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Abstract

In this paper, we use quantum field theory to calculate current-current correlator
in Graphene to first order in electron-electron interaction. The result can be used

to calculate the correction to the conductivity of Graphene.
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Chapter 1

Introduction
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Chapter 2

Vacuum polarization
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Chapter 3

First order correction of
perturbation to current-current

correlator
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(a) Egg diagram (b) Self energy

Figure 3.1

H £ B Egg diagram * {¢Feynman diagramsi] AR 5 1915 2 T A # B &

/(;37133 Tr{%a%%b%%cw%d%},

( e
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+ Fr(k, @) (kikkmn) + Fs (K, @) (010;Gmbkn)
+ Fo(k, ) (kiki man)-

(3.15)
EHFRACEFor R R R E - T IE LR B AT LA AT5R 2 0 A 2SR 15 R Al i AR
L Appendix A) °
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\
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+ G
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—
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+ H(
(
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Bi1%(3.9)~(3.11)F(3.15)~(3.17) & Al LA T 5 [HERI T, JIR ER RS © egg
diagramfrelativistic,semi-relativistic LA & non-relativisticib 4343 Bl A
Relativistic part:
T.o(k, ),
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— 814k, @) + 4¢° I (k, §) — 4k*1, (K, §).

15



Semi-relativistic part:

8i{Tor (', @) Y4
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Non-relativistic part:

(8150mn + Gimjn + Gin0jm){Tor (K, @) ijmn
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+32(¢% — 2k - P Lu(k, @) — 32(k* — 2k - @)1, (k, ),

(8ikembn + kikijOmn + Gimbikn + KikimGin + Ginkikm + kikn® i) { Tor (K, @) Yijmn
— 19275 (K, §) — 192(k2 — & - Q) L5 (K, )

+ 1920 (K, @) — 192010 (K, )

+ 32[k* = 3k*(k - @) + (k- 92 Is(k, )

+ 32(5k% 4+ ¢% — 9k - Q) i (K, @) — 64(3k? — 2k - Q) Iy, @)

+ 32[k%¢% — 5k (k - ) + 3(k - D) Ik, @) — 32K2(K> — 2k - @)L, (k, @),

(045@mn + €ii0mn + 0im@iGn + Gi@mOjn + dinQidm + q@"ln@‘m){an(E’ Q) }ijmn
= 19215, (k. §) — 192(¢% — & - @) I, (K, @)

1921,y (K, @) + 192010 (K, @)

+32[q" = 3¢*(k - @) + (k- )| I5(k. )

+32[5¢% + k2 — 9(k - Q)| Lyq(k, Q) — 64[k2¢> — 52(k - @) + 3(k - ¢)*|Lng (K, 7)

— 32¢%(¢% — 2k - DI, (k, @) + 321 (k. @),

[(kmGn + Gnkm)dij + (kig; + ¢ik;)Omn + (kjgn + Gikn)0im

+ (ki + Qi) 0 ~+ (ki ~+ G5km)0in + (Kign + Gikn)85m){Tr (B @) }ijomm

= 38415, (K, q) — 192(¢* — k - @) Ls(k, @) + 192(k* — k - {)Is, (K, )

+ 384T 4q (K, §) — 3841404 (K, 7)

— 323k — 2k2(k - ) — 247 (k - @) + 3(k - )2 I5(F, @)

— 64(3¢> — 2k - )L (k, @) — 64(3k* — 2k - DIy (K, @) + 192(k* 4+ ¢ — 3k - Q) L1y (K, @)
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= 32[k%¢” — 5¢°(k - @) + 4(k - )| Ik (k, @)
+ 320k — 5k2(k - @) + 4(k - )21, (K, @),

(Kikei k) {Trur (k' @) }igmn

= 32U (k, @) + 64(k* — ki - @) T (, @)
+32[k* — 3K2(k - @) + (k - D)L (K, @)
_32K2(K - DK — K- PL(R. ),

(1) Gm @) { Tur (B, D Y imn

= 32L500q(k, @) — 64(¢° — k- D) 4qq(, @)
+32[g" = 3¢*(k - @) + (k- @) (k. ])
+ 320 (k- ) — k- @)1, (k, @),

(kikskmn + ksk;qmbkn + Ktk + @ikikmbn AT e (6 Q) Yijmn

— 1281y (K, @)

