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H.DE/d3x.-d3xnthi,-..xiit)dxi)...aYxDlDH=ffDi+UaiD+fuii)=fdxdx)f
点5 + U吵呐tzfdxdyVG-DdinaiiHHD-fdxa-DKPI-UIDalifdx.cl?xn计价 ,

⼀不
,

七) cn.cn)⼼
① ⼀ -_-

= fxá们 (⼀ 器5+ ㄩ的 lxi.cl?xntGi-xi,t)Ea(xi)a(DtS(xT)Jcn..,dxi)lD=tdT)aH)cn.-.d
佑) + S休刊雌) … , 峪)

= 45 哬啊𠴕 li-tjscx-adlxi.ci

- ⼆点aisaia-alx.ie#xi)...aYxi=fd3xaTfP4UliDfd3x,--.d3xntGi-xi,t)点 (州我们 cn-cilxiag.cn ⼼

= f 县成 + UGDfxi.cl?xntlii-xi,t)faidi)-aaYi)d1们 ⼼
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(a) Gwtcinw 셆) 中셆 ⼆ 0
.

W⼠继) ==1fu.in

名 (胡 = 中
셆

eticittikx

(b) ⼆ (x .

0) =

fnilDK.tk?=feiedx~e-㘘
,

⽣(

t.DE/eti-te-zeidk~le-eixke-ictk(Hzdk=f-f+itt)k 器
收

= e

-器 (éikdk -1 ǐné器ěikdk
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~
éé㦛

셅

⽕ 5
,

maingtotheright.cc
)
'器 =

1歳 EC.Cw-oequlitgh.us)
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(a) SE-E-Eas-ai-lnitci-hic4.in

(b)

SE-nk.fi/+nkztic4P=Nk.K.+nkzKz=3Kt5KzEMmirT-
(C) SE-nkfmi4-iik2-fnic4-ik.fr.kwithNS.mg

= 1
.

(d) K = 芒t.SE =

n.fi/-nz/mi4-dk!.k=(e+D,Kz=(l-D.SE=fJm2c4+ii-flmi4+ct.N
侧- = Q

,
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(们

'

9回 UM) = 4 (⼼섺
셆

^ = 1 +

SW.li
(们 4们 ㄩ (^) = U ( 1 + 8 w) 4(D U ( 1 -1 8 w)

= (I-iom.MN) 41섺 (五 ⼗ ⾔8w.mn)

= (⼆点swihh-iswn.MN)
= G ⼀点 swn.MY섺 ⼗点 41섺 SWmiMN-zswmMNGDSWp.ME

= 4们 ⼀定 sug.IM", 4叨

4 (Nx) = 4 (⼼⻔ - 4 (4年Swix) = 4 (如⼗ Swix)

= 4 (州 +2g sw.MN

= 4(

D-fwikmucg-ayxgwehavehi.ch
= (妁셆

⼀划 4
,

⇒ S.MN] = t.exiaD.NU
⼈
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k> = 1 11섺
,

i-huk.KM-G.li )

< i l i > = 2 Enǔttsd (T_T) 灿灿 =gii

= 2 id s
'
他 ⼀伙) = 9,我购 (成)

= 2G@
d d@ ⼀灯

,

⼆ 9miN = 炫 ,

= < i l i>
,
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我⼀ ⼆

aiai.N-faiai.nl?=fiaiai.Pi=fd3xte=fxkd3kg-Ge+aièjé2G

= i a + 贰点

了셆𠯻 = 1 ,虚诞)(

aie-aiejTi-fdihe.li的

G = ⾠ 名 +景灰
,ai-z-Pi-IT.cn

P ==慩名器阅神塔底)

P = - fx帉⼦强)
.
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[ R
,
蛚 = 积压的啊 ,

加7]

= fxi 8佖划 了
,中的 -_-

i2iHD.ee
=





(i) ⼈的冲) = ⼟⽻州 - ˇ是 tn

S - 1 ⼈ (中 ,
动) d x 4

= 0

= 2 (中
,
加中) x

4 1 - 1收 . x
4

= - 1篇㘦 +蠢地咧⼊
4

=
- 1 [哥 ⼀ 不最帅 i massdimens.in :

⑦ 哥 的⼈前)
,

(…)

⼈ = ⼟⽻州 - trn

帚世动啊 -_- 好⼼啊

⇒ 不 抑 +呻 - 0
,

(iii) 义 ⼀ 如冲邓 tn.it?
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s-fidx4-fhiiti-ipidx4ssfnzy.mn
外健明 以

4

- K 不吵 外呻外 冲了中) d

= - 1 (→帅 +呻吟섺 中 以
4

.

