg — wJ31 — 7rJ32)) (R2 —1 (w3 —w —wJ3g — wJ31 — wJ32))

+ ! + !
(R2 —i(w2 —w+7mJoo +7Jo1 + 7J32)) (R2 —i(w2 —w — wJag + w21 + wJ32))

+ ! + !
(R2 —1 (wg —w+7wJog — o1 + 7I'J32)) (R2 —1 ((}.}2 —w —7wJog — wJ21 + 7TJ32))

+ ! + !
(R2 —i(w2 —w+ 7o + mJ21 — wJ32))  (R2 —i(w2 —w — wJao + w21 — wJ32))

+ ! + !
(R2 —i(wa — w+ mJag — wJ21 — wJ32)) (R2 — i (w2 —w — mJag — wJa1 — wJ32))

+ ! + !
(R2 —i(w1 —w+nJig +7J21 +7J31))  (R2 —i(w1 —w —wJio + 7J21 + 7J31))

+ ! + !
(R2 —i(w1 —w+7wJ1o — wJ21 + 7J31)) (R2 —i (w1 —w —7wJig — wJa1 + 7J31))

+ ! + !
(R2 —i (w1 —w+7mJor — w31 +7J30)) (R2 —i(w1 —w —wJig + w21 — wJ32))

" 1 i 1
(R2 —i(w1 —w+7mJig —7Jor —7J31))  (R2 —i(w1 —w —wJig — w21 — wJ31))

+ ! + :
(R2 —i(wo —w+7Jio +7J20 +7J30)) (R2 —i(wo —w—7Jio + mJ20 + 7J30))

+ ! + !
(R2 —i(wo —w+mJio — wJao + 7J30)) (B2 —i(wo —w — w10 — mJ20 + 7J30))

n 1 " 1
(R2 —i(wo —w+7mJio +7J2o — wJ30)) (R2 —i(wo —w — wJig + wJ20 — wJ30))

+ ! + !
(R2 —i(wo —w+7wJig — w2 —7rJ30)) (RQ —i(wo —w —7mJig — wJ2o —7TJ30))

215



+

+

+

+

+

+

+

+

+

+

Ry +i (w3 —w + wJ30 + wJ31 + wJ32)

Ro +i(ws —w — mwJ30 + w31 + 7J32)

_R22 + (w3 — w + 7 J30 + 731 + wJ32)? - Ro? + (w3 — w — wJ30 + wJ31 + wJ32)>

Ry + i (w3 —w + wJ30 — wJ31 + wJ32)

Ry + i (w3 —w —7wJ30 — mJ31 + mJ32)

Ro? + (w3 — w + wJ30 — w31 + wJ32)>

Ro? + (w3 — w — mJ30 — wJ31 + mJ32)>

Ry +i(ws —w—mJso — w31 +mJ32)  Ro+i(ws—w—mlso+ 731 —m32)
Ro? 4 (w3 —w — mJ30 — mJ31 + 1J32)%  Ro? 4 (w3 — w — w30 + mJ31 — wJ32)?
R2+i(W3—w+7TJ30—7TJ31 —7!‘]32) _ R2+i(OJ3 —w —7mJ3g — w31 —7TJ32)
Ro? + (w3 —w +7wJ30 — 31 — mJ32)%  Ra? + (w3 — w — wJz0 — w31 — wJ32)?
Ry + i (w2 —w+ wJag + w21 + wJ32) n Ry +i (w2 —w — wJag + w21 + wJ32)
Ro? + (w2 —w + ma0 + a1 + mJ32)®  Ra? + (w2 — w — mJag + w21 + wJ32)”
Ry +i(w2 —w+ 2o — w21 + wJ32) " Ry +i (w2 —w — oo — w21 + wJ32)
Ro? 4 (w2 — w4 mJog — wJo1 + wJ32)%  Ro? 4 (w2 — w — wag — who1 + wJ32)?
Ry +i(w2 —w+ wJao + w21 — wJ32) Ra + i (w2 —w — wJ20 + w21 — wJ32)
Ro? + (w2 — w4 mJog + w21 — wJ32)%  Ro? + (w2 — w — w20 + w21 — wJ32)>
R2+i(UJ27w+TrJ2077TJ2177‘(‘.]32) I R2+i(WQ7w77TJ2077TJ21771‘]32)

Ro? + (w2 —w+ mJag — w21 — 7TJ32)2
Ry + i (w1 —w + wJio + wJo1 + wJ31)

Ro? + (w2 — w — mJag — mJa1 — wJ32)?
Ro +i (w1 —w — wJig + 7J21 + 7J31)

Ro? + (w1 —w + mJio + wJa1 + mJ31)>
Ro+i (w1 —w+ wJio — w21 + 7J31)

Ro? + (w1 —w — wJig + w1 + mJ31)>
Ro+i (w1 —w—wJig — wJ21 + 7J31)

Ry? + (w1 —w + 10 — ma1 + mJ31)?
Rz +i (w1 —w+7mJ21 — wJ31 + wJ30)

+

Ro? 4 (w1 —w — w10 — wJo1 + wJ31)?
Ry +i(wy —w—mJio + mJ21 — wJ32)

3 3+
Ro® + (w1 — w+ wJo1 — wJ31 + 7J30)

Ry +i(w1 —w+7wJio — wd21 — wJ31)

Ro? 4 (w1 —w — w10 + mJo1 — wJ32)?

Rz—i—i(wl —w —7wJig — w21 —7TJ31)

Ro? + (w1 — w + wJ10 — mJa1 — mJ31)?
R2 + i (wo —w + wJ10 + 7J20 + mJ30)

+

Ro? + (w1 —w — mJ1g — a1 — mJ31)>
Ry +i(wo —w — wJio + w20 + wJ30)

Ry? + (wo — w + 10 + 20 + mJ30)?
Ra +1i(wo —w + w10 — wJ20 + 7J30)

+

Ro? + (wo — w — wJ10 + mJao + wJ30)?
Ry +1i(wo —w — wJig — wJ20 + wJ30)

Ro? + (wo — w + mJ10 — mJag + mJ30)>
Ro + i (wo —w + wJio + wJ20 — 7J30)

Ro + (wo —w —7mJig — wJog + 7TJ30)2

n R +i(wp —w — wJ1o + wJ2o — wJ30)

Ry? + (wo — w + mJ10 + w20 — mJ30)2
Ro +1 (wo —w+ wJig — wJ2g — wJ30)

Ra + (wo — w — w10 + wJeo — wJ30)°
Ry + i (wo —w — wJ10 — wJ20 — wJ30)

+
Ra? 4 (wo — w + wJ10 — wJao — wJ30)?
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maka dengan demikian diperoleh :

A(w) =

+

(218)

R2 Ry
Ro? + (w3 —w + w30 + 31 + mJ32)?  Ra? + (ws — w — mJ3g + mJ31 + mwJ32)°
R2 R2
Ry? — (w3 —w + 30 — 31 + mJ32)?  Ro? + (w3 — w — mJ30 — wJ31 + wJ32)°
R2 R2
Ro2 + (w3 —w —7wJ30 — wJ31 + 7TJ32)2 R22 + (w3 —w — wJ30 + 7J31 — 7TJ32)2
R2 R>
Ro? + (w3 —w 4 wJ30 — wJ31 — wJ32)%  Ro? + (w3 —w — wJag — w31 — wJ32)>
R2 R2
+ o3 _ —2 T 53 o 2
Ro* + (w2 — w + mJ20 + mJ21 + mJ32) Ro® + (w2 —w — mJ20 + 721 + 7 J32)
RQ R2
+ o3 _ — 3t o3 o — 2
Ro® + (w2 —w+mJ20 — mJ21 +wJ32)°  R2® + (w2 —w — w20 — w21 + mJ32)
R2 n R>
Ro? + (wo — w4 wJag + w21 — wJ32)%  Ro? + (w2 — w — wJag + w21 — wJ32)>
Ry " Ry
R2? + (w2 — w + mJ2o — w21 —7TJ32)2 R2? + (w2 — w — wJa0 — w21 —7TJ32)2
RQ R2
T _ 3t == o 2
Ra* 4 (w1 — w4 7J1o + 7J21 + 7 J31) Ro® + (w1 —w — wJ1o + 7J21 + 7 J31)
R2 RQ
o3 _ _ 3t 53 — _ 2
Ro? + (w1 —w+mJio —wJor + J31)°  Ro? + (w1 —w —7wJio — wJ21 +7J31)
+ f2 + Rz
Ro? + (w1 — w+7wdo1 — wds1 + wJ30)%  Re? + (w1 — w — wJio 4+ w21 — w32)?
R2 R2
2 3t o3 2
Ro® + (w1 —w + wJig — wJ21 — wJ31) Ro? 4 (w1 —w — wJig — wJo1 — wJ31)
Ro Ro

+ 3 5 T
R2? + (wo — w + mJ10 + 7J20 + wJ30)

+ 5 5 +
Ro® + (wo — w + wJio — wJ20 + wJ30)

+ 3 5 +
R + (wo — w + wJ1o + wJ20 — wJ30)

Ro

R2? + (wo — w — wJig + wJao + mJ30)>

Ro

Rs

Ro + (wo — w — wJ1g — wJao + mJ30)2

Ra

Rs

Ra + (wo — w — wJ1op + wJag — wJ30)?

Ro

Ra? 4 (wo — w + w10 — wJeo — wJ30)°
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dan diperoleh juga:

i (w3 —w+7wJ30 + wJ31 + wJ32)

i (w3 —w — wJ30 + 7wJ31 + wJ32)

Dw) = Ro? + (w3 —w + mJ30 + 731 + 7J32)%  Re? + (w3 — w — w30 + w31 + mJ32)?
_ i (w3 —w+ wJ3g — wJ31 + wJ32) B i(ws —w —7mJ30 — wJ31 + wJ32)
Ro? + (w3 —w + mJ30 — w31 +mJ32)®  Re? 4 (w3 —w — w30 — w31 + mJ32)°
B i(wg —w —mJ30 — wJ31 + wJ32) B i (w3 —w — wJ3g + wJ31 — wJ32)
Ro? + (w3 —w — mJ30 — mJ31 + 7J32)%  Ra? + (w3 — w — mJs0 + w31 — mJ32)?
_ i(w3 —w+ 7wtz — wJ31 — wJ32) _ i(ws —w — 739 — wJ31 — wJ32)
Ro? + (w3 —w + wJ30 — wJa1 — wJ32)%  R2? + (w3 —w — wJa0 — wJ31 — wJ32)>
i (w2 —w+ 2o + w21 + wJ32) i (w2 —w — oo + wJ21 + wJ32)
R2? + (w2 — w4 wJ20 + 721 + 7I'J32)2 Ro? + (w2 —w — oo + o1 + TI’J32)2
i (w2 —w + wJ20 — w21 + wJ32) i (w2 —w — wJag — w21 + wJ32)
Ro? + (w2 —w + wJag — a1 + wJ32)%  R2? + (w2 —w — wJao — w21 + wJ32)>
i (we — w+ oo + wJ21 — wJ32) i (w2 —w — wJ20 + w21 — wJ32)
R2? + (w2 — w4 wJ20 + 721 — 7I'J32)2 Ro? + (w2 —w — o + w21 — 7TJ:32)2
i (w2 —w + wJ2g — wJ21 — wJ32) i (w2 —w — wJ2g — w21 — wJ32)
Ro? + (w2 —w + wJag — w21 — wJ32)%  R2? + (w2 —w — wJao — w21 — wJ32)>
i (w1 —w+ mJio + wJ21 + wJ31) i (w1 —w —7Jig + w21 + wJ31)
Ro? 4 (w1 —w+wJio + wJa1 + 7I'J31)2 Ro? + (w1 —w —7Jio + o1 + 7TJ$1)2
7 (wl —w+nwJig — wJ21 + 71']31) i(wl —w—7wJig — w21 + 7I'J31)
Ro? 4 (w1 —w + 1o — wdo1 +7J31)%  R2? + (w1 — w — wJio — w1 + wJ31)2
n i (w1 —w+ w21 — w31 + wJ30) i (w1 —w —wJio + w21 — wJ32)
Ro? + (w1 —w 4 mJo1 — wJ31 + 7mJ30)>  Ro? 4 (w1 — w — wJio + mJa1 — wJ32)?
i (w1 —w+wJig — wJa1 — wJ31) (w1 —w —wJig — w21 — wJ31)
R2? + (w1 — w + wJ1g — o1 —7TJ31)2 Ro? + (w1 —w —7J1g — o1 —7FJ31)2
" i (wo —w + wJio + wJ20 + wJ30) i (wo —w — wJ1o + wJ20 + wJ30)

Ro? + (wo — w + mJ10 + 720 + wJ30)>
7 (wo —w+wJig — wJ2g + 7TJ30)

Ro? + (wo — w — mJ10 + w20 + mJ30)>
i(wo —w —7wJig — wJ2g + 7TJ30)

Ro? + (wo — w4 mJ1p — w20 + 7J30)2
i (wo —w+ mJ1o + wJ20 — wJ30)

Ro + (wo — w — wJ10 — wJag + wJ30)?
t(wo —w — wJio + wJ20 — wJ30)

Ro? + (wo — w + mJ1o + w20 — wJ30)>
i (wo —w+ wJio — wJ20 — wJ30)

Ra + (wo — w — w10 + mJeo — wJ30)°
i(wo —w — wJ1g — wJ20 — wJ30)

R2? 4 (wo — w + wJ1g — wJ20 — 7I'J30)2

Ra? 4 (wo — w — wJ1g — mJ20 — wJ30)?

berdasarkan persamaan (182) maka didapatkan grafik seba-

gai berikut:
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Figure 3: Grafik untuk UsO

data yang dipakai untuk masing-masing qubit adalah sebe-
sar w3 = DOOMHz,wy = 300MHz,wy = 202MHz,wy =
126MHz, J3o =12, J31 = 11, Joy = 10, J390 = 9, Jog = 8, J1o =
7, Ry = 7. untukuy = Uyg = 0, ® [ ® I ® I berdasarkan grafik
Mx untuk Uy maka didapatkan ada 3 multiplet mengarah
keatas dan 1 multiplet mengarah ke bahwa dan dapat dike-
tahui bahwa multiplet yang mengrah keatas adalah qubit-
3, qubit-2, dan qubit-1 sedangkan multiplet yang mengarah
ke bawah adalah qubit-0, sehingga hal ini mengindikasikan
keadaan down-up-up-up atau [0001). berdasarkan grafik terse-
but diketahui bahwa 2 puncak mengarah mengikuti arah 4
puncak multiplet sehingga tidak terjadi keadaan terbelit un-
tuk Uy = Uy

Dengan cara yang serupa dihasilkan komponen magneti-
sasi terhadap sumbu-x utnuk fungsi-fungsi lainnya, berikut
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adalah grafik-grafiknya:

Grafik My untuk Us1
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Figure 4: Grafik untuk Usl

untuk wo = Ug = [ ® [ ® 0, ® 0, dapat diketahui
berdasarkan grafik diatas bahwa ada 2 multiplet yang men-
garah keatas dan 2 yang lain mengarah kebawah. Sehingga
didapatkan keadaan up-up-down-down, secara berturut-turut
berikut adalah qubit yang mengalami keadaan tersebut yaitu:
qubit-3(up), qubit-2(up), qubit-1(down) dan qubit-0 (down),
sehingga keadaan dari sistem tersebut adalah |0011). Berdasarkan
arah 2 puncak pada masing-masing multiplet menunjukkan
keadaan terbelit juga belum terjadi untuk U, = Uy
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Grafik My untuk Us2

05

04t

03F

02F

01r

Il
(]

0.1 F

N2F

03F

o4t

05 1 1 1 1
-200 1] 200 400 600 800 1000
i)

Figure 5: Grafik untuk Us2

berdasarkan Grafik Mx utuk Uy maka dapat diketahui
bahwa ada 1 buah qubit dalam keadaan up dan 3 qubit yang
lainnya dalam keadaan down, sehingga secara berturut-turut
qubit-qubit tersebut adalah qubit-3(up), qubit-2(down), qubit-
1(down), qubit-0(down). Maka dengan demikian grafik terse-
but menunjukkan sistem dengan keadaan [0111), Selain itu
bersdasarkan arah 2 puncak dalam masing-masing multiplet-
nya menunjukkan arah yang sama dengan arah puncak mul-
tipletnya, maka diketahui belum terjadi keadaan terbelit un-
tuk sistem us = Uy = I QR o, ® 0, ® 0,
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Grafik My untuk Us3
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Figure 6: Grafik untuk Us3

berdasarkan Grafik Mx utuk Uy dapat diketahui bahwa
keempat puncak multiblet berada di bawah nol, hal ini me-
nunjukkan bahwa semua qubit mengalami keadaan down, se-
hingga sistem ini menunjukkan keadaan |1111), dan berdas-
rakan arah 2 puncak dari masing-masing multipletnya mengikuti
arah puncak multiplet sehingga tidak terjadi keadaan terbe-
lit untuk keadaan uy = Uy =0, R o, ® 0, ® 0,
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Grafik My untuk Usd
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Figure 7: Grafik untuk Us4

berdasarkan Grafik Mx utuk Uy, dapat diketahui bahwa 1
buah qubit dalam keadan up, 2 buah qubit dalam keadaan
yang tercampur, dan 1 buah qubit dalam keadaan down.
untuk 2 buah qubit yang dalam keadaan campuran adalah
qubit-2 dan qubit-1, sehingga keadaan terbelit sudah
terjadi untuk sistem dengan Uy = I ® ([ @ 0,] @ [0, ® 0,])
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”Halaman ini sengaja dikosongkan”
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BAB VI
KESIMPULAN

Berdasarkan Analisa Penerapan Algoritma Deutsch-Jozsa
dalam sistem 4 qubit diperoleh kesimpulan sebgai berikut:

1. Didapatkan spektrum dlam sistem 4 qubit terdiri dari
4 puncak

2. setiap puncak menggambarkan keadaan dari masing-
masing qubit, dari kiri ke kanan secara berurutan meru-
pakan puncak qubit ke 3,2,1 dan 0.