—64(¢? — k - L (k, ) + 192(K* = k - @) Lag (K, Q)
(k, @) + 64[k* — 3K>(k - @) + (K - @)1 g (, @)
(k, @) — 32K (k- @) (k> — k- ) Ik(E, ),

— 328K — 2k°(k - §) — 2¢°(k - @) + 3(E - )*) T
— 32k — 282 (k - §) + 2K (k- )% — (K - 9)°] I,

(460 Gmbn + Giikmn + Gk Gmtn + kiGiGmn){Tor (5, @) Yijmn

— 1281144q(K, 7)

+64(k® — k- )L ygq (K, @) — 192(> — K - @) Lrgq (K, §)

— 32[3k%¢" — 2k*(k - §) — 2¢°(k - @) + 3(k - §)° g (K, @)

+64[q" = 3% (k- @) + (k- )" g (k, @) + 32[q*k* — 2k°¢* (k- @) + 2°(k - ) — (k- )°|1, (k. )

+ 32(]2(]; ’ @(q2 - IZ (j)]k(]g?@a
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(kikjGmn + @ikmbn + kidikmdn + @ikjGmkn + kidjgmkn + aikikndn) { T (k. @) Yijmn
— 192 4400 (K, @)

—192(¢* — k- D Leng(F, @) + 192(k% — k - Q) Ingg (K, @)

+32[q" — 3¢°(k - @) + (k - @2]Ikk(5 q) + 32[k* = 3K (k- ) + (k- ) 1o (F, @)

— 64[3K°¢” — 2k (k - §) — 2¢°(K - §) + 3(k - )" Ixg (K, )
+320k°¢" - 2% (K - @) — 2¢°(k - @) — (k- )Tk (F, @)
— B2[k* — 2k (k- @) + 2K* (K - @) — (k- )L, (k. @)

(3.25)

TMself energy diagramfYrelativistic,semi-relativisticA &non-relativistic73 5! £

Relativistic part:

Vie (K, @)
. 1 o ¥ A . (3.26)
=4Jss(k, §) — 4dse(k, §) — 4J5q(k:, @ — 4k - ¢Js(k,q) + 8qu(k, q).
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Semi-relativistic part:

8i {Vir (ks @) Y45
= 32J55(k, @) — 32J5(k, @) — 32J5,(k, Q) + 32Jq (K, D),

kikj{‘/:sr(lga CD}U

= 325 (K, Q) — 16(k> + k - @) Js (K, @)
— 16Tk (K, @) — 16T (K, D)

+ 16k - (R, @) + 16k (R, ),

G0 {Ver (K, @) }is

= 32J500(R, @) = 16(¢® + & - ) T3, (%, @)
— 16J,0(R @) — 16J3gq (K, @)

+ 16k - §Jgq(K, @) + 1602 Jkq(k, ),

(3.27)

(Kigj + qik){Ver (5, ) Y35

= 64J51q(k, Q)

—16(¢* — k- @) Js (K, @) — 16(k> + & - §) Jsq(F, @)
— 32J4g (K, @) — 3200 (K, @)

— 16¢2 i (k, @) + 16Kk2 T (K, @) + 32k - @g(k, Q).
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Non-relativistic part:

(5ij5mn + 6im5jn + 6in5jm){vnr(];7 @}ijmn
= 96.J55(k, @) — 96.J51(k, §) — 96.J54(k, @)
+ 32k - @s(k, @) + 64.J4q (K, @),

(S5kmkn + ik S -+ Gomkishn + ik -+ Gk + ik ) Vi (8 @) Vi
= 192050(k, ) — 96(k2 + & - @) Jsi (R, )

— 961k (K, @) — 96 Jiig (K, Q)

+ 32k* (k- Q) Js(k, @)

+ 96k - G (K, @) + 64K2 T (K, @),

(8ijGmtn + Gidi0mn + OimTiGn + GiGmOin + OindiGm + 6i@nOim){Var (K, @) Yijmn
= 192J5qq(E, q) — 96(q* + k- cf)Jaq(E, q7)

— 96J44q(k, §) — 96J4gq(K, 7)

+32¢%(k - ) J5 (k. )

+96(% - §)Toq(R, @) + 6402 Tug (. @):