⇒ 不加中 ⼗ 呻 ⼗ 三
⼊ 书 = o

,
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(i)

GwlMD-aljct.NDIGDP-alPGDFDID-GwlD.cn
(N P = 1dtdxéiikit Gw

(ii) Gwlp-fdtddxe-iitc.ws

⼆ fdt欒 = 睘 S (w_w

Dr
GwMp) = 睘 S (̂ (w_w问 ⼀ 登 f N_n Stwx)

= 法 sfihwxta.hn 幻 = 登 scw-WDlnta.tn器hy

⼆意-8⼼⽹ ,

⇒ Lorentz inwiant
,
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In QFT, fields are operators. So a field remains unchanged if it is unitarily equivalent to itself. In other words, φ(Λ^{-1} x) = U(Λ)^{-1} Φ(x) U(Λ). 
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GRD-ftddieiGYD-fojdteid-G.to,
=_= ⼀点 셆城

Imcilw ,
下) = ǛSGED ==

'

a a,划
去 (喐

⼀⼗.rs Rdw)

W = eió


23490000000207727


23490000000207727
There should be two terms in the commutator. 





(i) ⼈

notchangeunderp-s-P.co
1 中 , 中中了 ⼼ = - 섯 1 中, 名中⼼

셅

⇒ 섯 1 中, 名 书⼼

vanishes.li
) 队) = f 器 进 éléakteai )

= 1器 ie-ta.tl器iea.in
n

P. 中

+1我们
,

我刚 = 11器器越litaey-z.la#d_eik(XiXD=Col加帅咧섺

(扪 中 (们 中侧 = (𧊀 + ⾍问他们⼗批섺

= P (们 中 (加) + 中的⽔加) + 中 (们中 (加) + 中 (们会⼼
⼀

: ⽔们 加2) : = 中 (们 中伽) +是是是们 +加独侧 +蚴农们

⼼中们蚓셆>_<셆 1䖩蜊⼼ = [中们
,中间

셆

⇒ 加帅侧 ⼀ :P们 中以) : + 섯 1𧊀加以

(iv) 中
,
䖵 : = 中

,𧊀 + 中名中, ⼀ :独冲
了
⼀ 中

,独 ⼀ : 中
, 名 : 名

Yunjia Bao
23490000000207727

Yunjia Bao
23490000000207727


23490000000207727




23490000000207727



(i) 不

P~Et.S~fdxE.dimensionless.GwlD-NGwlt.DE
1点 些甇

,
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You should be able to estimate this on pure dimensional ground. 
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(i) In-ffdxie-MTForoddn.Inl-D-fi-dxde-J.nl섺
셆

⼀



[ dxxnet-fdxxne-iffdxxne-MI-fdc-DEDTMTfdx.ie
t o

= -

fdxieitfdxxe-io.Ern-zm.zmI-ffdx2mei-idx-xei.si
I
셆
= Üdx měcifdx 如ē

Izmfidxié" = 5 名" I
.

I
셆
= Idxei = 泰 = 后

nizni.in?Izm=aiE)()..t-)EM2=C2miEMtm
㠭 寻器 -n . 意䢉 - ini

㙓 = 3闺? comection-4p.int

funcionfactoniiintosumofproductsofzpointfunctions.CI
中 名中中⼼ = G(们 G(们

tGGDGlxz41-GGDGGD.CDICM.DE/dx,...dxneTMiTXiXi=fdx,...d.net如以 ⼗⼋

,



-

txTMxtixt-zymtzijx-nmakethisii.in
⼀ ⼥奸 2

MDMx.x-sxtrnnx.t-fn-EXMDMlx.my
-_-timx-lr-DNx-rixtrlr-DIM-yse.tt

= 1
, -_-#

Mxtzinix.IM/D=fdx,...dxnetiMxtxTx.tiNix
timxthix-efd-dxn.ee

xixtNx

linixfd-n.EE

i.dxieiimi-e-MICMD.com
puteICM.co) = fxndxwē

"
óh 0 = D

.