3. karakterisasi puncak up dan down menggambarkan keadaan
spin up dan spin down.

4. berdasarkan Grafik Mx untuk Uy, Uy, U, Uss, Ugy menggam-
barkan keadaan dari t,,; dari masing-masing fungsi
yaitu sebagai berikut:

[¢r0) = \/— 10000 [0) — |1)]
[¥s0) = \/— [1000) [[[0) — |1)]
[¥a1) = f 10011) []0) — |1)] (220)
[Vs2) = \/_ 0111 [[10) — |1)]
[¥s3) = \/— [1111) [[10) = |1)]
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p071 — pl,[)* — 6&07/81 p6,7 — ,0776* — 6567’87
Po2 = pao’ = ePo—B2 Pe14 = Prag” = Bs—B1d
Pos = P80’ = el —h P89 = Pos* = eB8—B9

P13 = /33,1* = f1=Ps P10 = ,010,8* — ePs=Po

p1,5 — p5,1* — eﬁl_ﬁs p8,12 — p12’8* — 668_612
P19 = Pg,l* = 1P P11 = ,01179* — ePo—hn
p2,3 - p372* = 6ﬁ27’83 p9713 = p1379* — 6597513

P26 = Pe2” = eP2=Ps p1011 = P1110" = eBro—PBn
P2,10 = 010,2* = 662_510 P10,14 = p14710* — 6510—,314 (225>
P37 = pr3° = efs=hr P12.13 = P1312" = eB12—Ps
P311 = P11,3* = Hhil p12,14 = p14’12* — ePr2—Pu
Pas = P5,4* = P hs P11,15 = P15711* — BPui—Pis
Pa6 = 06,4* = 664_66 P13,15 = p15713* — 6513—515
piiz = praa® = €M7 s = prygst = PP
P57 = prs" = PP P57 = Pr15* = eBr=P1s
P51z = pias" = e Poa = pao* = elohs
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Bo— B1=—i(HEyo— Ey1)t
Bo— Bs=—i(Eyo— Eya)t
Br— B3 = —i(Ey1 — Ey3)t
Br— By =—i(Ey1— Eyo)t
Bo— Bs = —i (Eso — Fagp)t
B3 — Br = —i(Ey3 — Eyq)t
By —Bs = —i(Eyq — Eyp)t
Bs— P12 =—1i(Eys— Eyg12)t
fs — P13 = —i (Eys — Eya3)t
Be — Pra = —i(Eye — Eg14)t
Bs — B0 = —1(Esg — Eg10)t
Bo— P11 =—1i(Esg— Ey11)t
Bro— B = —i (Eyi0 — Eani)t
Pra — Piz = —i (Ey12 — Eya3)t
Pi1— Bis = —i (Eag1 — Eyas)t
Pra— Bis = —i (Eg1a — Eq15)t
dan
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B2 — B3
B2 — Bro
B3 — Bu
Bs— Be
Bs — Bq
Bs — Br
Bs — B
Bs — P2
ﬁ9 - 513
Bro — Pra
/612 - /614
Pz — Bis
Bis — Br

(Fio— Fio)t
—i(Eyo — Eag)t

—i (Ey1 — Eyps)t
—i(FEyo — Eag)t

—i (Ey2 — Eyq0)t

—i (By3 — Egan)t

—1 EE474 — E476)t
—i(Eys — Eyq)t

—i (Eas — Eur)t (226)
—1 <E4’8 — E479) t
—i(Eys — Ey12)t

—i (Fy9 — FEans)t

—i (Fy10 — Eg1a)t
—1(Ey19 — Eq14)t

—i (Fy13 — Eyis)t
—i(Ey15 — Ey7)t
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E470—E4,1 :w0+7rJ10+7rJ20~|—7rJ30
E470—E4,4IWQ+7TJ20+7TJ21+7TJ32
E471—E4,32u)1—7TJ10+7TJ21+7TJ31
E471—E4,QZW3—7TJ30+7TJ310+7TJ32
E472—E4,6:w2—|—7TJ20—7TJ21+7TJ32
E473—E4,7:w2—7TJ20—7TJ21+7TJ32
E474 —E4,5 :w0+7TJ10 —7TJ20+7TJ30
E4,4—E4,12ZW3+7TJ30+7TJ31—7TJ32
E4’5 - E4, 13 = Ws —7TJ30+7TJ31 —7TJ32
E476—E4,14:(U3+7TJ30—7TJ31—7TJ32
E478—E4,10:w1+7ﬂ]21—7TJ31+7TJ30
E479—E4,11:W1 —7TJ10+7TJ21—7TJ32
E4’10 — E4, 14 = W9 +7TJ20 —7TJ21 — 7TJ32
E4,12 — E4, 14 = W1 +7TJ10 —7TJ21 —7TJ31
E4713—E4, 15 = W1 —7TJ10 —7TJ21 —7TJ31
E479 - E4, 13 = wsy — 7TJ2() —|—7TJ21 - 7TJ32

E470—E4,2:w1+7TJ10+7TJ21+7TJ31
E470—E4,8IW3+7TJ30+7TJ31+7TJ32
E471—E4,5Iu)2—7TJ20+7TJ21+7TJ32
E472—E4,3=w0—7TJ10+7TJ20+7TJ30
E472—E4,10:(,U3+7TJ30—7TJ31+7TJ32
E473_E4711:(JJ3_7TJ30_7TJ31+7TJ32
E474 —E4,6ZW1+T&'J10 —7TJ21 +7TJ31
E4,5 —E4,7:w1 —7TJ10 —7TJ21+7TJ31
E4,6 —E477:CU0 —7TJ10 —7TJ20+7T<]30
E478—E4,9:wO+7TJ10+7TJ20—7TJ30
E4,8—E4,12:CU2+7TJ20+7TJ21 —7TJ32
E4’10—E4,11 :(J.JO—WJ10+7TJ20—7TJ30
E4,12 - E4, 13 :w0+7rJ10 —7TJ20 —7TJ30
E4711 —E4, 15 = W2 —7TJ20 —7TJ21 —7TJ32
E4714—E4, 15 = Wo —7TJ10 —7TJ20—7TJ30
E4715—E4,7ZW3+7TJ30+7TJ31+7TJ32
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0 —pP9,11

0 —pP10,11
—P11,10 0

0 0

0 0
P14,10 0

0 P15,11

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
P4,12 0 0 0
0 P5,13 0 0
0 0 P6,14 0
0 0 0 —P1,15
£8,12 0 0 0
0 P9,13 0 0
0 0 P10,14 0
0 0 0 P11,15
0 —p12,13  —P12,14 0
—p13,12 0 0 —p13,15
—p14,12 0 0 —p14,15
0 —p15, 13 —pP15,14 0




(233)

P3,11

—pP3,2

—pP3,1

P7.15
0
0
0

0

0
—P9,11

0

—Pr.6
0
0
0

—P15
0
0
0

P11,15

—pP11,10

—P11,9

—p13,15
0

0 —pl15,13  —pi514

P15,11
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Moy = (Io4) = tr (Io+ps) (234)
= —(pro+p32+ ps2+ pre + pog + piiio + pi3iz + Pis14)
maka dengan demikian nilai magnetisasi total dari sistem
adalah sebagai berikut:
Mot = Mz + Moy + My + Moy
= pg,0 + P91+ Pro2 + P11,3 T P12.4 + P135 + P1a6 + P15,7
+ P10+ P51+ Pe2 + P73+ P28+ P13,9 T Pra10 Tt L1511
— (p2.0 + P31+ Pea + P75 + Pros + P11o + P1a12 + P15.13)

— (p10+ P32+ psa+ pre + pos + priio + P32 + P15.14)
_ +€i(w3+7rJ3o+7rJ31+7rJ32)t + Gwa—mJzo+mJa1+mI32)t

+ 6i(W3+7rJ30—7rJ31+7rJ32)t + ei(w3—7rJ30—7rJ31+7rJ32)t
+ ei(w3+7rJ30+7rJ31—7rJ32)t + e’i(W3—7TJ30+7TJ31—7TJ32)t
+ ei(w3+7rJ3077rJ3177rJ32)t + 62’(&)3771‘]30771’J3177T]32)t
+ ei(w2+7rJ20+7rJ21+7TJ32)t + ei(w2*7rJ20+7rJ21+TrJ32)t
+ ei(w2+7rJ20—7rJ21+7TJ32)t + ei(w2—7rJ20—7rJ21+7rJ32)t (235)
+ 6i(wz-&-7TJ20-|-7FJ21—7TJ32)t + ei(wz—WJ20+7rJ21—7rJ32)t

+ 6i(w2+7rJ20—7rJ21—7rJ32)t + ei(wg—ngo—TrJ21—7rJ32)t

t(wr+mJio+mJ21+7J31)t t(w1—mJro+7mJ21+7J31)t

— € — €

ei(w1 +mJio—mJa1+7J31)t
6i(fm +rJo1—mwJ31+mwJ30)t
ei(wl +rJio—mJ21—7J31)t
wotmJio+mJa0+mJ30)t
6i(wo +rJio—mJ20+mJ30)t

ei(wo +rJio+mJ20—7J30)t

ei(wo +rJio—mJ20—7J30)t

ei(wl —nJio—mJ21+7J31)t
ei(wl —nJiot+md21 —mJ32)t
ei(wl —nJio—mJ21—7J31)t
ei(WO*ﬂ'JIOJFﬂ'JZO +7J30)t
ei(wo—WJlo—WJzo +7J30)t
ei(wo —mJ1r0+mJ20—7J30)t

giwo—mJio—mJ20 =7 J30)t

252



kemudian didapatkan juga untuk sinyal FID sebagai berikut:

S = Myore 2t

— o (Ra—i(wz+mJ3o+mJ31+mJI32))t —(R2—i(wg—mJg0+mJ31+mJ32))t

=e +e

+ ¢~ (Re—i(wa+nJzo—mJ31+7J32))t | o—(R2—i(wz—mJ30—7J31+7J32))t

+ e~ (Re—i(wa+mJzotmzi—nJ32))t | o~ (R2—i(ws—mJ30+mJ31—7J32))t

—(R2—i(wz+mnJz0—7J31—7J32))t —(R2—i(wg—mJ30—7J31—7J32))t

e +e

+ e~ (Re—i(watmd2o+mJo1+mJ32))t | = (R2—i(wa—mJ20+mJ21+7J32))t

+ e~ (R2—i(wetmd2o—wJ214+mJ32))t 4 o= (Ra—i(wa—mJa0—mJ21+7J32))t

+ e~ (R2—i(watmd2o+mJor—mJ32))t 4 o= (Ra—i(wa—mJa0+mJ21—7J32))t

+ g~ (R2—i(wetmdoo—wJ21—7J32))t | o~ (Ra—i(wz—7wJ20—mJ 21 —7J32))t (236)

_ e~ (Re—i(witmJio+mJo1+7J31))t _ —(Re—i(wi—7wJio+mJ21+mJ31))t
e e

_ ef(RQ7i(w1+7rJ1077rJ21+7rJ31))t e*(Rg*i(wl77TJ1077rJ21+7TJ31))t

— e~ (Re—i(witmJo1—wJI314+7J30))t _ —(R2—i(wi—mJio+7J21—7J32))t
— e~ (Ra—i(witmJio—wJa1—7J31))t _ —(Re—i(wi—mJio—mJ21—mJ31))t

_ e (R2—i(wo+mJr0+mJ20+7J30))t _ o—(R2—i(wo—mJi0+7J20+7J30))t

_ e (R2—i(wo+mJi0—7J20+7J30))t _ —(R2—i(wo—mJio—mJ20+7J30))t
_ e~ (Ra—i(wotmJio+mJ20—7J30))t _ —(Ra2—i(wo—mJio+mJ20—7J30))t
_ e~ (Ra—i(wotmJi0—mJ20—7J30))t _ —(R2—i(wo—mJ10—mJ20—7J30))t

dimana Ry = %2
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kemudian dapat di cari terlebih dahulu untuk perkalian
antara S (t) e ™" yaitu sebagi berikut:

S (t) efiwt

— o~ (R2—i(wz—wtmJ30+mJ31+mJ32))t + e~ (R2—i(wz—w—mJ30+mwJ31+mJ32))t
4 e~ (Re—i(wg—wtmJzo—mJ31+mJ32))t | —(R2—i(wz—w—mJ30—mJ31+7J32))t
4 e~ (Re—i(wg—wtmJzo+mz1—mJ32))t | —(Re—i(wz—w—mJ30+mJI31—7J32))t
4 e (Re—i(wg—wtmJzo—mJ31—7J32))t | o—(Re—i(wz—w—mJ30—mJ31—mJ32))¢
4 e*(Rgfi(wrz7w+7rJ20+7'rJ21+7rJ32))t + ef(Rg7i(w27w77rJ20+7rJ21+7rJ32))t
4 g~ (Re—i(wz—wtmlao—mJ21+m/52))t | o~ (Re—i(wz—w—mJao—mJ21+7J32))t
4 g~ (Re—i(wz—wtmdaotmoi—mJ52))t | o~ (Re—i(wz—w—mJao+mt21—7J32))t
4 e~ (Re—i(wa—wtmJao—mJa1 =7 J32))t | o—(Ro—i(wz—w—mJao—7Jo1—7J32))t
_ o~ (Re—i(wri—wtmJiotmJor+mJ31))t _ —(Re—i(wi—w—mJio+mJ21+7J31))t
_ e~ (Re—i(wi—wtnJig—mJ21+7J31))t _ —(Re—i(wi—w—wJig—7J21+7J31))t
_ o~ (Ra—i(wr1—wtmJor—mJ314+7J30))t _ —(Re—i(wi—w—mJio+mwJo1—7J32))t
_ o~ (R2—i(wri—wtmJio—mJ21 —7J31))t _ —(Re—i(wi—w—wJio—mJ21 —7J31))t
_ o~ (R2—i(wo—w+mJro+mJ20+mJ30))t _ —(Re—i(wo—w—mJi0+7J20+7J30))t
_ o~ (R2—i(wo—w+mJro—mJ20+7J30))t _ o—(Re—i(wo—w—mJ1o—mJ20+mJ30))t
_ e~ (R2—i(wo—w+mJro+mJ20—7J30))t _ o—(R2—i(wo—w—mJ10+wJ20—7J30))t

_ o~ (R2—i(wo—w+mJio—mJ20—7J30))t _ —(R2—i(wo—w—mwJi0—mJ20—7J30))t
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Transformasi Fourirer dari sinyal FiD adalah sebagai berikut:

S (w) = /s (t) e=it g
0

+

+

+

+

+

+

+

+ - +
(R27’L(UJ1 —w+wJig — wJ21 771’]31))

+

+

+

e~ (Re—i(wz—w+mJ3o+mJ31+7J32))t

e~ (Re—i(wz—w—mJ30+mJ31+mJ32))t

= i +
—(R2 —i (w3 —w+ 7wJ30 + wJ31 + wJ32))

e~ (Re—i(wz—w+mJz0—7J31+7J32))t

—(R2 —i(ws —w — w30 + mJ31 + mJ32))

e~ (Re—i(wz—w—mJ30—mJ31+mJ32))t

—(R2 —i(wg —w+ wJ30 — w31 + wJ32))
e~ (R2—i(wz—w—mJ3o—mJ31+7J32))t

+

—(R2 —i (w3 —w —7J3g — wJ31 + wJ32))
e~ (R2—i(wz—w—mJzo+mJ31—mJ32))t

- +
—(R2 —Z(w3 —w —7wJ3g — w31 +7FJ32))

e~ (Re—i(wz—wmJ3o—wJ31—mJ32))t

—(R2 —i(ws —w —7J3g + wJ31 — wJ32))

e (Re—i(wz—w—mJ3g—mwJ31—mJ32))t

- +
—(R2 —i (w3 —w+7wJ3g — wJ31 — wJ32))

e~ (R2—i(wa—w+mJao+mJ21+7J32))t

—(R2 —i (w3 —w —7J3g — wJ31 — wJ32))
e~ (R2—i(wa—w—mJao+mJ21+7mJ32))t

—(R2 —i (w2 — w+ mJ2o + wJ21 + wJ32))
e~ (Re—i(wa—w+mJag—mJ21+mJ32))t

+

—(R2 —i (w2 —w —7wJao + wJ21 + wJ32))
e~ (R2—i(wa—w—mJzo—mJ21+mJ32))t

—(R2 —i (w2 —w+ wJ2o — wJo1 + wJ32))
e~ (Re—i(wa—w+mJoo+mJ21 —mJ32))t

+

—(R2 —i(w2 —w —7wJ2o — wJ21 + wJ32))
e~ (R2—i(wa—w—mJzo+mJ21 —7mJ32))t

+

—(R2 —i(w2 —w+ a0 + wJ21 — wJ32))
e*(Rz*i(W2*L\)+ﬂ'J20*7TKI2177['.]32))t

—(R2 —i (w2 —w — wJao + wJ21 — wJ32))

e~ (R2—i(wa—w—mJzg—7J21—7J32))t

+
- (R2 —1 (UJQ —w+7wJyg — o1 — 7'I'J32))

e~ (R2—i(wy—wtmJig+mJ21+7J31))t

—(R2 —i (w2 —w — 7wJag — wJ21 — wJ32))
e~ (Re—i(wi—w—mJio+7mJ21+mJ31))t

+
(R2 —i(w1 —w+ wJio + 7J21 + 7J31))

e~ (Re—i(wi—w+mJig—7Ja1+7J31))t

(R2 —i(w1 —w —7Jio + wJa1 + 7J31))
e—(szi(wl7w77TJ1077rJ21+77J31))t

(R2 —i(w1 —w+wJ10 — wJ21 + 7J31))
e~ (R2—i(wy—w+mJa1 —mJ31+mJ30))t

+ -
(Re —i(w1 —w —7wJi0 — w21 + 7J31))

e~ (Re—i(wi—w—mJig+mwJa1—mJ32))t

+
(R2 —i(w1 —w+mJ21 — mJ31 + 7J30))

e~ (R2—i(wi—wtmJio—mJ21 —7J31))t

(R2 —i(w1 —w —7wJio + wJ21 — wJ32))

e~ (R2—i(wi—w—mJig—mJ21—7J31))t

e~ (R2—i(wo—w+mJ19+7J20+7J30))t

(R2 —i(w1 —w—7Jig — wJa1 — wJ31))
e~ (Re—i(wo—w—mJio+mJ20+mJI30))t

(R2 — i (wo — w4 wJ10 + wJ20 + wJ30))
e~ (R2—i(wo—w+mJio—mJ20+mJ30))t

(R2 —i(wo —w —7wJ10 + 7wJ20 + mJ30))
e~ (R2—i(wo—w—mJig—mJ20+7J30))t

- +
(R2 — i (wo —w + wJio — wJ2o + wJ30))

e~ (R2—i(wo—w+mJ1o+7mJ20—7J30))t

(R2 —i(wo —w —wJ1g — wJ20 + wJ30))

e~ (R2—i(wo—w—mJig+mJ20—mJ30))t

Jr
(R2 —i(wo — w + wJio + wJ20 — wJ30))

e~ (R2—i(wo—w+mJ19—7J20—mJ30))t

(R2 —i(wo —w —7mJ1o + wJ2o — wJ30))
e~ (R2—i(wo—w—mJig—mJ20—7J30))t

- +
(RQ—z(wo—w+7rJ10—7rJ20—7rJ30))
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—1 1