[(Km@n + @nkm)di; + (kigj + qik;)Omn + (kjqn + qikn)dim

+ (KiGm + Gk )0 ~+ (KiGm ~+ G5km)8in + (kign + Gikn)85m]{Viar (By @) }ijomm
— 384Jskg (K, @) — 96(q* + k - @) sk, @) — 96(k? — k - @) Jsq(k, )

— 192Jikg (K, @) — 192J44q (K, 7)

—32[3k°¢” + (k- §)°)J5(k, @)

+ 6462 T (k, @) + 64K2 T (K, @) + 192k - @lg (K, 7).
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(kzk]kmkn){vnr(l;a (j)}ijmn
= 320 (K, ) — 32(k> + & - @) Juwne (K, @)
+ 32k2(k - @) i (k) ),

(4:03Gm@n){Viar (, @) Yijmn
= 32Jqqqq(lga @) - 32(92 + ]g q_)(]qqq(lgv (j)

+ 32q2(lg ’ (T)JQQ(E7(D>

(kik;km@n + Fiki Qb + kiGikmbn + ikikmkn ) {Vir (. @) Yijmn
— 128Jkig (K, @)
— =32(P + k- Q) Jern (K, @) — 96(K2 + K - @) Jung (K, @)
— 32[K2¢* + (k - 2 (k, @) + 64k (K - @) Jiq(K, D)
82[k'q” — 2k°¢* (k - @) + 2> (k- @) = (K - @)°)Julk, @) — 32K>(K - @) (k* — & - @) Jyk(k, ),

(460 Gmkn + G0Kmn + Gk Gndn + ki@30m0) {Vir (5, O }igmn
— 128J140q (K. @)

— 32(k% + k - @) Jogq(k, @) — 96(¢* + K - ) Jngq(K, )
+32[K°¢° + (k- 0)°) Jaq (K, @) + 64° (K - @) g (K, ),

(kikjGmtn + Giikmbn + kiQikmn + Gk Gmbkn + ki@i@mbn + Gkikm@n){Vor (ks @) }ijmn
— 192J4kgq (K, @)

—96(q% + k - Q) Jrnq (K, @) — 96(K> + K - @) Jugq (K, @)

+ 32¢%(k - Q) T (K, @) + 3262 (k - @) Joq (K, Q)

64 + (F - @) (R, ).

(3.28)
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Chapter 4

Conclusion

EAR R XHRMA AT 2155 %%fﬁ@@raphene*‘ Acurrent-current
correlator © FAMFE T A B ARPEAUUER: » B BE/EA TR BER °
BFENJ,T,) = %(quqy — 0, EEAER » HFCHE-HE - EitE—FE
B> BEFHMNLO/EAMIGEE R > & K I E £ Egg BRSelf energy W
fFeynman diagram » &% AT Al BUF I (3.7) LUR (3.16) B A5 E1 RO &8 R o0 b 3¢
T BEEE D& » 7] LIS 2] —BE R 1R Bcoorelator » 1 Fe M AT LLA A
i {EcorrelatorZ: &1 & H Graphenefconductivity © A 7T LLHpp correlatorgt &
i GrapheneFE &) —FEEIE » It H F H particle conservation condition » Hf

e (4.1

o(w) = (1]1_1% .

B R Byo = Cyopayy * HH a, FsgrapheneF Hcoupling constant HEC,HIZY
EHR0.01[4)  H—HH » A A HKubo formulafiJJ correlator 55T M & & :

((Ji(2)Ji(0)) = (i(0)Ji(0))). (4.2)

o(w) =

MARIFIEER o = (2C) — Cy)opay, » HHFHEEC, KI5FN0.514] » MMEEHE 7%
2R EIAN—RIE R » FEREFE A EGrapheneH EFHIEMEEAE »
AR 4% T 1% A disorder » T H.Coulomb interaction X ;& FREIEM 71 o LA EiE=
1 PR 25 %5 & 8 2R & I IR HE A5 A R B PR T AR AT 1R - S EFE NPT LUE A B
EmCorbino disk|[4] 3B 6 & & EHE

23



Reference

[1] Lewis H. Ryder. Quantum Field Theory 2nd. Cambridge University Press,
(1996)

2] A. H. Castro Neto, F. Guinea, N. M. R. Peres, K. S. Novoselov, and A. K.
Geim. The electronic properties of Graphene. Reviews of Modern Physics.81,
109 (2009)