= G,
… dxné
-0吣
?

iòirs = fdxidxiei-Di-fdxi.dxie.tn_mni

⼆셅簐

(扪 a> = 扒_

fdxi.dxnein-l.in也可 ⼯ (M ,叫 , =.=I.jfdxn.dxnxixje-MUXKTXKXKL-I_ldxi.ch/nxixjeith"

= <xixp ,



Aswedreadyshowed.ICMD-e-M-ICMD.la/ixp=2i2jeihik셆 = ? notquiteiindudee.ptm .

孨 (fkhay-fmjexetfxkM-zfmj.ae ,

录 ( ) = 2Mj ,

⇒

axp-mjeiho-mj.co
rrection :

可 etiM-ifmjexeeiitfaije.in
⼆

GMjixeehn.zsyeiY-mjeitfngix.fm
ix.ehnsetx-nsaixp-Mj-CNDj.lsyme.cm)

⼯ (

1

-4的分⼯(M,刚… = Íg

fADlfdxndxnetgxixjixjh.detolinearityD-l_fdx.tn 拍们 étnixik 셆
t

= < f(纲)>

= f仔们 ehnk
셆





섯 ixjx.ca> = 2, 可 孙弘 达"
⼼" k
_

i j

K d

m n

= 孙2jhiei-fnixnf.Miixme.MYL
= Mi

'

孙可达
不⼼

+ 孙 (fnixn.Mie-nixothertemwillbeoatersettngtMejfM.imxmeiMJ-MIM.it
MiM.it Mi Mi

= Cxixj><

XKXDtdixlkxjXPtcxixkkxjXPForconnected4-pointfunction.IS
) = fdxi.dxn.ES缈⼗"

,
我 1g I = 1章

的啊셆
我 logICDko-2xijhfjfdxndxnx.tk

셆

= 2, jlzh-dxnxex.ES峢 +"

i-1-fdx.dxnxef-fdx.dxnx.ES缈⼗不引
⼀

⼆ 百 K-fn.ch/nXlXkXjE
"""

i-fyfx.dx.xex.ES
侧成不

fn.dxnye-SGD-ixi-1-fdxn.dxnxjxee-SHXYdx.dxnx.ES(侧

txixi-I-fdxn.dxn.GE"侧⼗XYdx.dxnxjx.ES(侧⼗名不

⼗点) fdxn.dxn.GE
"侧⼗义⻔dxn.dxnx.ES缈⼗不不 fdx.dxny.ES缈⼗义⻔ ⽪

셆



⼆ i_fn.dxnxexkxjx.ES
岰…不

-

⼯曲仙 ... dxnxexkxjē
""⼈不

fdx.dxnxie-SMHX-lyfndxnxexke-S-Ydx.tn
xiye-SMHXixi-lyfidxnxexkxie-S-Ydx.dxny.ES(侧⼗义不