(R2 —i(ws —w+7J30 +7J31 +7J32)) (R2 —i(w3 —w—mJ30 + wJ31 + 7J32))

1 1
(R2 —i(w3s —w+7mJ3g —J31 + 7J32)) (R2 —i(ws —w — wJ30 — wJ31 + wJ32))

1 1
(R2 —i (w3 —w —7wJ3g — wJ31 + wJ32)) (R2 —i(ws —w —7wJ30 + wJ31 — wJ32))

1 1
(R2 —i(ws —w+7J3zg — wJ31 — 7rJ32)) (R2 —1 (w3 —w —wJ3g — wJ31 — wJ32))

+ ! + !
(R2 —i(w2 —w+7mJoo +7Jo1 + 7J32)) (R2 —i(w2 —w — wJag + w21 + wJ32))

+ ! + !
(R2 —1 (wg —w+7wJog — o1 + 7I'J32)) (R2 —1 ((}.}2 —w —7wJog — wJ21 + 7TJ32))

+ ! + !
(R2 —i(w2 —w+ 7o + mJ21 — wJ32))  (R2 —i(w2 —w — wJao + w21 — wJ32))

+ ! + !
(R2 —i(wa — w+ mJag — wJ21 — wJ32)) (R2 — i (w2 —w — mJag — wJa1 — wJ32))

+ ! + !
(R2 —i(w1 —w+nJig +7J21 +7J31))  (R2 —i(w1 —w —wJio + 7J21 + 7J31))

+ ! + !
(R2 —i(w1 —w+7wJ1o — wJ21 + 7J31)) (R2 —i (w1 —w —7wJig — wJa1 + 7J31))

+ ! + !
(R2 —i (w1 —w+7mJor — w31 +7J30)) (R2 —i(w1 —w —wJig + w21 — wJ32))

" 1 i 1
(R2 —i(w1 —w+7mJig —7Jor —7J31))  (R2 —i(w1 —w —wJig — w21 — wJ31))

+ ! + :
(R2 —i(wo —w+7Jio +7J20 +7J30)) (R2 —i(wo —w—7Jio + mJ20 + 7J30))

+ ! + !
(R2 —i(wo —w+mJio — wJao + 7J30)) (B2 —i(wo —w — w10 — mJ20 + 7J30))

n 1 " 1
(R2 —i(wo —w+7mJio +7J2o — wJ30)) (R2 —i(wo —w — wJig + wJ20 — wJ30))

+ ! + !
(R2 —i(wo —w+7wJig — w2 —7rJ30)) (RQ —i(wo —w —7mJig — wJ2o —7TJ30))
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R2 4 i (w3 — w4 wJ30 + mJ31 + 7J32)

Ro + i (w3 —w — wJ30 + wJ31 + 7J32)

Ro? + (w3 — w + wJ30 + w31 + wJ32)?
Ry + i (w3 —w + wJ30 — wJ31 + wJ32)

Ro? 4 (w3 — w — w30 + wJ31 + wJ32)°
Ry + i (w3 —w —7wJ30 — mJ31 + mJ32)

Ro? + (w3 — w + wJ30 — w31 + wJ32)>
Ro +i(ws —w — wJ30 — wJ31 + 7J32)

Ro? + (w3 — w — mJ30 — wJ31 + mJ32)>
Ry + i (w3 —w —wJ30 + wJ31 — wJ32)

Ro? 4 (w3 — w — w30 — mJ31 + wJ32)? * Ro? + (w3 — w — wJ30 + mJ51 — mJ32)?
R2+i(W3—w+7TJ30—7TJ31 —7!‘]32) n R2+i(OJ3 —w —7mJ3g — w31 —7TJ32)
R22 + (w3 —w+wJ30 — wJ31 — 7TJ32)2 R22 + (w3 —w —7wJ3g — wJ31 — 7TJ32)2
Ro +i (w2 —w + wJao + w21 + wJ32) n Ry +i (w2 —w — mwJao + wJa1 + wJ32)
Ro? + (w2 —w + ma0 + a1 + mJ32)®  Ra? + (w2 — w — mJag + w21 + wJ32)”
Ry +i(w2 —w+ 2o — w21 + wJ32) " Ry +i (w2 —w — oo — w21 + wJ32)
Ro? 4 (w2 — w4 mJog — wJo1 + wJ32)%  Ro? 4 (w2 — w — wag — who1 + wJ32)?
Ry +i(w2 —w+ wJao + w21 — wJ32) " Ra + i (w2 —w — wJ20 + w21 — wJ32)
Ro? + (wg —w+ mJag + wa1 — wJ32)®  Ra? + (w2 — w — w2 + w21 — wJ32)°
R2+i(UJ27w+TrJ2077TJ2177‘(‘.]32) I R2+i(WQ7w77TJ2077TJ21771‘]32)

Ro? + (w2 —w+ mJag — w21 — 7TJ32)2
Ry + i (w1 —w + wJio + wJo1 + wJ31)

Ro? + (w2 — w — mJag — mJa1 — wJ32)?
Ro +i (w1 —w — wJig + 7J21 + 7J31)

Ro? + (w1 —w + mJio + wJa1 + mJ31)>
Ro+i (w1 —w+ wJio — w21 + 7J31)

Ro? + (w1 —w — wJig + w1 + mJ31)>
Ro+i (w1 —w—wJig — wJ21 + 7J31)

Ry? + (w1 —w + 10 — ma1 + mJ31)?
Rz +i (w1 —w+7mJ21 — wJ31 + wJ30)

Ro? 4 (w1 —w — w10 — wJo1 + wJ31)?
Ry +i(wy —w—mJio + mJ21 — wJ32)

Ro? + (w1 — w + wJo1 — wJ31 + mJ30)?
Ry +i(w1 —w+7wJio — wd21 — wJ31)

Ro? 4 (w1 —w — w10 + mJo1 — wJ32)?

Rz—i—i(wl —w —7wJig — w21 —7TJ31)

Ro? + (w1 — w + wJ10 — mJa1 — mJ31)?
R2 + i (wo —w + wJ10 + 7J20 + mJ30)

Ro? + (w1 —w — mJ1g — a1 — mJ31)>
Ry +i(wo —w — wJio + w20 + wJ30)

Ry? + (wo — w + 10 + 20 + mJ30)?
Ra +1i(wo —w + w10 — wJ20 + 7J30)

Ro? + (wo — w — wJ10 + mJao + wJ30)?
Ry +1i(wo —w — wJig — wJ20 + wJ30)

Ro? + (wo — w + mJ10 — mJag + mJ30)>
Ro + i (wo —w + wJio + wJ20 — 7J30)

Ro + (wo —w —7mJig — wJog + 7TJ30)2
Ry +i(wo —w — wJ1o + mwJ20 — wJ30)

Ry? + (wo — w + mJ10 + w20 — mJ30)2
Ro +1 (wo —w+ wJig — wJ2g — wJ30)

Ra + (wo — w — w10 + wJeo — wJ30)°
Ry + i (wo —w — wJ10 — wJ20 — wJ30)

RS2+ (wo — w + mJio — wJ20 — wJ30)2
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Ro? + (wo — w — mJ1g — wJag — mJ30)>



maka dengan demikian diperoleh :

A(w) =

+

Ro Ro

Ra? + (w3 —w + mJ30 + wJ31 + 7J32)2  Rp? 4 (w3 — w — wJ30 + wJ31 + 7J32)2
Ro Ro

Ry?2 — (w3 — w + mJ3g — wJ31 + wJ32)? * Rp? + (w3 — w — mJ30 — wJ31 + mJ32)?
Ro Ro

Rg? 4 (w3 —w — wJ30 — wJ31 + mJ32)2 * Rp? + (w3 — w — mJ30 + wJ31 — 7wJ32)?
Ro Ro

Rp? + (w3 —w + mJz0 — mJ31 — ®J32)2  Ro? + (w3 —w — mJ30 — wJ31 — mJ32)?
Ro Ro

Ro? + (w2 — w + mJ20 + wJ21 + 7J32)2 * Ro? + (w2 —w — wJa0 + wJa1 + wJ32)?
Ra Ra

Rp? + (w2 — w + mJoo — wJ21 + wJ32)?2 * Ro? + (wg — w — mJao — w21 + wJ32)?
Ry Ro

Ry? 4 (w2 — w 4 wJag + mJ21 — wJ32)?2 * Ro? 4 (w2 — w — wJag + wJ21 — wJ32)?
Ra Ro

Rg? 4 (wp — w 4 wJao — mJa) — mJ32)2 * Ro? 4 (wp — w — wJa0 — mJ21 — wJ32)2
Ro Ry

Rp? + (w1 —w+mJio + wJ21 + 7J31)2  Ra? 4 (w1 —w — wJ10 + wJ21 4 7J31)2
Ro Ro

Ro? + (w1 —w+mJig — wJa1 + 7J31)2  Rp? + (w1 —w — mJio — w21 + 7J31)?
Ry Ry

Rp? + (w1 — w + wJo1 — wJ31 + wJ30)2  Ra? 4 (w1 —w — wJig + wJ21 — wJ32)2
Ry Ro

Rp? + (w1 —w+mJig — wJa1 — wJ31)%  Rp? + (w1 —w — wJig — wJ21 — wJ31)2
Ro Ro

Ro? + (wo — w + mJ1g + wJ20 + 7J30)2  R2? + (wo — w — wJ10 + 7J20 + 7J30)2
Ro Ry

Ro? 4+ (wo — w + wJ10 — mJ20 + 7J30)2  R2 + (wo — w — mJig — wJ20 + ®J30)?
Ro Ro

Ry? + (wo — w + mJ10 + 7J20 — ®J30)2  Ra + (wo — w — wJ10 + wJ20 — wJ30)?
Ro Ry

Ro2 + (wo — w + 7J10 — 2o — 7rJ30)2 Ro? + (wg — w — wJy1g — wJ20 — 71']30)2
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dan diperoleh juga:

D (w) =

+

i(wg —w+ wJ30 + wJ31 + wJI32)

i(w3 —w — mJ30 + 7J31 + 7J32)

Ro? 4 (w3 — w 4+ wJ3g + mJ31 + wJ32)2
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i(wp —w — w20 — w21 + 7J32)

Ro? + (w2 — w + wJo0 — wJ21 + wJ32)32
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i(w1 —w—7wJig — wJa1 + 7J31)

Rp2? + (w1 — w + mJig — w21 + 7J31)?
i(wy —w+ wJo1 — wJ31 + 7J30)

R22 + (w1 — w — mJio — wJ21 + wJ31)?
i(w1 —w—mwJig + 7J21 — 7J32)

Rp2 + (w1 — w + mJa1 — w31 + mJ30)?
i(wy — w4 wJ1g — wJ21 — wJ31)

Rp2 + (w1 — w — wJ1g + wJ21 — wJ32)?

i(w) —w —7wJig — wJ21 — wJ31)

Ro? 4 (w1 — w + wJ1g — wJ21 — wJ31)?

i(wo — w+ wJ10 + 7J20 + wJ30)

Rp? + (w1 —w — mJig — wJ21 — wJ31)2
i(wo —w —mJ10 + 7J20 + 7J30)

Rp? + (wo — w + mJ10 + mJ20 + 7J30)32
i(wog —w + wJ19 — wJ20 + 7©J30)

Ra? + (wo — w — wJ10 + mJ20 + 7J30)?
i(wo —w — wJ10 — wJ20 + 7J30)

Ro2 + (wo — w + mJ1g — mJ20 + wJ30)?
i(wo —w+ mJig + wJ20 — 7J30)

Ry + (wo — w — wJ10 — mJ20 + ®J30)2
i(wop —w — wJ10 + TJ20 — 7J30)

R22 4 (wo — w + wJ10 + mJ20 — wJ30)?
i(wo —w+ mJig — wJ2g — wJ30)

Ry + (wo — w — wJ1g + wJ20 — wJ30)2

i(wo —w—mJig — mJa0 — mJ30)

Rp? + (wo — w + mJ1g — wJ20 — wJ30)?
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E4’10 - E4,11 = Wy —7TJ10 +7TJ20 - 7TJ30
E4,12 — E4, 13 = wo + 7TJ10 — 7TJ20 — 7TJ30
E4711 - E4, 15 = Wy — 7TJ20 — 7TJ21 —7TJ32
E4714 - E4, 15 = Wo — 7TJ10 - 7TJ20 - 7TJ30
E4715 - E4,7 = w3+ 7TJ3() + 7TJ31 + 77]32
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maka dapat ditentukan nilai magnetisasi dari masing-

masing qubitnya yaitu sebagai berikut:

00000O0OO0O1O0O0O0OO0O0OO0OO0®O

0000O0OO0OO0OO0OT1TO0OO0OOO0OO0O®O OO

0000O0OO0OO0OO0OO0OT1O0OO0OO0O0®O0O®O0O®O

0000O0OO0O0O0OO0OO0OO0OT1TO0O0O0O0O®O0O0

0000O0OO0OO0OO0OO0OO0OO0O1TO0O0®O0O®O

00000O0OO0OO0OO0OO0OO0OO0O1O0®O0O®O

0000O0O0OO0OO0OO0OO0OO0OO0OO0OT1O0O®O

0000O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OT1O®O0
0000O0OO0OO0OO0OO0OO0OO0OOO0O®O0O®O01

0000O0OO0OOO0OOOOOO0OO0O®O0O®O

0000O0OO0OO0OO0OOOOOOO0O®O0O®O

0000O0O0OO0OO0OO0OO0OOO0OO0OGO0O®O0O®O

0000O0OO0O0OO0OOO0OO0OOO0OO0O®O0O0

0000O0OO0OO0OO0OOOO0OOO0OO0O®O0O

0000O0OO0OO0OO0OOOOOO0OO®O0O®O

0000O0OO0OO0OO0OOOOOOO®O0O®O

(I34ps5)

273



jXé

N |

0
—pP1,0
—P2,0

0
—P4,0

0

0

0

8,0

o

OO oo oo

—pP0,1

—pP3,1
0

—pP4,1
0
0

9,1

o O O O O

—P1,3

N
=2}

-
(=2}

oooooog oo O oo
>

e
ox
K=

)
iy
ot

OO OO o oo

>

OO OO O o oL
0

0 0 0
P1,9 0 0
0 p2,10 0
0 0 P3,11
0 0 0
0 0 0
0 0 0
0 0 0
—p89  —P810 0
0 0 —pP9,11
0 0 —pP10,11
—p11,9 —P11,10 0
0 0 0
—p13,9 0 0
0 —pP14,10 0
0 0 —p15,11

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
P4,12 0 0 0
0 P5,13 0 0
0 0 P6,14 0
0 0 0 P7.15
—ps,12 0 0 0
0 —p9,13 0 0
0 0 —p10,14 0
0 0 0 —p11,15
0 —p12,13  —P12,14 0
—p13,12 0 0 —p13,15
—p14,12 0 0 —p14,15
0 —p15,13  —pi5.14 0




0 0 10
17 1717
cocoo do & Toc o
QL QU
| [
<t <t <t
17 17 17
oo 2o Ycoc 5o
S Q Sy
| | |
e = )
OWOOHOOBO
SN Q
_ _ |
2 3=
%OOOOBMOO
_ SRESY
[
- = =
O@mOOOO 2o
_p QL
| |
= = =
%OOHOOMOO
_ QL QL
| |
=) 28 23
o0 — o]
oo go gooco
_ | |
o X @
c & Zc fScoococo
LS Sy
Lo _
7’
coocoocoocooco Ko
Q
67
cocococooo Yoo
Q

o

o

o

275



tr (Is4ps5)

Msy = (I34) =

(247)

P80 + Po1 + pPro2 + p11,3 + P12,4 + P135 + P1ae + P15

dan
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tr (Io4ps5)

(Io4)

= —(pa0+ ps1+ pe2+ pr3+ przs + P39 + praio + P15

M2+ -
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()251)