(3] 1. V. Fialkovsky, and D. V. Vassilevich. Quantum Field Theory in Graphene.
arXiw:1111.3017 (2011)

[4] B. Rosenstein, H. C. Kao, and M. Lewkowicz. Long-range electron-electron
interactions in graphene make its electrodynamics nonlocal. Physical Review

B.90, 045137 (2014)

[5] E. G. Mishchenko. Minimal conductivity in Graphene: interaction corrections

and ultraviolet anomaly. arXiv:0709.4245v3 (2009)

(6] I. Sodemann and M. M. Fogler. Interaction corrections to the polarization

function of graphene. Physical Review B.86, 115408 (2012)

[7] Michael Schiitt. Coulomb Interaction and Transport in Graphene Struc-
tures. Department of physics of the Karlsruhe Institute of Technology ,Karl-
sruhe,Germany (2013)

24



Appendix A

Tensor analysis for egg diagram

EHE= ETE@Jegg dlagramﬂ']propagatorﬁﬁ}:riE/ﬁi/\—fU\/Eﬁgﬁ T ARETH
ARk i ST BOATE - B

d3p k-p
( (D_kl (D / 3p2p2p2p2

d3 p2 P2 k2
I / p3 : 2 p2 p2 p2 (A1)
(2m)3 2P2P2P2P?

LR 1 1 K
L' / (27r)3{2P3P3Pg 2P PgP? 2P3P,3P3P3}'
AR FT DA B BUE B AT - B

/d3 (1 1 k2 }
(2r)3 \2P2P2P? ~ 2P2P?P?  2P?P2P?P?

7T3 7T3
 2heq|k — g - 2kq|k + ] (A.2)
3 3
— () g ).
eg(k- Pk —ql  2kq(k- PIF +d
P IR T AR B L, (R, )
( @) = ali(k @ / 27r3P21§21£2P2 (A.3)
A T, (R, §) )
Ik, @) = — (@, F)
3 3 ) 3 3
- ()],
2kqlk —q]  2kqlk + { 2kq(k - @)k — 4] 2k:q(k-cj)|k+(qTA4)
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BT I, 17T LUFI R (3.15) RO (F

EIRBA, AyRZ D B

)
Ik - Alkz —|— AQ(E
| L, = A (k

o quk—(E
| =

DIy _

Q) = Ay(k, ki + Ag(k, §)q, P M EE BRI AT 40

.@7

-q) +A2Q2

I

—3

(A.5)

k2q? — (k

- )2
k- (k

.q‘)]k _

2kq(k -

7T3

| k2q2—(l§~q_)2

2kq(k-q) k—q

H g5k &R REC B FIRA] F FEBRAV T EAGHE

Is(k,

]kka qq7quAH—leE_‘*i

]kk(/ga

CT) = (51'3']1']'(%,

i
)i

(j) == k}lkfj

q)
d3p pQ
27T)3 PaQPI?PCQPd2
d3p 1

271‘)3 PI?PCQPC%
3

(A.6)

™

[k + g1

L (k. )
d3p

(k- 9

-/

Q) = ¢iq;

Iy (k

d3p

21)3 P2P2P2PY’
1;(k. q)

(7 p)? (A.7)

-/

Ik!I< @ = kz%

2m)3 P2PZP2P?’

L(k
Sp (k

. q)
-P)(q-P)

-
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B T A  BFLUAT U (R - P P2 ~ P2ROALE » AT .
(Pb_Pa)'Pa:(Pc_Pd)'PaFﬁl/j\

(-5 (=3P~ PP + P2 = B(-3){(Pa— PP = (P~ P = P2+ B}
(W + P2 = PRk = q)* —* = P2 + P

1 - -
=Pk = 2K - @) + (K = 2K - @)(P! = PY) + K*(= P2 + P)