2t3-h-dxnxexkei-Ydxn.dxn.ge"侧⼗名不

fndxnxie-SMHXixi-1-fdxn.dxnxjxef-Ydx.tnxxē
"侧

txixi-1-fdxn.dxnxjxexie-SHYdx.dxnx.ES(侧⼗名不

2

tI-fdxn.dxnxjxee-SHYdx.dxnx.ES缈
⼗名不

fdx.dxnxe-SMHXixi-I-fdxn.dxnx.GE"侧⼗义⻔

dx.dxnxjx.e-SMHXixi-I-fdxn.dxn.GE"侧⼗义⻔

dx.dxnxixjxe-SMHXixitIifdxn.dxn.GE"侧⼗义⻔dxn.dxnxjxe-SMHXYdx.dxnx.ES(侧⼗名不

⼗点) fdxn.dxnxiae-S-fdxn.dxnx.ES
缈⼗义不 fdx.dxny.ES(侧⼗义不

⼗点) fdxn.dxn.GE
"侧⼗义⻔dxn.dxnxix.ES缈⼗不不 fdx.dxny.ES缈⼗名不

⼗点) fdxn.dxn.GE
"侧⼗义⻔dxn.dxnx.ES"" 不不 fdx.dxnxiy.ES(侧⼗义不

-⻄) fdx.dxn.GE
"侧⼗名川dxn.dxnx.ES缈⼗名不

fdxn.dxnxje-SMHXfndxnxe-SMHXixiothert.ms
cancdlout ?
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an-fdxi-dxnxae-d.K.je-lnntEf-dxne.in炒

f-dxne-MTJ.AswepouedIn-oforoddn.cn/a2=o.fdx,...dxn
xae-Mjxixj-ixiyx.tn
=_=

fdx.idxne-Mjxixj-ixiy.in



(a) = iN Q] = i [点 + 中⼼
,

Q] [Q P] = i
.

= 我逃] +- [⼼, Q]

= 咸 (h.pt咂,吵 ⼀下
.

P = i !删 = i [器 + 中⼼
,
可

⼀ 逃出⻔ = - m iQ
.

⇒ i -_-muid-wP.PK) =

AeiwttBitQCD-tliwAe-iwBeiy-iAe.int
⼗点 Béiwt

A.Bdependentoninitialcondition.RO
) = A + 13

.

Q(0) = 元 A + 元 13
.



⇒

A-HPGtimwQGD.B-HPG.im
wa섺

,

(b) H-hwtatf.tt ⼆点 + 中⼼
셆

Q =厩 (a +们
,

P-ificatcn-D.ci

⇒ 阺) = ⼠化셆) +

imwajeit-z-G-imwujeit.tl/-za+)eit+ifn..za)ěwt
= 愽@eT-ae-iwy.Qct
) = 元(j-ajeiwttif.li#iwt=
彊 (àětaē)

,

(c)



섯 ITQ.QID-iolTGeitaeiyte.int aē咧셆> (t >D

=

2
点
셆
섯 1 ㄒ (ateiwtdeiwtztaeiwtatetateiwt.ae咕 taēiwtàé岵)D
-

= 6 1 . _ .

ateiwtzaei_ew-D-aeiwtzateiwti.eu⼼切 ⼼
nrritur

,
ˋ

-

iwltt) _ (古切

=
上 ale b ⼀点 ew

,willbemoreonunienttohaut.zmwtogete.int
Ght) =Ǜé

.frt.i.wehaveolTQ.dz
⼼ ⼀点

"古切
= 串ay.se.tt

,咕咕 >苡

2

0 1 TQQQQ4107 = (法) <olTGeiwt-ae-iwyciiaeiytbecnenient.ciTaé呵tiiaéf 셆>

(negle.tt d = (泰了 섯kàeitaaèftiětááè"吵⼼
aht.ms )

<셆 1 aáaá aaaá aāāā aaààl셆)

1 0 0 2

= (泰)
2

fwteiwltze-iwlte.int섺

⼆期 éwétéwtéiw⼼切
+ éwatéw估吵

⼆没卡 [GGTDGG-tD-GG-t-DGGD-GG.tn G估⼀划
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_Httn絩啊

龇了

gl-ss-fdtkmias.ie,签 ⼀)
h

= fmaiasqalff.ms셆 乘背臖丝么
ㄊ

20inch

l9atslunhforequal-tinevariaton-f@miif.sqa
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· I → I' (t) = % (t) +

czrtqiDC29ass-fqmdtc-f.lii
=

Letstysonethingdiffenent.int 和m

S = 1 2 (⼒ 动)dx.tn) → 中的
]

tnabokss-IISIS-tdznddx.it
Dii 的问 +2凾 si

= 1篇孙满成 ⼗ 最不中…+嚴znjdx
-

不漏所⾯成 ⼦以外

= 1臥朂,刚+24刚 dx
셅

⼆ ⽟晶盥 i

. I → i (t) = % (t) + czrti-D.Sqa-qdD-9.lt) =

N

J =器, 我 +2
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weshouldexpecttagetengy.momentum.angular-monent.am

asnoethercunert.Consevedquhpbuthere.isotldfeldtheong.uahat weget ?