— (p2,0 + P31 + pea + P75+ prog + pi1ge + prage + pisis

tr (114p5)

My = (I1y) =
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Moy =
= —(p10+ P32+ ps2 + pre + pos + 11,10 + P13,12 + P15,14)

(To+) = tr (o+ps)

(253

maka dengan demikian nilai magnetisasi total dari sistem
adalah sebagai berikut:

Mot = M3y + Moy + My + Moy

= pg,0 + P91+ Pro2 + P11,3 T P12.4 + P135 + P1a6 + P15,7
— P40 — P51 — P2 — P13 — P12,8 — P13,9 — P14,10 — P15,11
— (p2.0 + P31+ Pea + P75 + Pros + p11o + P1a12 + P15.13)
— (p10+ P32+ psa+ pre + pos + priio + P31z + P15.14)

= €

i(ws+mJ30+mI31+7I32)t + ei(t% —mJ30+mJ31+7J32)t

+ 6i(W3+7rJ30—7rJ31+7rJ32)t + ei(wg—ngo—wJ31+7rJ32)t

+ ei(w3+7rJ30+7rJ31—7rJ32)t + e’i(w3—7TJ30+7TJ31—7TJ32)t

+ 67:(&.73+7TJ3077I'J3177TJ32)t + e’i(wgfﬂ'Jgofﬂ'ngfﬂJgg)t

_ ilwatmlaotmJatmse)t
. ei(wz +rJoo—mJ21+7J32)t

ei(wz +rJoot+md21 —mJ32)t
ei(wg +mJoo—mJo1—mJ32)t

. ei(w1+7rJ10+7rJ21+7rJ31)t

. ei(w1+7rJ10—TrJ21+7rJ31)t
o ei(w1+7rJ21*7TJ31+7TJ30)t
. ei(w1+7rJ1077TJ2177rJ31)t
— ¢iwotmJiotm 20+ 50)t
. 6i(wo+7rJ10—7rJ2o+7TJ3o)t
. ei(wo+7rJ10+7rJ20—7rJ30)t

_ ei(wo +rJio—mJ20—7J30)t

ei(w2*WJ20+7TJ21 +7J32)t

i(wa—mJ20—7J21+7J32)t

(254)

ei(wz —mJoo+m 21 —mJ32)t

. ei(wz —mJoo—mJ21—mJ32)t

i(w1—mJio+mJ21+7J31)E

ei(wl_ﬂ'JIO_TfJZI +7TJ31)t
ei(wlfﬂ'J10+7TJ21 77TJ32)t
i(wl 771']10771’.]21771‘]31)15

ei(MO*WJ10+7TJ20+7rJ30)t
ei(wO—leo—ﬂ'JQo—‘rﬂ’Jgo)t
. ei(wo—TrJ10+7TJ20—7rJ30)t

i(wo—mJ10—mJ20—7J30)t
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kemudian didapatkan juga untuk sinyal FID sebagai berikut:

S = Myppe H2t
= ¢~ (Re—i(ws+mJzo+mJa1+mJ32))t 4 ,—(Re2—i(wz—mJ30+mJ31+7J32))t

+ e~ (Re—i(wz+mJzo—mJz1+mJ32))t | —(Ra—i(wg—mJ30—7J31+7J32))t
+ e~ (Re—i(wa+mJzotndzi—md32))t | o~ (Ra—i(ws—mJzo+mJ31—7J32))t 4 ,—(R2—i(wz+mJz0—mJ31—7
+ e~ (Re—i(wg—mJz0—mJ31 =7 J32))t _ ,—(Ro2—i(wa+mJ20+mJ21+7J32))t
_ e~ (Ra—i(wa—mJao+mJa1+7J32))t _ —(Ra—i(watmJ20—7mJ21+7J32))t
_ o~ (Ra—i(wa—mJpo—7J21+7wJ32))t _ —(R2—i(wat+mwJao+mJo1—mJ32))t

_ o~ (Ra—i(wa—mJpo+mJa1—7J32))t _ —(R2—i(wat+wJa0—mJ21—7J32))t

_ e~ (Ra—i(wa—mJpo—mJa1—mJ32))t _ —(Ra—i(wi+mJio+mJ21+7J31))t
_ 67(R277:<w1771']10+71'J21+TFJ31))t _ e*(Rz7i(w1+71'J1077rJ21+7rJ31))t

_ e~ (Re—i(wi—mJig—mJo1+wJ31))t _ —(Re—i(wi+mJ21—mJg1+7wJ30))t
_ e~ (Ra—i(wr—mJio+mJ21—7J32))t _ —(R2—i(wit+wJio—mJ21—7J31))t
_ e~ (Ra—i(wr—mJio—mJa1—7J31))t _ —(Ra—i(wo+mJro+mJ20+7J30))t
_ e~ (Ra—i(wo—mJio+mJ20+7J30))t _ o—(R2—i(wo+mJi0—7J20+7J30))t
_ e~ (R2—i(wo—mJio—mJ20+7J30))t _ —(R2—i(wo+mJ10+mJ20—7J30))t
_ e~ (Ra—i(wo—mJio+mJ20—7J30))t _ —(R2—i(wot+mJio—mJ20—7J30))t _ —(R2—i(wo—7wJ10—mJ20—7

dimana Ry = T%
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kemudian dapat di cari terlebih dahulu untuk perkalian antara S (t) e~

Wt yaitu

sebagi berikut:

S (t) e*iwt

— ¢~ (Re—i(wz—wtnJzo+mIs1+mJ32))t | o—(Re—i(wz—w—mJz0+mJ31+nJ32))t
4 g~ (Re—i(wg—wtmJzo—nJz1+ml52))t | ~(Re—i(wz—w—mJ30—mJ31+7J32))t
4 e~ (Re—i(wg—wtmJzo+mlz1—mJ32))t | o—(Ra—i(wz—w—mJ30+mJ31—7J32))t
4 e~ (Re—i(wg—wtmJzo—mJz1—mJ32))t | o~ (Re—i(wz—w—mJz0—7J31—mJ32))t
_ o~ (Re—i(wa—wtmJaotmJar+mJ32))t _ —(Re—i(wz—w—mJ2o+mJ21+7J32))t
_ o~ (Ra—i(wa—wtmJao—mJo1+mJ32))t _ —(Ra—i(wa—w—mJao—mJo1+7J32))t
_ o~ (Ra—i(wa—wtmJao+mJor —7J32))t _ —(Rap—i(wa—w—mJao+mwJo1—7J32))t
_ o~ (R2—i(wa—wtmJoo—mJ21 —7J32))t _ —(Ra—i(wz—w—mwJao—mJ21—7J32))t
_ o~ (Re—i(wr—wtmJio+mJor+mJ31))t _ —(Re—i(wi—w—mJio+7mJ21+7J31))t
_ o~ (Re—i(wr1—wtmJio—mJ214+7J31))t _ —(Re—i(wi—w—mJio—mJo1+mJ31))t
_ e~ (Ra—i(wr—wtmJar—mJ314+7J30))t _ —(Re—i(wi—w—mJio+mwJa1—mJ32))t

_ e*(RZ*’i(WI —wHnJig—nwJo1 —mwJ31))t Ef(Rgfi(wl —w—nJig—mJ21—7J31))t

_ e~ (Re—i(wo—wtmJio+mJ20+7J30))t _ —(R2—i(wo—w—mJio+7J20+7J30))t
_ e—(R2—i(wo—w+7rJ10—7rJ20+7\'J30))t _ e—(RQ—i(wo—w—TrJlo—ﬂ'Jgo-FTrJg()))t
_ o~ (Ra—i(wo—w+mJio+mJ20—7J30))t _ ,—(R2—i(wo—w—mJio+mJ20—7J30))t

_ e~ (R2—i(wo—wtmJio—mJ20—7J30))t _ —(R2—i(wo—w—mJig—mJ20—7J30))t
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Transformasi Fourirer dari sinyal FiD adalah sebagai berikut:

S () = /s (t) e=it gt
0

+

Jr

+

+

+

+ . +
(R2 —1 (UJQ —w+ g — wJ21 — 7TJ32))

+

+

+

+ - +
(R27’L(UJ1 —w+wJig — wJ21 771']31))

+

+

+

e~ (Re—i(wz—w+mJ30+mJ31+7J32))t

e~ (Re—i(wz—w—mJ30+mJ31+mJ32))t

= +
—(R2 —i (w3 —w+ 7wJ30 + wJ31 + wJ32))

e~ (R2—i(wz—w+mJzg—7mJ31+mJ32))t

e~ (Re—i(wz—w—mJ30—mJ31+7J32))t

—(R2 —i (w3 —w+7wJzg — wJ31 + 7J32)
e~ (R2—i(wz—w—mJ30—mJ31+mJ32))t

)+

e~ (R2—i(wz—w—mJzo+mJ31—mJ32))t

- +
—(R2 —Z(w3 —w —7wJ3g — w31 +7FJ32))

e~ (Re—i(wz—wtmJ3o—wJ31—mJ32))t

e (Re—i(wz—w—mJ3p—mwJ31—mJ32))t

- +
—(R2 —i (w3 —w+7wJ3g — wJ31 — wJ32))

e~ (R2—i(wa—w+mJag+mJ21+7mJ32))t

e~ (Re—i(wp—w—mJao+7J21+7J32))t

Jr
(R2 — i (w2 — w+ wJoo + wJ21 + wJ32))

e~ (R2—i(wa—w+mJag—mJ21+mJ32))t

(R2 — i (w2 — w —mJag + wJa1 + wJ32))
e~ (R2—i(wr—w—mJoo—7J21+mJ32))t

+
(R2 — i (w2 — w+ wJog — wJ21 + wJ32))

e~ (Re—i(wz —w+mJoo+mJ21 —mJ32))t

(R2 —i(wg —w — mJog — wJa1 + wJ32))
e~ (R2—i(wa—w—mJao+mJ21 —mJ32))t

- +
(R2 — i (w2 —w+ wJao + wJo1 — 7rJ32))

67(R27i(w27w+7TJ2077rJ2177r(]32))t

(R2 —i(w2 —w —7wJag + mJ21 — wJ32))

e~ (R2—i(wa—w—mJzg—mJ21—7J32))t

e~ (R2—i(wi—w+mJio+mJ21+7J31))t

(R2 —i(wa —w — mJag — wJa1 — wJ32))
e~ (R2—i(wi—w—mJio+mJ21+7J31))t

+
(R2 —i(w1 —w+wJio + 7J21 + 7J31))

e~ (Re—i(wi—w+mJig—7J21+7J31))t

(R2 —i(w1 —w —7Jio + 7wJa1 + 7J31))
ef(szi(wl7w77TJ1077rJ21+7TJ31))t

- +
(R2 —i(w1 —w+wJ10 — wJ21 + 7J31))

e~ (Re—i(wi—w+mJ21 —7J31+7J30))t

(R2 —i(w1 —w—mJig — 7J21 + 7J31))
e~ (Re—i(wi—w—mJig+mwJa1—mJ32))t

+
(R2 —i(w1 —w+mJ21 — wJ31 + 7J30))

e~ (R2—i(wi—wtmJio—mJ21 —7J31))t

(R2 —i(w1 —w —7wJig + wJa1 — wJ32))

e (R2—i(wi—w—mJig—mJ21—mJ31))t

e~ (Re—i(wo—w+mJ19+7J20+7J30))t

(R2 —i(w1 —w—7Jig — wJo1 — wJ31))
e~ (Re—i(wo—w—mJio+mJ20+mJI30))t

(R2 —i(wo — w4+ wJ1o + wJ20 + 7J30))
e~ (R2—i(wo—w+mJio—7mJ20+mJ30))t

(R2 —i(wo —w —7wJ10 + mJ20 + mJ30))
e~ (R2—i(wo—w—mJig—mJ20+7J30))t

Jr
(R2 — i (wo —w + wJio — wJ2o + wJ30))

e~ (R2—i(wo—w+mJio+mJ20—7J30))t

(R2 —i(wo —w — wJ1g — wJ20 + wJ30))

e~ (Re—i(wo—w—mJ1o+mJ20—7J30))t

+
(R2 —i(wo —w + wJio + wJ20 — wJ30))

e~ (R2—i(wo—w+nJi19—7J20—mJ30))t

(R2 —i(wo —w —7mJ1o + wJ2o0 — wJ30))
e~ (Re—i(wo—w—mJig—mJ20—7J30))t

- +
(RQ—Z(wo—w+7r]10—7r]20—7rJ30))
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(R2 —i(wo —w —7mJ1o — wJ20 — wJ30))

—(R2 —i (w3 —w — 7wJ30 + wJ31 + wJ32))

—(R2 —i (w3 —w —7wJ3g — wJ31 + wJ32))

—(R2 —i(ws —w—7J3g + 7wJ31 — wJ32))

—(R2 —i (w3 —w —7J3g — wJ31 — wJ32))



+

+

+

+

1 1
Jr

(R2 —i(w3s —w+7J30 +7mJ31 + J32)) (R2 —i(w3 —w —mJ30 + wJ31 + wJ32))
1 i 1

(R2 —1 (wg —w+7wJ3zg — w31 + 7I'J32)) (R2 —1 (UJ3 —w —7mJ3g — wJ31 + 7TJ32))
1 n 1

(R2 —i(wz —w —7J30 — wJ31 + wJ32)) (R2 —i(ws —w — w30 + wJ31 — wJ32))
1 " 1

(R2 —i(w3s —w+7mJ3g —wJ31 —wJ32)) (R2 —i(ws —w —wJ30 — wJ31 — wJ32))
1 1

(R2 —i(w2 —w+mJao +7mJa1 +7J32)) (R2 —i(w2 —w — w2 + w21 + wJ32))
1 1

(R2 — i (w2 — w+ wJoo — wJ21 + wJ32)) (R2 — i (wg —w — wJag — wJa1 + wJ32))
1 1

(RQ — 1 (wz — w4 7wJog + o1 — 7rJ32)) (R2 — 1 (wz —w —7mJog + wJ21 — 7TJ32))
1 B 1

(R2 —i(w2 —w+7mJog —mwJo1 —wJ32))  (R2 —i(w2 —w — wJag — w21 — wJ32))
1 1

(R2 —i(w1 —w+nJio +7d21 +7J31))  (R2 —i(w1 —w—7Jio +mJ21 +7J31))
1 1

(R2 —i (w1 —w+7mJig —mJo1 +7J31)) (R2 —i(w1 —w —wJig — w21 + wJ31))
1 B 1

(R2 — i (w1 —w+7Jo1 — w31 +7wJ30)) (R2 —i(w1 —w—7Jio+ wd21 — wJ32))
1 1

(R2 —z'(wl —w+ 7wJig — w21 —7rJ31)) (RQ —i(wl —w —7mJig — wJ21 —7TJ31))
1 1

(R2 —i(wo —w+mJio +mJ20 + 7J30)) (R2 —i(wo —w — wJio + wJ20 + wJ30))
1 " 1

(R2 —i(wo —w+7mJio — wJoo + 7J30)) (R2 —i(wo —w — wJig — w20 + 7J30))
1 1

(R2 —i(wo —w+7mJio +7Joo — 7J30)) (R2 —i(wo —w — wJio + wJ20 — 7J30))
1 1

- (R2 —i(wo — w+ wJ10 — wJ20 — wJ30)) B (R2 —1 (wo —w—wJip — wJ20 — wJ30))
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R2 4 i (w3 — w4 wJ30 + mJ31 + 7J32)

Ro + i (w3 —w — wJ30 + wJ31 + 7J32)

Ro? + (w3 — w + wJ30 + w31 + wJ32)?

Ry + i (w3 —w + wJ30 — wJ31 + wJ32)

Ro? 4 (w3 — w — w30 + wJ31 + wJ32)°
Ry + i (w3 —w —7wJ30 — mJ31 + mJ32)

Ro? + (w3 — w + wJ30 — w31 + wJ32)>
Ro +i(ws —w — wJ30 — wJ31 + 7J32)

Ro? + (w3 — w — mJ30 — wJ31 + mJ32)>

Ry + i (w3 —w —wJ30 + wJ31 — wJ32)

Ro? 4 (w3 — w — w30 — mJ31 + wJ32)? * Ro? + (w3 — w — wJ30 + mJ51 — mJ32)?
R2+i(W3—w+7TJ30—7TJ31 —7!‘]32) n R2+i(OJ3 —w —7mJ3g — w31 —7TJ32)
Ro? 4 (w3 —w + 30 — 31 — mJ32)?  Ro? + (ws — w — mJ30 — mJ31 — mJ32)°
Ry +i(w2 —w+mJag + w21 +mJ32)  Ro+i(w2 —w—mJa + 721 + 732)
Ro? + (w2 —w+ mJag + wJa1 + md32)>  Ra? + (w2 — w — w20 + mJa1 + wJ32)°
Ry +i(w2 —w+mJoo —7wJa1 + md32) Ry +i(w2 —w—ma — wda1 + mJ32)
Ro? 4 (w2 — w4 mJog — wJo1 + wJ32)%  Ro? 4 (w2 — w — wag — who1 + wJ32)?
Ry +i(w2 —w+ wJao + w21 — wJ32) _ Ra + i (w2 —w — wJ20 + w21 — wJ32)
Ro? + (w2 — w4 wJog + w21 — wJ32)%  Re? + (w2 —w — w20 + w21 — wJ32)>

Ry +i(w2 —w+ 2o — w21 — wJ32)

R2+i(WQ —w —7wJog — w21 771‘]32)

Ro? + (w2 —w+ mJag — w21 — 7TJ32)2
Ry + i (w1 —w + wJio + wJo1 + wJ31)

Ro? + (w2 — w — mJag — mJa1 — wJ32)?
Ro +i (w1 —w — wJig + 7J21 + 7J31)

Ro? + (w1 —w + mJio + wJa1 + mJ31)>
Ro+i (w1 —w+ wJio — w21 + 7J31)

Ro? + (w1 —w — wJig + w1 + mJ31)>
Ro+i (w1 —w—wJig — wJ21 + 7J31)

Ry? + (w1 —w + 10 — ma1 + mJ31)?
Rz +i (w1 —w+7mJ21 — wJ31 + wJ30)

Ro? 4 (w1 —w — w10 — wJo1 + wJ31)?
Ry +i(wy —w—mJio + mJ21 — wJ32)

Ro? + (w1 — w + wJo1 — wJ31 + mJ30)?
Ry +i(w1 —w+7wJio — wd21 — wJ31)

Ro? 4 (w1 —w — w10 + mJo1 — wJ32)?