— P?P?+ P?P; + P}P? — PP

(A.8)
#5 BN (A7) E —EFE 5 20T LAR2
; _1/‘ﬁp{ﬁw%—ﬂ1® K2—2k-q K -2k-q¢ K N 2
4 ) (2r)' P2pip2P2 P2P2P? P2P2p?  P2p2p? | p2p2p2
I 1}
P2p2 " p2p2 ' p2p? | p2p2
1 . 3 1 1 . 3 1
= (R, =2 ) [ — + ]+ (2 =2k ) [ — =
4 kq(k-q) |k+4q |k—d klk+q  |k—q
3 1 1 1 ] 1
Pt =——] + [ Eire 4 1
¢ lk+q |k—{q k+q ¢ ¢ |k—g
1 s 1 1
=1 (kY —=—[= — =
kq(k-q) |k —q1 |k+dq]
. 31 1
+2(k - §— K)o [ — ]
ka'|k—q |k+q
1 1 9
+ e — ———+ ]},
k+q |k—q 4
(A.9)
T 1, BRI R, » Lk (k, @) Pk, B AT LUE R,
. &Pp (7 p)? -
I.,(7 k) = S . Al
kq<q7 k) / (27T)3 Pa?PbQPCQPC? QQ(k’Cj) ( 0)
i 1 3 1 1
T
Ioq 1 (q* — (= -7 ]
kq(k-q) |k—q1  |k+4]
- 3 1 1
+2(k-7—¢*)—|= - — (A.11)
ka'|k—q |k+q
1 1 9
- = - = +ﬁ}
k+q]  |k—d
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[FRIREHAE (A7) 8 =R A8k - §)(7- p) BT AEILALP? ~ PHNARA » Hf

%J'ﬁ:(Pa_Pd)'Pa:(Pb_Pc)'Pa’Fﬁl/j\
- . 1 1
(k-p)(q D) =(—5)[(Pa — B)*+ P — Pf](Q)[(Pa — Py)*+ P2 + P,
1
=(—-)[K* + P? — Pl]l¢* + P? — PJ],
1 (A12)
(= + (P2 = FY) + (P2 = P
+ PY— P?P? — P?P? + P?P2).
REN(A.7)H S =HE 5 =X
[ __1/ dgp{ ]{?2(]2 N q2 B q2 N ]{32 B k}2
ka 4 (27r)3 PjP,?Pc?Pj PngPj PC?PC?Pd2 PbQPng PjPIfPf
P2 1 1 1
+P2P2P2 _p2p2 Tl p2p2+p2p2}’
btectd C ol b==c atc
1 3 it 1
— Z{k2q2 _ [_‘ =l T ]
kq(k-q) |k —ql |k+dq]
Qﬁ[l 1
ka'|k+q @ k=g
Qﬁ 1 1]
ka'|k+q  |k—q
o%.-¢ | 1 1 1 T 1
73[_—»—q+_+——_,——————|—_, ]}’
kelk+q k 1a Jk+q. ko a |k—4q
1 3 1 1
= — H{®P)—=—]=—— — =]
kq(k-q) |k —q |k+q
m |k — g B (k2+q2)]
kg |k + q =
1 1
+ 7= - =1}
k+q k-
(A.13)

BBIRIRA,, AL E—8E » BB (k) = Cu(k, Q)6,+Co(k, @kik;+Cs(k, ) qiq;+
Cu(k, @) (kig; + qike;) » T UART LUR R 5 Bl 7 B BRI T, T, Loy T SRABL L 21—
SIS REC > HI

;

I = 3C, + k2Cy + ¢°Cy + 2k - GC4,

Liw = K2Cy + K*Cy + (K - §)2C5 + 2k2(k - §)Ch, (A14)

lgg = ¢°Cy + (E 7)’Cy+¢'Cs + 292(];' 7)Cu,

| Ty = k- G0 + 263K - Ca + ¢°Cs + K¢ + (k- 9?1
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DA b2 —PFE DL R — PSR EAEE oy » 0 = B AN DU RE BT I A 75 V%t IR ]
L;k(l;, q_) Eézjkm]z]maga (T)
_ / Ay (k-7)
NGRS
EEAS B Ep B R —p — k+ ¢ HI

;

By — —p+q=—Fy

Pc_>_p:_Pa7

Pd—>—p—k:—
M (A.15) g Al

d3p k-(—=p—k+q)

_/ p{ k i k-k }
(2m)3" P2PZP? __P2P2P? P2P2P2
dbp FPLIRZLIEA ™ 1
-/ <27r>3{ pEpepy VM) paprph
1 k ko q— k2
| — :
2q 2|k:—i—(ﬂ 2q|k +q1  kqlk +q]
—1 1 2k - — k2
=r{—= + e 2
29 2k+q 2kqlk+q|

=m* {5
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(A.16)

(A.17)