Rz—i—i(wl —w —7wJig — w21 —7TJ31)

Ro? + (w1 — w + wJ10 — mJa1 — mJ31)?
R2 + i (wo —w + wJ10 + 7J20 + mJ30)

Ro? + (w1 —w — mJ1g — a1 — mJ31)>
Ry +i(wo —w — wJio + w20 + wJ30)

Ry? + (wo — w + 10 + 20 + mJ30)?
Ra +1i(wo —w + w10 — wJ20 + 7J30)

Ro? + (wo — w — wJ10 + mJao + wJ30)?
Ry +1i(wo —w — wJig — wJ20 + wJ30)

Ro? + (wo — w + mJ10 — mJag + mJ30)>
Ro + i (wo —w + wJio + wJ20 — 7J30)

Ro + (wo —w —7mJig — wJog + 7TJ30)2
Ry +i(wo —w — wJ1o + mwJ20 — wJ30)

Ry? + (wo — w + mJ10 + w20 — mJ30)2
Ro +1 (wo —w+ wJig — wJ2g — wJ30)

Ra + (wo — w — w10 + wJeo — wJ30)°
Ry + i (wo —w — wJ10 — wJ20 — wJ30)

RS2+ (wo — w + mJio — wJ20 — wJ30)2
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Ro? + (wo — w — mJ1g — wJag — mJ30)>



maka dengan demikian diperoleh :

A (w)

Ry Ry

Ra? + (w3 —w + mJ30 + wJ31 + 7J32)2  Rp? 4 (w3 — w — wJ30 + wJ31 + 7J32)2
Ro Ro

Rp? — (w3 —w + mJ30 — wJ31 + ©J32)2  Ra? + (w3 —w — wJ30 — mJ31 + 7J32)?2
Ro Ro

Ro? 4 (w3 —w — wJ30 — wJ31 + mJ32)2  Ra2 + (w3 —w — mJ30 + wJ31 — wJ32)2
Ro Ro

Ro? 4 (w3 —w 4 mJ30 — mJ31 — mJ32)%2  Ra? + (w3 —w — wJ30 — mJ31 — wJ32)2
Ro Ro

Ro? + (wg — w+ mJ20 + 7J21 + 7J32)2  Ra? + (w2 —w — w20 + wJ21 4 7J32)2
Ro Ry

Rp? + (wy — w + wJoo — wJ21 + wJ32)2  Ra? 4 (w2 —w — wJa0 — wJ21 + wJ32)2
Ro Ro

Ro? + (wg — w + mdog + w21 — wJ32)2  Ro? + (wg — w — mlag + w21 — wJ32)2
Ro Ry

Ro? + (wg — w + mJ20 — w21 — wJ32)%  Ro? + (wg — w — mJz0 — w21 — wJ32)2
Ry Ro

Ro? 4 (w1 — w + wJ10 + wda1 + 7J31)2  Ra? + (w1 — w — w10 + w21 + wJ31)>
Ro Ro

Ro? + (w1 —w+mJig — wJa1 + 7J31)2  Rp? + (w1 —w — mJio — w21 + 7J31)?
Ro Ry

Ro? + (w1 — w+ 7oy — wJ31 + 77]30)2 Ro? + (w1 — w — wJyg + 721 — 7rJ32)2
Ro Ro

Ro? 4 (w1 — w+ w10 — mJ21 — 7J31)%  Ra? + (w1 —w — w10 — wJa1 — wJ31)2
Ro Ro

Ro? + (wo — w + wJ10 + wJa0 + 7J30)2  R2? + (wo — w — mJ10 + w20 + mJ30)2
Ro Ry

Ro? 4+ (wo — w + wJ10 — mJ20 + 7J30)2  R2 + (wo — w — mJig — wJ20 + ®J30)?
Ro Ro

Ry? + (wo — w + mJ10 + 7J20 — ®J30)2  Ra + (wo — w — wJ10 + wJ20 — wJ30)?
Ro Ry

Ro2 + (wo — w + 7J10 — 2o — 7rJ30)2 Ro? + (wg — w — wJy1g — wJ20 — 71']30)2
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(257)



dan diperoleh juga:

D (w) =

i(w3 —w+ mJ30 + w31 + wJ32)

i(w3 —w — mJ30 + 7J31 + 7J32)

Ro? 4 (w3 — w 4+ wJ3g + mJ31 + wJ32)2
i (w3 —w+ wJ39 — w31 + wJ32)

R? + (w3 — w — mJ30 + 7J31 + 7J32)?2
i(wg —w — wJ3g — wJ31 + wJI32)

Ro? + (w3 — w + mJ30 — mJ31 + wJ32)?
i(ws —w —mJ30 — wJ31 + wJ32)

Ro? 4 (w3 —w — wJ30 — wJ31 + mJ32)2
i(wg —w —mJ30 + wJ31 — wJ32)

Ro? + (w3 —w — wJ30 — wJ31 + mJ32)2

i(wg —w+wJ30 — 731 — wJ32)

Ro? + (w3 — w — mJ30 + mJ31 — wJ32)2

i (ws —w — wJ3g — wJ31 — wJ32)

Ro? + (w3 — w + mJ39 — wJ31 — wJ32)?
i (w2 —w+ w20 + mJ21 + 7J32)

Rp? + (w3 —w — wJ30 — mJ31 — 7J32)2
i(wy —w — wJ20 + mJ21 + wJ32)

Rp? + (w2 — w + mJa0 + mJ21 + 7J32)2
i (we —w + wJyg — wJ21 + wJ32)

Rp? + (wp — w — wJa0 + wJa1 + mJ32)?
i(we —w—wJa — wJ21 + wJ32)

Rp? + (w2 — w + mJao — w21 + mJ32)?
i(wa —w+ wJ20 + wJ21 — 7J32)

Rp? + (w2 — w — wJag — a1 + wJ32)?
i(wa —w—wJao + wJ21 — 7J32)

Rp2 + (w2 — w + mJag + wJ21 — wJ32)?
i(w2 —w+wJa0 — wJ21 — wJ32)

Rp? + (w2 — w — wJag + w21 — wJ32)?

i(wg —w —mJy — mJa1 — wJ32)

Ro? 4 (w2 — w + wJag — wJ21 — wJ32)?
i(w1 —w+7wJio + wJ21 + 7J31)

Rp? + (wg — w — mJp — wJ21 — wJ32)2

i(w1 —w—mJio + mJ21 + 7J31)

Rp? + (w1 — w + mJi0 + wJ21 + 7J31)2
i(wy) —w+ wJ1g — wJ21 + wJ31)

R? + (w1 —w — mJi0 + wJ21 + 7J31)32
i(w1 —w—7wJig — wJa1 + 7J31)

Rp2? + (w1 — w + mJig — w21 + 7J31)?
i(wy —w+ wJo1 — wJ31 + 7J30)

R22 + (w1 — w — mJio — wJ21 + wJ31)?
i(w1 —w—mJio + 7J21 — wJ32)

Rp2 + (w1 — w + mJa1 — w31 + mJ30)?
i(w1 —w+mJig — wJ21 — wJ31)

Rp2 + (w1 — w — wJ1g + wJ21 — wJ32)?

i(w) —w —7wJig — wJ21 — wJ31)

Ro2 + (w1 —w + w19 — wJ21 — wJ31)?
i(wo — w+ wJ10 + 7J20 + wJ30)

R22 + (w1 — w — wJ1g — wJa1 — 7J31)2

i(wp —w — wJig + wJ20 + 7JI30)

Rp? + (wo — w + mJ10 + mJ20 + 7J30)32
i(wog —w + wJ19 — wJ20 + 7©J30)

Ra? + (wo — w — wJ10 + mJ20 + 7J30)?
i(wo —w — wJ10 — wJ20 + 7J30)

Ro2 + (wo — w + mJ1g — mJ20 + wJ30)?
i(wp — w + 7wJ10 + ©J20 — 7J30)

Ry + (wo — w — wJ10 — mJ20 + ®J30)2
i(wop —w — wJio + wJ20 — 7J30)

R22 4 (wo — w + wJ10 + mJ20 — wJ30)?
i(wo —w+ mJig — wJ2g — wJ30)

Ry + (wo — w — wJ1g + wJ20 — wJ30)2

i(wo —w—mJig — mJa0 — mJ30)

Rp? + (wo — w + mJ1g — wJ20 — wJ30)?
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R22 + (wg — w — wJ1g — wJag — wJ30)2

(258)
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96¢

ebo —ebo P ebo —ePo ebo ebo —ebo _pPo ebo ebo —ePo ebo —ePo P Po

—efr A eb eb eb eb —efr et eb eb —ePr Pt b B et eb
— P2 eB2 — P2 eB2 eB2 — P2 eB2 — P2 eB2 — P2 eB2 —Pr P eB2 —ef2 B2
eBs eBs ePs ePs —efPs By B3 B _ofs _ofs s _ B eB3 ef3 eBs eB3
— P ebPa ebPa —efr P eb1 eb1 — ePa eP1 —_efr P eba eba _efr P P
efs ebs —ePs _—ePs eBs eBs —ePs _—efs B P eBs eBs —ePs P eds ebs
ebPe — P ebe — P eBe — ePs eBe —efs P eBe — ePs eBe — P ebs —ePs B
—ePr Pt Bt Bt Bt Pt B B ebr ebr ebr ebr ebr ebr ebr ebr
— P8 ePs ePs — P8 ePs —efPs P efs —ePs ePs eBs — ePs efs —_efs P P (259)
ePo ePo —efo Py _pBo P ePo ePo ePo ePo —ePs Py B P ePo ePo
ebro _ho Bro _gho _pBo gBio B0 Bio ebo B B0 _ B0 _ B Bro _gfio pBio
—eP P B B eb P e b B P B B ebi ebi ebi P
bz _ Pz Bz P2 bz _pfiz Pz P2 bz _ Pz Bz B2 bz _pfz Bz P2
—ePis Pz P bz _ Pz _ Bz bis Pz bz _ Pz P bz _pfiz _ pPs bz pbis
—ebra fra b P _pfuu pfa B P P B _pfa B _pfe pfua B pPua

6515 6515 6515 6515 6515 6515 6315 6615 6515 6515 6515 6515 6515 6515 6515 6515



L6¢

Ut

eiﬁl

6752

6755

67186

6758

e—Po
—ePo
e—Po
—ePo
—e P
e~ Bo
—ePo
e—Po
e—Po
—e P
e~ Po
—ePo
—ePo
e~ B0
—e P
e~ Po

—e P
—e P
—e P
— B p=Pr2
e P
e P
e—hAn
e—hAn
—e P
—e P
—e B
—e P
e—hAn
e A
e~
e Pu

e~ P2
—e P12
—e P12
e~ b3
e~ Pz
—e P2
—e P2
e~ P2
e~ P2
—e P2
— e P2
e~ P2
e~ P2
—e P2
—e P2
e P2

—e P13
—e P13
e~ P13
e~ Pa
—eP3
—e P13
e P13
e—P13
—e P13
—e P13
e Ps
e P13
—e P13
—e P13
e~ B3
e P13

—ePa
e—Pa
—e P
e~ Pis
—e P
e~ Pa
—ePa
e—Pa
—e P
e~ Pa
— e Pua
e~ Pa
—e P
e~ Pa
—e P
e P

e P15
e_ﬂIS
e P15

e~ P15
e P15
e P15
e P15
e~ P15
e~ P15
e P15
e P15
e P15
e~ P15
e~ P15
e Ps
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86¢

maka dengan demikian kita dapatkan untuk nilai p5 adalah
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—p10,11
0
0
0
0

—pP15,11

cCoocoP oo ocoococ o

—pP13,12
—P14,12

0

cCoD cocooPD ocoococo o

—pP12,13
0
0
—pl5, 13

—pP10,14
0

—p12,14
0
0

—pP15,14

coo coocoocoocococo

—P11,15

—pP13,15
—pP14,15
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Moyt =

(To+) = tr (o+ps)

— (p10+ P32+ psa2+ pre + pos + prigo + prsaz + pisa)

(272)

maka dengan demikian nilai magnetisasi total dari sistem
adalah sebagai berikut:

Mtot

= M3y + Moy + My + Moy

— (ps,o + po1 + pro2 + p11,3 + pr2a + piss + prae + Pis,7)
— P40 — P51~ Pe,2 — P13 — P12,8 — P13,9 — P14,10 — P15,11

— (p2.0 + P31+ Pea + P15 + Pros + P11o + P1a12 + P15.13)
(Pro+ P32+ psa+ pre + pog + priio + Pr3i2 + P15,14)

el(
ei(ws +mJ3o—mJ31+7I32)t
ei(w3 +mJ30+m 31— I32)t
ei(wg +rJ3o—mJ31—mJ32)t
w2t Ja0+mJo1+7J32)t
(w2 tm 2o —mJo1+7J32)t

ei(wz +rJoo+md21 —mJ32)t
ei(wz +mJog—mJo1—7mJ32)t

ei(w1 +rJio+mJ21+mJ31)t

ei(w1 +mJio—mJa1+7J31)t
ei(w1 +rJo1—mwJ31+mwJ30)t
ei(wl +rJio—mJ21—7J31)t
GwotmJio+mJa0+mJ30)t
6i(wo +rJio—mJ20+mJ30)t
ei(wo +rJio+mJ20—7J30)t

ei(wo +rJio—mJ20—7J30)t

i(ws+mJz0+mJ31+7wT32)t

_

6i(w3—7rJ30 +mJ31+mJ32)t

t(wz—mJ30—7J31+7J32)t

ei(wg—wJ:sO-i-ﬂ'ng —7J32)t

ei(UJ3f7rJ3077TJ31 77TJ32)t
ei(w2*WJ20+7TJ21 +7J32)t

ei(wg—ﬂ']go—ﬂ'le +mJ32)t

(273)

ei(wz —7mJoo+m 21 —mJ32)t
t(wa—mJog—mJo1 —7mJ32)t

6Z'(w1 —mJio+mJ21+7J31)t

ei(wl —nJio—mJ21+7J31)t
ei(wl —nJiot+md21 —mJ32)t
ei(wl —nJio—mJ21—7J31)t
ei(WO*ﬂ'JIOJrﬂ'JZO +7J30)t
ei(wo—WJlo—WJzo +7J30)t
i(wo—mJ1o+mJ20—7J30)t

gi(wo—mJio—mJ20—mJ30)t
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kemudian didapatkan juga untuk sinyal FID sebagai berikut:

—Rot
S = MtOte 2

—e€
—(R2—i(ws+mJ30—7mJ31+mJ32))t

— €

e

e

— €

e

e

e

— €

_ 6—(R2—i(w1+7rJ10—7rJ21—7rJ31))t

e

e

¢~ (R2—i(wotmJio+mJ20+mJ30))t

e

e

— €

dimana Ry = Ti

—(Re—i(ws+mJ30+mJ31—7J32))t
—(Re—i(ws+mJ30—mJ31—7J32))t
—(Ro—i(w2+mJoo+mJ21+mJ32))t
—(Ro—i(wa+mJoo—mJ21+7J32))t
—(Ra—i(wa+mJ20+mJ21 —mJ32))t
—(Re—i(wzt+mJag—mJ21—mJ32))t
—(Ra—i(wr+mJro+nJa1+7J31))t
—(Ro—i(w1+mJio—mJo1+mJ31))t

—(R2—i(wi+mJ21—mJ31+7J30))t

—(R2—i(wo+mJ10—mJ20+7J30))t
—(R2—i(wo+mJ10+7J20—7J30))1

—(R2—i(wo+mJ10—7J20—7J30))t

2

—(R2—i(ws+mJ30+mJ31+7J32))t
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— €

— €

— €

— €

— €

— €

— €

— €

— €

— €

— €

— €

— €

— €

— €

— €

—(R2—i(ws—mJ30—mJ31+mJ32))t
—(Re—i(ws—mJ30+mJ31—7J32))t
—(Re—i(ws—mJ30—mJ31—7J32))t
—(R2—i(w2—mJ20+mJ21+7J32))t
—(Ro—i(wa—mJoo—mJ21+7J32))t
—(Ra—i(w2—mJoo+mJ21 —mJ32))t
—(Ra—i(w2—mJog—mJ21—7J32))t
—(Ra—i(wr—mJro+mJ21+7J31))t
—(Ro—i(w1—mJio—mJo1+mJ31))t
—(Re—i(w1—mJio+mJ21 —7J32))t
—(R2—i(w1—mJio—mJ21—mJ31))t
—(Ro—i(wo—mJ10+mJ20+7J30))t
—(Ro—i(wo—mJ1o—mJ20+7J30))t
—(R2—i(wo—mJ10+mJ20—J30))t

—(R2—i(wo—mJ10—7J20—7J30))t

—(R2—i(wz—mJ30+mJ31+7J32))t

(274)



kemudian dapat di cari terlebih dahulu untuk perkalian
antara S (t) e ™" yaitu sebagi berikut:

S (t) efiwt _ 7e*(szi(wg7w+7rJ30+7rJ31+7rJ32))t _ ef(RQ71'(14.137w77rJ30+7rJ31+7rJ32))t

_ o~ (R2—i(wg—wtmJgo—mJ31+7J32))t _ —(Rep—i(wz—w—mJ30—mJ31+mJ32))t

_ o~ (R2—i(wg—wtmJgo+mJ31 —mJ32))t _ —(Rep—i(wz—w—mJ30+mwJ31—mJ32))t
_ o~ (R2—i(wg—w+mJgo—mJ31—7J32))t _ —(R2—i(wz—w—mwJ30—mJ31—7J32))t
_ o~ (Ra—i(wa—wtmJao+mJor+mJ32))t _ —(Re—i(wp—w—mJao+7mJ21+7JI32))t
_ o~ (Ra—i(wa—wtmJao—mJo1+mJ32))t _ —(Re—i(wz—w—mJao—mJ21+mJ32))t

— e~ (Re—i(wa—wtmoo+mJ21 —mJ32))t _ —(R2—i(we—w—mJ2o+mJ21—7J32))t

_ e~ (Ra—i(wa—wtmJao—mJ21—mJ32))t _ o—(Ra—i(wz—w—mJa0—7J21—7J32))t
(275)

_ o~ (Re—i(wri—wtmJiotnJor+mJ31))t _ —(Re—i(wi—w—mJio+mJ21+7J31))t
_ e~ (Re—i(wi—wtnJig—mJ21+7J31))t _ —(Re—i(wi—w—wJig—7wJ21+7J31))t
_ o~ (R2—i(wr—wtmJor—mJ314+7J30))t _ —(Re—i(wi—w—mJio+mwJo1—7J32))t
_ o~ (R2—i(wri—wtmJio—mJ21 —7J31))t _ —(Re—i(wi—w—mwJio—mJ21—7J31))t
_ o~ (R2—i(wo—w+mJro+mJ20+mJ30))t _ —(Re—i(wo—w—mJio+7J20+7J30))t
_ o~ (R2—i(wo—w+mJro—mJ20+7J30))t _ o—(R2—i(wo—w—mJio—mJ20+mJ30))t
_ e~ (R2—i(wo—w+mJio+mJ20—7J30))t _ o—(R2—i(wo—w—mJ10+wJ20—7J30))t

_ e~ (R2—i(wo—w+mJio—mJ20—7J30))t _ —(R2—i(wo—w—mwJio—mJ20—7J30))t
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S (w) = /s (t) e=it g
0

e~ (Re—i(wz—w+mJzo+mJ31+7J32))t

Transformasi Fourirer dari sinyal FiD adalah sebagai berikut:

e~ (Re—i(wg—w—mJ3o+7J31+7J32))t

= . +
(R2 — i (w3 —w + wJ30 + wJ31 + wJ32))

e~ (R2—i(wg—w+mJz0—mJ31+mJ32))t

(R2 —i (w3 —w —wJ30 + wJ31 + 7J32))

e~ (Re—i(wz—w—mJ30—mJ31+mJ32))t

+ +
(R2 —i (w3 —w+mJ30 — wJ31 + 7J32))

e~ (R2—i(wz—w—mJzg—7J31+mJ32))t

(R2 —i (w3 —w —7J30 — wJ31 + wJ32))
e~ (R2—i(wg—w—mJzo+7mJ31—mJ32))t

+ - +
(R2 — i (w3 —w —wJ30 — wJ31 + wJ32))

e (Re—i(wz—w+mJz0—7wJ31—mJ32))t

(R2 —i(ws —w —7mJ3g + wJ31 — wJ32))

e (Re—i(wz—w—mJ3g—mJ31—mJ32))t

- +
(R2 — i (w3 —w+ wJ30 — wJ31 — wJ32))

e~ (R2—i(wa—w+mJag+mJ21+7mJ32))t

(R2 —i (w3 —w —7wJ3g — wJ31 — wJ32))
e~ (R2—i(wa—w—mJao+mJ21+7J32))t

+ +
(R2 — i (w2 — w+ wJoo + wJ21 + wJ32))

e~ (R2—i(wa—w+mJag—mJ21+mJ32))t

(R2 —i(wg — w — mJag + wJa21 + wJ32))
e~ (R2—i(wa—w—mJzo—mJ21+mJ32))t

+ : +
(R2 — i (w2 — w+ wJog — wJ21 + wJ32))

e~ (Re—i(wz —w+mJoo+mJ21 —mJ32))t
+

(R2 —i(wg —w — mJog — wJa1 + wJ32))
e~ (R2—i(wa—w—mJao+mJ21 —7mJ32))t

67(R27'L(w27w+ﬂ']2077'r.72177r(]32))t

- +
(R2 — i (w2 — w4 wJ2o + wJ21 — 7J32))

(R2 — i (w2 —w — mJag + wJ21 — 7J32))

e~ (R2—i(wa—w—mJzg—7J21—7J32))t

+ " +
(R2 —1 (UJQ —w+nwJyg — wJ21 — 7TJ32))

e~ (R2—i(wi—wtmJip+mJ21+7J31))t

(R2 —i(wa —w — mJag — wJa1 — wJ32))
e~ (Re—i(wi—w—mJio+7mJ21+mJ31))t

+ : +
(R2 —i(w1 —w+ wJio + 7J21 + 7J31))

e~ (Re—i(wi—w+mJig—7Ja1+7J31))t

(R2 —i(w1 —w —7Jio + wJa1 + 7J31))
e—(szi(wl7w77TJ1077rJ21+77J31))t

+ - +
(R2 — i (w1 —w+ wJig — wJ21 + wJ31))

e~ (Re—i(wi—w+mJ21 —7J31+7J30))t

(Re —i(w1 —w —7wJi0 — w21 + 7J31))
e~ (Re—i(wi—w—mJig+mwJa1—mJ32))t

+ +
(R2 —i(w1 —w+mJ21 — mJ31 + 7J30))

e~ (R2—i(wi—wtmJio—mJ21 —7J31))t

(R2 —i(w1 —w —7wJio + wJ21 — wJ32))

e~ (R2—i(wi—w—mJig—mJ21—7J31))t

+ - +
(R27’L(UJ1 —w+wJig — wJ21 771’]31))

e~ (R2—i(wo—w+mJ19+7J20+7J30))t

(R2 —i(w1 —w—7Jig — wJa1 — wJ31))
e~ (Re—i(wo—w—mJio+mJ20+mJI30))t

(R2 — i (wo — w4 wJ10 + wJ20 + wJ30))
e—(Rg7i(wo—w+7rJ1077rJ20+7rJ30))t
+

(R2 —i(wo —w —7wJ10 + 7wJ20 + mJ30))
e~ (R2—i(wo—w—mJig—mJ20+7J30))t

e~ (R2—i(wo—w+mJ1o+7mJ20—7J30))t

- +
(R2 — i (wo —w + wJio — wJ2o + wJ30))

(R2 —i(wo —w —wJ1g — wJ20 + wJ30))

e~ (R2—i(wo—w—mJig+mJ20—mJ30))t

+ +
(R2 —i(wo — w + wJio + wJ20 — wJ30))

e~ (R2—i(wo—w+mJ19—7J20—mJ30))t

(R2 —i(wo —w —7mJ1o + wJ2o — wJ30))
e~ (R2—i(wo—w—mJig—mJ20—7J30))t

+ . +
(RQ—z(wo—w+7rJ10—7rJ20—7rJ30))
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—1 1
" (Re—i(ws —w+ w30 + w31 +7J32))  (R2 —i(ws —w — w30 + w31 + wJ32))
1 1
(R2 —1 (wg —w+7wJ3zg — w31 + 7I'J32)) (R2 —1 (UJ3 —w —7mJ3g — wJ31 + 7TJ32))
1 1
(R2 —i(wz —w —7J30 — wJ31 + wJ32)) (R2 —i(ws —w — w30 + 7wJ31 — wJ32))
_ 1 B 1
(R2 —i(w3s —w+7mJ3g —wJ31 —7J32)) (R2 —i(ws —w —wJ30 — wJ31 — wJ32))
1 1
(R2 — i (w2 —w+7Jog + w21 + wJ32)) (R2 —i(w2 —w — wJag + w21 + wJ32))
1 1
(R2 — i (w2 — w+ wJoo — wJ21 + wJ32)) (R2 — i (wg —w — wJag — wJa1 + wJ32))
1 1
(R2 — i (w2 — w+ mJag + wJ21 — wJ32)) (R2 — i (w2 —w — mJag + wJo1 — wJ32))
_ 1 B 1
(R2 —i(w2 —w+7mJog —mwJo1 —wJ32))  (R2 —i(w2 —w — wJag — w21 — wJ32))
1 1
(R2 —i(w1 —w+nJio +7d21 +7J31))  (R2 —i(w1 —w—7Jio +mJ21 +7J31))
1 1
(R2 —i (w1 —w+7mJig —mJo1 +7J31)) (R2 —i(w1 —w —wJig — w21 + wJ31))
_ 1 B 1
(R2 —i(w1 —w+7Jor — 731 +7J30)) (R2 —i(w1 —w —wJig + w21 — wJ32))
1 1
(R2 —z'(wl —w+ 7wJig — w21 —7rJ31)) (RQ —i(wl —w —7mJig — wJ21 —7TJ31))
1 1
(R2 —i(wo —w+mJio +mJ20 + 7J30)) (R2 —i(wo —w — wJio + wJ20 + wJ30))
_ 1 B 1
(R2 —i(wo —w+7mJio — wJoo + 7J30)) (R2 —i(wo —w — wJig — w20 + 7J30))
1 1
(R2 —i(wo —w+7mJio +7Joo — 7J30)) (R2 —i(wo —w — wJio + wJ20 — 7J30))
1 1

- (R2 —i(wo — w+ wJ10 — wJ20 — wJ30)) B (R2 —1 (wo —w—wJip — wJ20 — wJ30))
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Ry +i (w3 —w + wJ30 + wJ31 + wJ32)

Ro +i(ws —w — mwJ30 + w31 + 7J32)

_R22 + (w3 — w + 7 J30 + 731 + wJ32)? - Ro? + (w3 — w — wJ30 + wJ31 + wJ32)>

Ry + i (w3 —w + wJ30 — wJ31 + wJ32)

Ry + i (w3 —w —7wJ30 — mJ31 + mJ32)

Ro? + (w3 — w + wJ30 — w31 + wJ32)>
Ro +i(ws —w — wJ30 — wJ31 + 7J32)

_ R2+i(w3

Ro? + (w3 — w — mJ30 — wJ31 + mJ32)>

—w —7wJ3g + wJ31 —7TJ32)

Ro? + (w3 — w — wJ30 — w31 + 7J32)?
Ro +1 (W3 —w+wJ3g — wJ31 — 7!']32)

Ro? + (w3 — w — wJ30 + w31 — wJ32)>

Ro +1 (OJ3 —w—mJ3g —mJ31 — 7TJ32)

Ro? 4 (w3 —w + 30 — 31 — mJ32)®  Ro? + (ws — w — mJ3g — mJ31 — mJ32)°
Ry +i(w2 —w+mJag + w21 +mJ32)  Ro+i(w2 —w—mJa + 721 + 732)
Ro? + (w2 —w + ma0 + o1 + mJ32)?  Ra? + (w2 — w — mJag + w21 + wJ32)°
Ry +i(w2 —w+mJoo —7wJa1 + md32) Ry +i(w2 —w—ma — wda1 + mJ32)
Ro? 4 (w2 — w4 mJog — wJo1 + wJ32)%  Ro? 4 (w2 — w — wag — who1 + wJ32)?
Ry +i(w2 —w+mJog + w21 —mJ32)  Ro+i(w2 —w—mJa + o1 — m32)
Ro? + (w2 — w4 wJog + w21 — wJ32)%  Re? + (w2 —w — w20 + w21 — wJ32)>
Ro +1i (UJ2 —w+mwJyg — wJ21 — 7TJ32) Ro +1 (WQ —w —7mJog — mwJ21 — 7TJ32)

Ro? + (w2 —w+ mJag — w21 — 7TJ32)2
Ry + i (w1 —w + wJio + wJo1 + wJ31)

Ro? + (w2 — w — mJag — mJa1 — wJ32)?
Ro +i (w1 —w — wJig + 7J21 + 7J31)

Ro? + (w1 —w + mJio + wJa1 + mJ31)>
Ro+i (w1 —w+ wJio — w21 + 7J31)

Ro? + (w1 —w — wJig + w1 + mJ31)>
Ro+i (w1 —w—wJig — wJ21 + 7J31)

Ry? + (w1 —w + 10 — ma1 + mJ31)?
Rz +i (w1 —w+7mJ21 — wJ31 + wJ30)

Ro? 4 (w1 —w — w10 — wJo1 + wJ31)?
Ry +i(wy —w—mJio + mJ21 — wJ32)

Ro? + (w1 — w + wJo1 — wJ31 + mJ30)?
Ry +i(w1 —w+7wJio — wd21 — wJ31)

Ro? 4 (w1 —w — w10 + mJo1 — wJ32)?

Rz—i—i(wl —w —7wJig — w21 —7TJ31)

Ro? + (w1 — w + wJ10 — mJa1 — mJ31)?
R2 + i (wo —w + wJ10 + 7J20 + mJ30)

Ro? + (w1 —w — mJ1g — a1 — mJ31)>
Ry +i(wo —w — wJio + w20 + wJ30)

Ry? + (wo — w + 10 + 20 + mJ30)?
Ra +1i(wo —w + w10 — wJ20 + 7J30)

Ro? + (wo — w — wJ10 + mJao + wJ30)?
Ry +1i(wo —w — wJig — wJ20 + wJ30)

Ro? + (wo — w + mJ10 — mJag + mJ30)>
Ro + i (wo —w + wJio + wJ20 — 7J30)

Ro + (wo —w —7mJig — wJog + 7TJ30)2
Ry +i(wo —w — wJ1o + mwJ20 — wJ30)

Ry? + (wo — w + mJ10 + w20 — mJ30)2
Ro +1 (wo —w+ wJig — wJ2g — wJ30)

Ra + (wo — w — w10 + wJeo — wJ30)°
Ry + i (wo —w — wJ10 — wJ20 — wJ30)

Ro? + (wo — w + mJ1o — wJag — mJ30)>
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maka dengan demikian diperoleh :

A (w)

—Ro Ry

R? + (w3 — w + mJ30 + wJ31 + 7J32)2  Ra? 4 (w3 — w — wJ30 + mJ31 + wJ32)>
Ro Ro

Ro? — (w3 — w + mJ30 — w31 + wJ32)2  Ra? + (w3 — w — wJ30 — w31 + mJ32)>
Ro Ro

Ro? + (w3 — w — w30 — w31 + 7J32)%  Ro? + (w3 — w — w30 + w31 — wJ32)2
Ry Ro

Ro? 4 (w3 — w + wJ30 — w31 — wJ32)%  Ro? + (w3 — w — w30 — w31 — wJ32)2
Ro Ro

Ro? + (wg — w + mJ20 + mJ21 + 7J32)2  Ro? + (wy — w — wJag + wda1 + wJ32)2
Ro Ry

Ro? + (wo — w + wJag — w21 + J32)2  Ro? + (w2 — w — wJag — w21 + mJ32)2
Ro Ro

Ro? + (wg — w + mdog + w21 — wJ32)2  Ro? + (wg — w — mlag + w21 — wJ32)2
Ro Ry

Ro? + (wg — w + mJ20 — w21 — wJ32)%  Ro? + (wg — w — mJz0 — w21 — wJ32)2
Ry Ro

Ro? 4 (w1 — w + wJ10 + wda1 + 7J31)2  Ra? + (w1 — w — w10 + w21 + wJ31)>
Ro Ro

Ro? + (w1 — w + w10 — mJ21 + 7J31)2  Ro? + (w1 — w — w10 — w21 + 7J31)2
Ro Ry

Ro? + (w1 — w+ 7oy — wJ31 + 77]30)2 - Ro? + (w1 — w — wJyg + 721 — 7rJ32)2
Ro Ro

Ro? 4 (w1 — w+ w10 — mJ21 — 7J31)%  Ra? + (w1 —w — w10 — wJa1 — wJ31)2
Ro Ro

Ro? + (wo — w + wJ10 + wJa0 + 7J30)2  R2? + (wo — w — mJ10 + w20 + mJ30)2
Ro Ry

Ro2 + (wo — w + wJ1g — mJ20 + wJ30)2 Rz + (wo — w — mJ1g — mJ20 + wJ30)2
Ro Ro

Ry? + (wo — w + mJ10 + 7J20 — ®J30)2  Ra + (wo — w — wJ10 + wJ20 — wJ30)?
Ro Ry

Ro2 + (wo — w + 7J10 — 2o — 7rJ30)2 Ro? + (wg — w — wJy1g — wJ20 — 71']30)2
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dan diperoleh juga:

D (w)

—i(wg —w+ wJ30 + 7wJ31 + wJ32)

i (w3 —w — wJ30 + 7J31 + 7J32)

Ro? 4 (w3 — w 4+ wJ3g + mJ31 + wJ32)2
i (w3 —w + w39 — wJ31 + 7wJ32)

" Ro? + (w3 — w — w30 + w31 + mI32)2

i (w3 —w — wJ39 — wJ31 + wJ32)

Ro? 4 (w3 — w + mJ30 — wJ31 + wJ32)2
i(wg —w — wJ30 — wJ31 + 7J32)

Ro? 4 (w3 — w — wJ30 — wJ31 + mJ32)2
i(w3 —w —mJ30 + w31 — wJ32)

Ry? 4 (w3 — w — wJ30 — mJ31 + mJ32)2

i (ws — w4+ wJ39 — wJ31 — wJ33)

Ro? 4 (w3 — w — wJ30 + mJ31 — mJ32)2

i(wg —w — wJ3g — wJ31 — wJ33)