— & N q L g _ 7 o d3p iﬁ
*ﬁﬁfﬂﬁ#kﬂﬁq%{iﬁiﬁrﬂ ’ LSq(k;q) = 5iqujijm<kacf) -

(rP PR
—I51(q, k) o IKRRRIERII T E AT DA R Liir, Lygqs Tibgs Trgq T 90 B s
( 1 —ko73 1 1
Tierr = = _ S ]
qk-q) [k+q |k—dql
g e 1 1
kq k+4q  |k—q
_’ —1 -1 2
4300 = F el + —— 1 7],
k+q  [k—q 4
[qqq - _Ikkk(i, /;)
1, —q¢°m I |
8 q(k-q) Ik+q |k —d
_|_[3(]4—6(k7'6j)q2+4(k-(7)2]ﬂ'3 1 - 1 ]
kq k+q |k—q
. —1 2
+3(¢* — k- | =

_,_ 4 £ +
k+q _|k—dl 4

[kk — 1 _kgqﬂ'?’ ]_ - 1 J 4(k2 — ]g' q—jE. q—;ﬂ_g A 18
T8 (kg kB~ kqlk + ] (A.18)
[/{34_2(k2q2) —2q2(kq_)]7r3 1 1
! L]
k3 k+q k-4
- _1 1
+2(k* — k- Q[ = + ==
|k +q lk;ﬂ -
@ = K- Prl—— + =——+ "]},
k+q  |k—q 4
Iqq = —]kkq(q_',lg),
C1,—k¢r 1 ]_4(612_]2'@5.(‘7%3
8" (k-q) |E+q1 Ik — q kqlk +
" — 2(k%¢%) — 2¢*(k - |=® 1 1
+ [ _ ]
kq k+q  |k—q
7 -1
+2(¢* — k- 7= + — ]
k+q  [k—d
L - —1 2
+(k* = k-’ + = + -]}
( k+q  |k—q F
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/ﬁ'é(?) 15)4(17%[] % IE] ]th,:':'glééa Iékk; ]5qqa Iﬁqu Ik:lckka Iqqqq7 quqqa ]kkq(p Ikkkq ’ _é‘fjﬁ
B lss > ARBEBITE AIITIENE Lo 78 25550530 i jmm (K, @) * HII

165 Eéijamnlijmn<ga CD

B P2
B / (27)? P2P2P?’ (A.19)
k-7 1 1 1
] P R A ].

kqlk+q  k  a  |k+q]

%‘g_‘ E I&kk( 7®
LSk:k(ka CD = 5ijkmkn[ijmn(ka Cj)v

:/wmﬁ@ﬁ‘
L5 (- )2 = (i)[(k—q)Q—qQ—PijPj] NIy T
1
Isp L(52 — 28 - @)
Wg[—2q2+3k-q+3q —312-@1 '
& + I

T Lsgq (K, Q)R E A L (€, ) © VTR Ly, FORE & FIEIRI (K - 5)(7- ) T LASBE K
k-§=(P.— P)P., = (Bo=—P)P,
(- 5@ 5 =(—5) [P — B’ — (Pa— P~ P2+ P3)
x [(Pa = B)? = (Pa = P.)* = B} + FY]
(IO — 2K ) — P2+ PR(2F -G~ ) — P} + P2
= {02 = 2K DK -7~ @) + (F — 2K - (~F + P?)

+(2k-q—¢*)(—=P*+ P}) —2¢- (p+ k) — ¢*)(—P* + P})}.
(A.22)
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e R R0 A\ LR R

7 :/ d*p (k- p)(q- D)
%1 | (2r)3 P2P2P?

1) n)p PZP2P? U pepp2
. —P2—|—P2) (_p2+p2)
2% - 7 — 2 ( c d/) 2 - k c d
1 - - 3 - 3 w3
(0 - 2R F T ]+ (B 2R T - ]
1 kq|k + 4 k |k + q
OF G- P+ ") (¢~ 2 P+ T
+ 4= q)|——= +—+ @@ —2k-q)|——= + —
k+4q 4 k+q 4
n (—2q)[—<q+k — 2k)m® N (q — 2k)7r3]}
2|k + gl q
1 s
=—{(k? - 2k - ) (2k - § —G°)[———=]
4 kqlk + q]
[(k;2+q2—312-q_)7r = —2k;-c])7r3]
|k + 4] k
B (42 — 2k - Q)m3
q
(A.23)
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