Rp? + (w3 — w + mJ30 — wJ31 — wJ32)?
i (wo — w + 7wJog + wJ21 + wJ32)

Rp? + (w3 —w — mJ30 — wJ31 — wJ32)>
i(we —w —mJag + wJ21 + wJ32)

Rp? + (w2 — w + mJa0 + mJ21 + 7J32)2
i (we —w + wJyg — wJ21 + wJ32)

Rp? + (wp — w — wJa0 + wJa1 + mJ32)?
i(we —w—wJa — wJ21 + wJ32)

Rp? + (w2 — w + mJao — w21 + mJ32)?
i(wa —w+ wJ20 + wJ21 — 7J32)

Rp? + (w2 — w — wJag — a1 + wJ32)?
i(wa —w—wJao + wJ21 — 7J32)

Ry? 4 (wp — w 4 wJz0 + mJa1 — wJ32)2
i (wg — w4 wJog — wJ21 — wJ33)

Rp? + (w2 — w — wJag + w21 — wJ32)?

i(wg —w —mJy — mJa1 — wJ32)

Ro? 4 (w2 — w + wJag — wJ21 — wJ32)?
i(wy —w+ 7wJig + w21 + wJ31)

R22 + (w2 — w — wJag — wJa1 — 7J32)2

i(w1 —w—7mJig + 7J21 + 7J31)

Rp? + (w1 — w + mJi0 + wJ21 + 7J31)2
i(wy) —w+ wJ1g — wJ21 + wJ31)

R? + (w1 —w — mJi0 + wJ21 + 7J31)32
i(w1 —w—7wJig — wJa1 + 7J31)

Rp2? + (w1 — w + mJig — w21 + 7J31)?
i(w1 —w+ wJ21 — wJ31 + 7J30)

R22 + (w1 — w — mJio — wJ21 + wJ31)?
i (w1 —w —mJig + 7J21 — 7J32)

Rp2 + (w1 — w + mJa1 — w31 + mJ30)?
i(wp —w+nwJig — wJ21 — wJ31)

Rp2 + (w1 — w — wJ1g + wJ21 — wJ32)?

i(w) —w —7wJig — wJ21 — wJ31)

Ro2 + (w1 —w + w19 — wJ21 — wJ31)?
i(wo —w+ mJ10 + mJ20 + 7J30)

R22 + (w1 — w — wJ1g — wJa1 — 7J31)2

i(wo —w —mJ10 + 7J20 + 7J30)

Rp? + (wo — w + mJ10 + mJ20 + 7J30)32
i(wog —w + wJ19 — wJ20 + 7©J30)

Ra? + (wo — w — wJ10 + mJ20 + 7J30)?
i(wo —w — wJ10 — wJ20 + 7J30)

" Ra2? 4 (wo — w + 10 — w20 + 7J30)2

i(wo —w + mJ10 + TJ20 — 7J30)

Ry + (wo — w — wJ10 — mJ20 + ®J30)2
i(wo —w — mJ10 + 7J20 — 7J30)

R22 4 (wo — w + wJ10 + mJ20 — wJ30)?
i(wo —w+ mJig — wJ2g — wJ30)

Ry + (wo — w — wJ1g + wJ20 — wJ30)2

i(wo —w—mJig — mJa0 — mJ30)

Rp? + (wo — w + mJ1g — wJ20 — wJ30)?
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R22 + (wg — w — wJ1g — wJag — wJ30)2
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dengan

p071 — pl,[)* — 6&07/81 p6,7 — ,0776* — 6567’87
Po2 = pao’ = ePo—B2 Pe14 = Prag” = Bs—B1d
Pos = P80’ = el —h P89 = Pos* = eB8—B9

P13 = /33,1* = f1=Ps P10 = ,010,8* — ePs=Po

p1,5 — p5,1* — eﬁl_ﬁs p8,12 — p12’8* — 668_612
P19 = Pg,l* = 1P P11 = ,01179* — ePo—hn
p2,3 - p372* = 6ﬁ27’83 p9713 = p1379* — 6597513

P26 = Pe2” = eP2=Ps p1011 = P1110" = eBro—PBn
P2,10 = 010,2* = 662_510 P10,14 = p14710* — 6510—,314 (282>
P37 = pr3° = efs=hr P12.13 = P1312" = eB12—Ps
P311 = P11,3* = Hhil p12,14 = p14’12* — ePr2—Pu
Pas = P5,4* = P hs P11,15 = P15711* — BPui—Pis
Pa6 = 06,4* = 664_66 P13,15 = p15713* — 6513—515
piiz = praa® = €M7 s = prygst = PP
P57 = prs" = PP P57 = Pr15* = eBr=P1s
P51z = pias" = e Poa = pao* = elohs
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Bs — Bio = =i (Fag — Ex10
By — P11 = —i (Fag — Ean
Bro — P = a1)t
P2 — Prz3 = —i (Ey12 — Eq13)t
)t
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)t
)t
Be — Bra = —1i(Esg — Eg1a)t
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)t
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|
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Bi1— Pis = =t (Ey11 — Ea1s
Bia — Bis = —t
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P15 — Br = —i(Ey15 — Eg7)t
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E470—E4,1 :w0+7rJ10+7rJ20~|—7rJ30
E470—E4,4IWQ+7TJ20+7TJ21+7TJ32
E471—E4,32u)1—7TJ10+7TJ21+7TJ31
E471—E4,QZW3—7TJ30+7TJ310+7TJ32
E472—E4,6:w2—|—7TJ20—7TJ21+7TJ32
E473—E4,7:w2—7TJ20—7TJ21+7TJ32
E474 —E4,5 :w0+7TJ10 —7TJ20+7TJ30
E4,4—E4,12ZW3+7TJ30+7TJ31—7TJ32
E4’5 - E4, 13 = Ws —7TJ30+7TJ31 —7TJ32
E476—E4,14:(U3+7TJ30—7TJ31—7TJ32
E478—E4,10:w1+7ﬂ]21—7TJ31+7TJ30
E479—E4,11:W1 —7TJ10+7TJ21—7TJ32
Eyjo — B4, 14 = wy + o — mJor — 32
E4,12 — E4, 14 = w1 +7TJ10 —7TJ21 — 7T<]31
E4713—E4, 15 = w1 —7TJ10 —7TJ21 —7TJ31
E479 — E4, 13 = Wy — 7TJ2() —|—7TJ21 — 7TJ32

E470 —E4,2 = w1 +7TJ10+7TJ21+7TJ31
E470 —E4,8 :LU3+7TJ30+7TJ31 +7TJ32
E471 —E4,5 = W2 —7TJ20+7TJ21 +7TJ32
E472 —E4,3:w0 —7TJ10+7TJ20+7TJ30
E472 —E4, 10 :(,U3+7TJ30 —7TJ31 +7TJ32
E473 —E4,11 = W3 —7TJ30—7TJ31 —|-7TJ32
E474 — E4,6 = ws —|—7TJ10 — 7TJ21 +7TJ31
E4,5 — E4,7 = w1 —7TJ10 - 7TJ21 +7TJ31
E4,6 - E477 = Wwp — 7TJ10 - 7TJ20 +7T<]30
E478 —E4,9:wO+7TJ10+7TJ20—7TJ30
E4,8—E4, 12 :CUQ+7TJ20+7TJ21 —7TJ32
E4’10 - E4,11 = Wy —7TJ10 +7TJ20 - 7TJ30
E4,12 — E4, 13 = wo + 7TJ10 — 7TJ20 — 7TJ30
E4711 - E4, 15 = Wy — 7TJ20 — 7TJ21 —7TJ32
E4714 - E4, 15 = Wo — 7TJ10 - 7TJ20 - 7TJ30
E4715 - E4,7 = w3+ 7TJ3() + 7TJ31 + 77]32

(284)



maka dapat ditentukan nilai magnetisasi dari masing-

masing qubitnya yaitu sebagai berikut:
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tr (Is4ps5)

Msy = (I34) =

(285)

P80 + Po1 + pPro2 + p11,3 + P12,4 + P135 + P1ae + P15

dan
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tr (Io4ps5)

Moy = (Io4) =

(287)

P40+ P51 — Pe2 — P73+ P12,8 + P139 — P14,10 — P15,11

dan
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tr (114p5)

My = (I1y) =

(289)

P2,0 + P31 — Pea — P75+ P1o8 + P11,9 — P14,12 — P15,

dan
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Moy = (Io4) = tr (Io+ps) (291)
= —(p1o+ P32+ ps2+ pre+ pos+ pi110 + P13z + Pis14)

maka dengan demikian nilai magnetisasi total dari sistem
adalah sebagai berikut:

Mot = M3y + Moy + My + Moy
= ps,0 T P91+ Pro2 + P11,3 + P12,4 + P135 + Pras + P157
+ P40 + P51~ P62 — P73 T P12,8 T P13.9 — P14,10 — P15,11
+ P20+ P31 — Pe4a — P15 T Pros + P11,9 — P14,12 — P15,13
— (p10+ P32+ psa+ pre + pos + priio + P32 + P15.14)
— ei(w3+7rJ30+7rJ31+7rJ32)t + ei(W3—7rJ3o+7rJ31+7rJ32)t
+ 6i(W3+7rJ30—7rJ31+7rJ32)t + ei(w3—7TJ3o—7rJ31+7rJ32)t
+ ei(w3+7TJ30+7rJ31—7TJ32)t + ei(w3—7TJ30+7rJ31—7TJ32)t
+ ei(w3+7rJ30*7rJ31*7TJ32)t + ei(w3*7TJ30*7rJ31*7TJ32)t
+ w2t J20+mJo1+7J32)t + gi(wa—mJ20+mJ21+7 J32)t

i(watmJoo—mJo1+mwJ32)t _ i(wa—mJao—mJo1+7J32)t

—e e (292)

+ ei(w2+7rJzo+7rJ21—7rJ32)t + ez’(wg—wJ20+7rJ21—7rJ32)t

. ei(wg+7rJ20—7rJ21—7TJ32)t . ei(wz—TrJ2()—7TJ21—7rJ32)t
+ ei(W1+7rJ10+7rJ21+7TJ31)t + ei(W1—7rJ10+7rJ21+7rJ31)t

_ ei(w1+7rJ10—TrJ21+7rJ31)t _ ei(wl—ﬂjlo—ﬂJ21+7TJ31)t

+ 6i(w1+7TJ2177TJ31+7TJ30)t _'_ e’i(wlfﬂ'J10+7TJ2177TJ32)t

i(w1+7rJ10771'J2177rJ31)t i(wlfﬂ'Jlofﬂ'JQlfﬂ‘ng)t

— € — €
. ei(wo+7rJ10+7rJ20+7rJ30)t . ei(wofﬁJ10+7TJ20+7TJ30)t
_ ei(wO+7rJ10—7rJ20+7TJ30)t o ei(wO—leo—ﬂ'JQo—‘rﬂ’Jgo)t

. ei(wo+7rJ10+7rJ20—7rJ30)t . ei(wo—TrJ10+7TJzo—7rJ30)t
_ 6i(wo+7rJ1()—7rJ20—7TJ30)t o ei(wo—ﬂ'Jl()—ﬂ'JQo—WJ;go)t
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kemudian didapatkan juga untuk sinyal FID sebagai berikut:

—Rot
S = MtOte 2

_ 6—(Rz—i(W3+7TJ3o+7rJ31+7FJ32))t + e—(Rz—i(w3—7fJ30+7TJ31+7rJ32))t

+ e*(R2*i(W3+TrJ30*7TJ31+7rJ32))t + e*(Rz*i(w3*7rJ30*7TJ31+7TJ32))t
+ e*(RQ*i(w3+TrJ30+7TJ31*7TJ32))t + e*(RQ*i(wsfﬂJsoJrﬂJSl*ﬂJsz))t
+ ¢~ (R2—i(ws+mJs0—mJ31—7J32))t + ¢~ (R2—i(ws—mJs0—mJ31—mJ32))t
+ ¢~ (R2—i(watmao+m /o1 +mJ52))t + ¢ (Rz2—i(wa—mJao+mJ21+m]32))t

i 6—(Rg—i(w2+7rJ20—7rJ21+7rJ32))t i 6—(RQ—i(wQ—TI'JQ()—WJ21+7TJ32))t

+6—(R2—i(wz+7rj20+7TJ21—7rJ32))t+ —(R2—i(wa—7Jao+mJ21 —J32))t

[&

_ e—(RQ—i(wz—f—ﬂ'Jzo—Wle—7rJ32))t o 6—(R2—i(wz—7rj20—7TJ21—WJ32))(£293)

+e—(R2—i(w1+TrJ10+7TJ21+7TJ31))t_|_ —(R2—i(w1—7mJio+mJ21+7J31))t

e

7(RQ7’L’(w1+7TJ1077TJ21+7TJ31))t 7(R27i(¢d1 7#]10771‘]21+7TJ31))t

— € — €

+ e*(RQ*i(UJl“Fﬂ'JQl777]3]_+7TJ30))t + e*(Rg*i(wl77I‘J10+TFJ2177TJ32))1‘,

_ 6—(R2—i(w1+7rJ10—7rJ21—7rJ31))t —(Rg—i(wl —TrJlo—ﬂ'ng—WJ:gl))t

— €

e—(R2—i(w0+TrJ10+7rJ20+7rJ30))t . 6—(R2—i(wo—TrJ10+7rJ20+7rJ30))t

—(Re—i(wo+mJio—mJ20+7J30))t —(Ro—i(wo—mJ1o—mJ20+7J30))t

— € — €
_ e—(R2—i(w0+7TJ10+7rJ20—7rJ30))t o 6—(R2—i(wo—TrJ10+7TJ20—7rJ3()))t
_ e—(RQ—i(OJO-i-WJlo—7TJ20—7TJ30))t _ e—(RQ—i(wO—ﬂ'Ju‘)—7TJ20—7TJ30))t

dimana Ry = T%
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kemudian dapat di cari terlebih dahulu untuk perkalian
antara S (t) e~ yaitu sebagai berikut:

S(t) efiwt _ ef(RQ*i(wg7uj+7rJ30+7rJ31+7rJ32))t + ef(Rz771(0.)37wfrrJ30+7rJ31+7rJ32))t

4 e~ (Re—i(wg—wtmJzo—mJ31+mJ32))t | —(R2—i(wz—w—mJ30—mJ31+7J32))t

4 e~ (Re—i(wg—wtmJzo+mz1—mJ32))t | —(Re—i(wz—w—mJ30+mJI31—7J32))t

4 e (Re—i(wg—wtmJzo—mJ31—7J32))t | o—(Re—i(wz—w—mJ30—mJ31—mJ32))¢

4 e*(Rgfi(wrz7w+7rJ20+7'rJ21+7rJ32))t + ef(Rg7i(w27w77rJ20+7rJ21+7rJ32))t

_ e~ (Re—i(wa—wtmao—mJ214+7J32))t _ —(R2—i(we—w—mJ20—mJ21+7J32))t

4 g~ (Re—i(wz—wtmdaotmoi—mJ52))t | o~ (Re—i(wz—w—mJao+mt21—7J32))t

_ e~ (Ra—i(wa—wtmJao—mJ21—mJ32))t _ o—(Ra—i(wz—w—mJa0—7J21—7J32))t
294
4 e~ (Re—i(wi—wtmJiotnoi+mdzi))t 4 o~ (R2—i(wi—w=mJio+mJ21+7J31))t (294)
_ e~ (Re—i(wi—wtnJig—mJ21+7J31))t _ —(Re—i(wi—w—wJig—7J21+7J31))t
4 e~ (Re—i(wi—wtmJar —wJ31+7J30))t | o= (R2—i(wi—w—mJio+mJ21 —7J32))t
_ o~ (R2—i(wri—wtmJio—mJ21 —7J31))t _ —(Re—i(wi—w—wJio—mJ21 —7J31))t
_ o~ (R2—i(wo—w+mJro+mJ20+mJ30))t _ —(Re—i(wo—w—mJi0+7J20+7J30))t
_ o~ (R2—i(wo—w+mJro—mJ20+7J30))t _ o—(Re—i(wo—w—mJ1o—mJ20+mJ30))t
_ e~ (R2—i(wo—w+mJro+mJ20—7J30))t _ o—(R2—i(wo—w—mJ10+wJ20—7J30))t

_ o~ (R2—i(wo—w+mJio—mJ20—7J30))t _ —(R2—i(wo—w—mwJi0—mJ20—7J30))t
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Transformasi Fourirer dari sinyal FID adalah sebagai berikut:

S (w) = /s (t) e=it g
0

e~ (R2—i(wz—w+mJzo+mJ31+7J32))t e~ (R2—i(wz—w—mJzo+mJ31+mJ32))t
= - + -
—(R2 —i(w3 —w+mJ3g +7J31 +7J32)) —(R2 —i(ws —w—7wJ30+ wJ31 +7J32))
e~ (R2—i(wz—wtmJzo—mJ31+7mJ32))t e~ (R2—i(wz—w—mJzo—mJ31+mJ32))t
+ - + -
—(R2 —i(ws —w+ w30 — wJ31 + wJ32)) — (R2 —i(ws —w —wJ30 — w31 + mJ32))
e~ (R2—i(wz—w—mJ3o—mJ31+7J32))t e~ (R2—i(wz—w—mJzo+mJ31—mJ32))t
+ - + -
— (R2 —Z(w3 —w —7wJ3g — w31 +7FJ32)) —(R2 —”L(wg —w —7wJ30 + 731 —7I'J32))
e~ (R2—i(wz—w+mJzp—mJ31—mJ32))t e~ (R2—i(wz—w—mJ3p—mJ31—mJ32))t
+ - + -
— (R2 —i(wg —w+ w39 — wJ31 — 7rJ32)) — (RQ —1 (wg —w—7J3g — 731 — 71']32))
e~ (R2—i(wa—w+mJoo+mJ21+7J32))t e~ (R2—i(wz—w—mJyot+mJ21+7mJ32))t
+ + -
—(R2 —i(w2 —w+mJoo +7Jo1 + 7J32)) — (R2 —i(wa —w — wJao + wJ21 + wJ32))
e~ (Re—i(wa—w+mJag—mJ21+mJ32))t e~ (R2—i(wa—w—mJao—mJa1+mJ32))t
+ - + -
(Rz —7,((.«}2 —w+ oo — wJ21 +7TJ32)) (RQ —l(wg —w —7wJog — w21 +7TJ32))
e*(Rg7i(w27w+77J20+7rJ2177rJ32))t e*(RQ*i(wgfwfﬂ'Jgg+7rJ21 —7mJ32))t
+ - + -
— (R2 — i (w2 —w+ 7w + wJ21 — 7rJ32)) —(R2 —i(w2 —w—7Joo +7J21 — 7rJ32))

e~ (R2—i(wa—w+mJoo—mJ21 —7J32))t e~ (R2—i(wa—w—mJzg—7J21—7J32))t

+ - + -
(R2 — i (w2 —w + wJog — wJa1 — wJ32)) (R2 —i(wa —w — mJag — wJa1 — wJ32))

e~ (R2—i(wy—wtmJig+mJ21+7J31))t e~ (R2—i(wi—w—mJig+mJ21+7J31))t
+ - + -
—(R2 —i(w1 —w+nJio +7J21 +7J31))  —(R2 —i(w1 —w—7Jio +7J21 + wJ31))
e~ (R2—i(wi —w+mJig—mJ21+7J31))t e~ (R2—i(wy —w—mJig—mJ21+mJ31))t
+ - + -
(R2 —i (w1 —w+7Jig —mJor +7J31))  (R2 —i(w1 —w — wJig — w21 + wJ31))
e~ (R2—i(w1 —w+mJa1 —mJ31+7J30))t e~ (R2—i(w1—w—mJig+mJa1—mJ32))t

+ - + -
—(R2 —i(w1 —w+7mJor —7J31 + 7J30)) — (R2 —i(wi —w —7wJio + wJa1 — wJ32))
e~ (R2—i(wi—wtnJig—7J21 —7J31))t e~ (R2—i(wi—w—mJio—7wJa1—7J31))t

+ - + -
(R2 —z(w1 —w+7wJig — o1 —7rJ31)) (RQ —7,(0.)1 —w—mJig —wJo1 — 7TJ31))
e~ (Re—i(wo—w+mJig+mJ20+7JI30))t e~ (Re—i(wo—w—mJig+7J20+7J30))t

- + -
(R2 —i(wo —w+mJio +mJ20 + 7J30)) (R2 —i(wo —w — wJio + wJ20 + wJ30))

e~ (R2—i(wo—w+mJig—mJ20+7J30))t e~ (R2—i(wo—w—mJig—mJ20+7J30))t

+ - + -
(R2 —1 (wo —w+7wJig — mJoo + 7TJ30)) (R2 —1 (UJO —w —7wJig — wJ2o + 71']30))
e~ (R2—i(wo—w+mJig+mJ20—7J30))t e~ (R2—i(wo—w—mJio+mJ20—mJ30))t

+ - + -
(R2 72(&)0 —w+ wJig + w20 77FJ30)) (R2 77,(LU07L4J77|’J10+7FJ2077TJ30))

e~ (R2—i(wo—w+mJio—mJ20—mJ30))t e~ (R2—i(wo—w—mJig—mJ20—mJ30))t

+

- + -
(R2 —i(wo —w+ wJ19 — wJ20 — 7rJ3())) (R2 —1 (w() —w —wJip — wJ20 — wJ30))
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+

+

+

+

1 1
Jr

(R2 —i(w3s —w+7J30 +7mJ31 + J32)) (R2 —i(w3 —w —mJ30 + wJ31 + wJ32))
1 i 1

(R2 —1 (wg —w+7wJ3zg — w31 + 7I'J32)) (R2 —1 (UJ3 —w —7mJ3g — wJ31 + 7TJ32))
1 n 1

(R2 —i(wz —w —7J30 — wJ31 + wJ32)) (R2 —i(ws —w — w30 + wJ31 — wJ32))
1 " 1

(R2 —i(w3s —w+7mJ3g —wJ31 —wJ32)) (R2 —i(ws —w —wJ30 — wJ31 — wJ32))
1 i 1

(R2 —i(w2 —w+7mJoo +7Jo1 + 7J32)) (R2 —i(w2 —w — wJag + w21 + 7J32))
1 1

(R2 — i (w2 — w+ wJoo — wJ21 + wJ32)) (R2 — i (wg —w — wJag — wJa1 + wJ32))
1 " 1

(RQ — 1 (wz — w4 7wJog + o1 — 7rJ32)) (R2 — 1 (wz —w —7mJog + wJ21 — 7TJ32))
1 B 1

(R2 —i(w2 —w+7mJog —mwJo1 —wJ32))  (R2 —i(w2 —w — wJag — w21 — wJ32))
1 n 1

(R2 —i(w1 —w+nJio +7d21 +7J31))  (R2 —i(w1 —w—7Jio +mJ21 +7J31))
1 1

(R2 —i (w1 —w+7mJig —mJo1 +7J31)) (R2 —i(w1 —w —wJig — w21 + wJ31))
1 " 1

(R2 — i (w1 —w+7Jo1 — w31 +7wJ30)) (R2 —i(w1 —w—7Jio + md21 — wJ32))
1 1

(R2 —z'(wl —w+ 7wJig — w21 —7rJ31)) (RQ —i(wl —w —7mJig — wJ21 —7TJ31))
1 1

(R2 —i(wo —w+mJio +mJ20 + 7J30)) (R2 —i(wo —w — wJio + wJ20 + wJ30))
1 " 1

(R2 —i(wo —w+7mJio — wJoo + 7J30)) (R2 —i(wo —w — wJig — w20 + 7J30))
1 1

(R2 —i(wo —w+7mJio +7Joo — 7J30)) (R2 —i(wo —w — wJio + wJ20 — 7J30))
1 1

- (R2 —i(wo — w+ wJ10 — wJ20 — wJ30)) B (R2 —1 (wo —w—wJip — wJ20 — wJ30))
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R2 4 i (w3 — w4 wJ30 + mJ31 + 7J32)

Ro + i (w3 —w — wJ30 + wJ31 + 7J32)

Ro? + (w3 — w + wJ30 + w31 + wJ32)?
Ry + i (w3 —w + wJ30 — wJ31 + wJ32)

Ro? 4 (w3 — w — w30 + wJ31 + wJ32)°
Ry + i (w3 —w —7wJ30 — mJ31 + mJ32)

Ro? + (w3 — w + wJ30 — w31 + wJ32)>
Ro +i(ws —w — wJ30 — wJ31 + 7J32)

Ro? + (w3 — w — mJ30 — wJ31 + mJ32)>
Ry + i (w3 —w —wJ30 + wJ31 — wJ32)

Ro? + (w3 — w — wJ30 — w31 + 7J32)?
Ro +1 (W3 —w+wJ3g — wJ31 — 7!']32)

Ro? + (w3 — w — wJ30 + w31 — wJ32)>
Ro+1 (OJ3 —w—mJ3g —mJ31 — 7TJ32)

Ro? + (ws — w + wJ30 — mJ31 — mJ32)?
Ry + i (w2 —w+ wJag + w21 + wJ32)

Ro2 + (w3 —w —mJ30 — wJ31 — 7TJ32)2
Ry +i (w2 —w — wJag + w21 + wJ32)

Ro? + (w2 — w + oo + mJa1 + mJ52)?
Ry +i(w2 —w+ 2o — w21 + wJ32)

Ro? + (w2 — w — mJag + w1 + mJ32)>
Ry +i (w2 —w — oo — w21 + wJ32)

Ro? 4 (w2 — w + g — wJo1 + wJ32)?
Ry +i(w2 —w+ wJao + w21 — wJ32)

Ro? 4 (w2 — w — wJag — wJo1 + wJ32)?
Ry +i(w2 —w—wJao + w21 — wJ32)

Ro? + (w2 — w + wJao + mJa1 — mJ32)?
Ry +i(w2 —w+ 2o — w21 — wJ32)

Ro? + (w2 — w — mJag + wJa1 — mJ32)>
R2+i(WQ —w —7wJog — w21 771‘]32)

Ro? + (w2 —w+ mJag — w21 — 7TJ32)2
Ry + i (w1 —w + wJio + wJo1 + wJ31)

Ro? + (w2 — w — mJag — mJa1 — wJ32)?
Ro +i (w1 —w — wJig + 7J21 + 7J31)

Ro? + (w1 —w + mJio + wJa1 + mJ31)>
Ro+i (w1 —w+ wJio — w21 + 7J31)

Ro? + (w1 —w — wJig + w1 + mJ31)>
Ro+i (w1 —w—wJig — wJ21 + 7J31)

Ry? + (w1 —w + 10 — ma1 + mJ31)?
Rz +i (w1 —w+7mJ21 — wJ31 + wJ30)

Ro? 4 (w1 —w — w10 — wJo1 + wJ31)?
Ry +i(wy —w—mJio + mJ21 — wJ32)

Ro? + (w1 — w + wJo1 — wJ31 + mJ30)?
Ry +i(w1 —w+7wJio — wd21 — wJ31)

Ro? 4 (w1 —w — w10 + mJo1 — wJ32)?

Rz—i—i(wl —w —7wJig — w21 —7TJ31)

Ro? + (w1 — w + wJ10 — mJa1 — mJ31)?
R2 + i (wo —w + wJ10 + 7J20 + mJ30)

Ro? + (w1 —w — mJ1g — a1 — mJ31)>
Ry +i(wo —w — wJio + w20 + wJ30)

Ry? + (wo — w + 10 + 20 + mJ30)?
Ra +1i(wo —w + w10 — wJ20 + 7J30)

Ro? + (wo — w — wJ10 + mJao + wJ30)?
Ry +1i(wo —w — wJig — wJ20 + wJ30)

Ro? + (wo — w + mJ10 — mJag + mJ30)>
Ro + i (wo —w + wJio + wJ20 — 7J30)

Ro + (wo —w —7mJig — wJog + 7TJ30)2
Ry +i(wo —w — wJ1o + mwJ20 — wJ30)

Ry? + (wo — w + mJ10 + w20 — mJ30)2
Ro +1 (wo —w+ wJig — wJ2g — wJ30)

Ra + (wo — w — w10 + wJeo — wJ30)°
Ry + i (wo —w — wJ10 — wJ20 — wJ30)

- R22 + (wo — w + wJ19 — wJ20 — 7TJg,0)2 B R22 + (wo — w — wJ10 — wJ20 — 7rJ30)2
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maka dengan demikian diperoleh :

A(w) =

+

Ry Ry

Ro? + (w3 — w + mJ30 + w31 + 7J32)2 * Ro? 4 (w3 — w — wJ30 + wJ31 + 7J32)2
Ro Ro

Ry?2 — (w3 — w + mJ3g — wJ31 + wJ32)? * Rp? + (w3 — w — mJ30 — wJ31 + mJ32)?
Ro Ro

Rg? 4 (w3 —w — wJ30 — wJ31 + mJ32)2 * Rg? 4 (w3 — w — wJ30 + mJ31 — mJ32)2
Ry Ro

Ro? 4 (w3 — w + wJ30 — mJ31 — mJ32)2 M Ro? 4 (w3 —w — wJ30 — mJ31 — wJ32)2
Ro Ro

Ro? + (w2 — w + mJ20 + wJ21 + 7J32)2 * Ro? + (wg — w — wJa0 + wJa1 + 7J32)?
Ro Ry

Ro? + (wo — w + wJag — w21 + J32)2  Ro? + (w2 — w — wJag — w21 + mJ32)2
Ry Ro

Ry? 4 (w2 — w 4 wJag + mJ21 — wJ32)?2 * Ro? 4 (w2 — w — wJag + wJ21 — wJ32)?
Ro Ry

Ro? + (wg — w + mJ20 — w21 — wJ32)%  Ro? + (wg — w — mJz0 — w21 — wJ32)2
Ro Ra

Rp? + (w1 — w + mJio + wJ21 + 7J31)2 * R? + (w1 — w — mJ10 + wJ21 + 7J31)32
Ro Ro

Ro? + (w1 —w+mJig — wJa1 + 7J31)2  Rp? + (w1 —w — mJio — w21 + 7J31)?
Ry Ro

Rp? + (w1 — w + mJo1 — wJ31 + wJ30)?2 * R22 + (w1 — w — mJio + wJ21 — wJ32)?
Ro Ro

Ro? 4 (w1 — w+ w10 — mJ21 — 7J31)%  Ra? + (w1 —w — w10 — wJa1 — wJ31)2
Ro Ro

Ro? + (wo — w + wJ10 + wJa0 + 7J30)2  R2? + (wo — w — mJ10 + w20 + mJ30)2
Ro Ro

Ro2 + (wo — w + wJ1g — mJ20 + wJ30)2 Rz + (wo — w — mJ1g — mJ20 + wJ30)2
Ro Ro

Ry? + (wo — w + mJ10 + 7J20 — ®J30)2  Ra + (wo — w — wJ10 + wJ20 — wJ30)?
Ro Ry

Ro2 + (wo — w + 7J10 — 2o — 7rJ30)2 Ro? + (wg — w — wJy1g — wJ20 — 71']30)2
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dan diperoleh juga:

D (w) =

+

i(wg —w+ wJ30 + mJ31 + wJI32)

i(w3 —w — mJ30 + 7J31 + 7J32)

Ro? 4 (w3 — w 4+ wJ3g + mJ31 + wJ32)2
i (w3 —w+ wJ39 — w31 + wJ32)

R? + (w3 — w — mJ30 + 7J31 + 7J32)?2
i(wg —w — wJ3g — wJ31 + wJI32)

Ro? + (w3 — w + mJ30 — mJ31 + wJ32)?
i(ws —w —mJ30 — wJ31 + wJ32)

R2? 4 (w3 — w
i(wg —w —mJ30 + wJ31 — wJ32)

— wJ30 — mJ31 + wJ32)2

Ro? + (w3 —w — wJ30 — wJ31 + mJ32)2

i(wg —w+wJ30 — 731 — wJ32)

Ro? + (w3 — w — mJ30 + mJ31 — wJ32)2

i (ws —w — wJ3g — wJ31 — wJ32)

Ro? + (w3 — w + mJ39 — wJ31 — wJ32)?

i(wg —w+ w20 + w21 + wJ32)

Rp? + (w3 —w — wJ30 — mJ31 — 7J32)2

i(wa —w — mJa0 + 7J21 + 7J32)

Rp? + (wg — w + mJ20 4 wJ21 + 7 J32)?2
i (we —w + wJyg — wJ21 + wJ32)

Rp? + (w2 — w — wJ20 + w21 + mJ32)?
i(we —w—wJa — wJ21 + wJ32)

Rp? + (w2 — w + mJao — w21 + mJ32)?
i(w2 —w+ wJa0 + wJ21 — wJ32)

Rp? + (w2 — w — wJag — a1 + wJ32)?
i(wp —w —mJag + w21 — wJ32)

Ro? + (w2 — w + mJoo + mJ21 — wJ32)?
i(w2 —w+wJa0 — wJ21 — wJ32)

Rp2 + (w2 — w — mJag + w21 — mJ32)?

i(wg —w —mJy — mJa1 — wJ32)

Ro? 4 (w2 — w + wJag — wJ21 — wJ32)?

i(w1 —w+wJio + w21 + wJ31)

Rp? + (wg — w — mJp — wJ21 — wJ32)2

i(w1 —w—mJig + 7J21 + 7J31)

Ro? + (w1 — w + mJ10 4+ 7J21 + 7J31)?2
i(wy) —w+ wJ1g — wJ21 + wJ31)

Rp? + (w1 — w — wJig + w21 + 7 J31)?
i(w1 —w—7wJig — wJa1 + 7J31)

Rp2? + (w1 — w + mJig — w21 + 7J31)?
i(wyp —w+ mwJa1 — w31 + wJ30)

R22 + (w1 — w — mJio — wJ21 + wJ31)?
i(w1 —w—mJig + 21 — mJ32)

Rp? + (w1 — w + mJo1 — wJ31 + wJ30)?
i(w1 —w+mJig — wJa1 — wJ31)

Rp2 + (w1 — w — mJ1g + w21 — 7J32)?

i(w) —w —7wJig — wJ21 — wJ31)

Ro? 4 (w1 — w + wJ1g — wJ21 — wJ31)?

i(wo —w+ wJ10 + wJ20 + 7J30)

R22 + (w1 — w — wJ1g — wJa1 — 7J31)2

i(wp —w — wJig + wJ20 + 7JI30)

Rp? + (wo — w + mJ10 + mJ20 + 7J30)32
i(wog —w + wJ19 — wJ20 + 7©J30)

Ra? + (wo — w — wJ10 + mJ20 + 7J30)?
i(wo —w — wJ10 — wJ20 + 7J30)

Ro2 + (wo — w + mJ1g — mJ20 + wJ30)?
i(wp — w + 7wJ10 + ©J20 — 7J30)

Ry + (wo — w — wJ10 — mJ20 + ®J30)2
i(wop —w — wJio + wJ20 — 7J30)

R22 4 (wo — w + wJ10 + mJ20 — wJ30)?
i(wo —w+ mJig — wJ2g — wJ30)

Ry + (wo — w — wJ1g + wJ20 — wJ30)2

i(wo —w—mJig — mJa0 — mJ30)

Rp? + (wo — w + mJ1g — wJ20 — wJ30)?
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R22 + (wg — w — wJ1g — wJag — wJ30)2
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