(i) 2 = 加的壄 ⼀ 叫那
셆

王 ⼆ 中셆
+ 中셆

⼈ 셆 (不中 ,
+ i⽟名) (2师 ,

⼀ izn-mlt.it 叫虾

= 不中
,
2师

,
⼀ 不名 独 ⼀ ⼼中, 1个 叫虾 ,

eqni 了
"

朂, ⼀ 器 ⼀
셅

( equivulattossh.io )
셅



⇒ 孙 ⽟ 中 ,

⼀⽇中
,
=

o.si
不 名 + m

2 名 = 0
.

2 = 加的㡠 ⼀ 叫那 ⼆ 加的壄 - m
'猫

⼦蠢 ⼀ 量 ⼀ ⇒

ittriio.si
彘为

⼀ 赢 ⼀ ⇒ 2
"

五 五 ⼗ nn = o
,

⇒

thhtiptnitiD-o.in?+m2P.=o.22nhtm2b=o.(iDS=fdx(
⽟的㕶 ⼀ 叫扑 +㩍 + 丁的

셆
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(iii) S = fdtx (⽟的㕶 ⼀ 叫王⻔
셆

王 → ei 王
,

⼈ = 不 的⼼⾥ ⼀ 叫㺪
,

拦㵣㩶中
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Apologies.Iwasrumingoutoftimetosubn.it

anymorejob-feelfreetotakeoffmotep.int



T
N
=

jnjyatgNL.ve
rifg 过

, 引 = ihgk不 过 ,
H] = 0

[下 , 15 ] = ihgkkk ,

[可 , Pj ] = ilig.PK ,

[k, H ] =ihi.lk
, Kj ] = - i⽐灯⽕ ,

匪 , ⾏ ] =

ihsjH.IR
, Pj] = 0 .

[R.tt] = 0
.

expesseverythingintensorformanddodgebra.PE/d3xT(x)J=Ek
fdxxiT

.
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Noethercumentji-cpta.withNoethercha.ge

QiintgmtdoverspaceQ-fdxji.Momentumconjugatehs.iq
)] =

isabsi-D.si
nce 柮 =

(名⾔) ,

Q = 1收蠢)
△杰 = 1蛟⻰贼 셆

Let 昿 = (成品
_ isaa.si扪

[Q ,
中 ] = [ 1蛟⻰妙岹 ,

名] = fdxtih.lt]

= i们的 名 = i也不
,
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(i) U-eiMESUCD.ForHemteM.egyt.ee-M = 1
.

ThensatsfiesUU-l.anddet.ecD = iM = 1
.

→ T.IM) = 0
.

With N = M
,
不如) = 0

,

weha.ve

M = 看 不可
셆
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Find 逝护] =igki.co
ns.tructiI?=I?o*I+IOxJi.tgeneratorofrotion:Ji=fD.fliD.Ji= (
D.in/Pl=z(::)t(:i)(ij=iExyzJz?lJy,JzJ,Ez,JxJalsosa-fe5.

(ii) ⼈
,
⼆ ⼀点 不歪独 ⼗ 代王强

a

王⼀ 地叮的
书

,

t. ⼀ ⼀点不 (蛇
"呵

,归呢"⻔啊 ⼀器蚍
灯⻔呭"

⻔出
⼀

𤩎地⻔呭
_

"

㱢推 Sc

Sbc

⼆ ⼀点셆 ⽟垫 了㖤 + MÜD

Tbus2.doesnotchangeunderSUCD.noethercuvrenti.it
= [蠢;昿 +

(赢成醉
出 = i成矿袖,

a=1
.
2

䃁 = - i 成 王新店
,

⼆点 蚓成的崉 + (⼀独) (⼀唔𠶜)

⼆点 … (独地施家 -2嗮的啊
,
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2
2
= ⼀点

,

不

Xizixitmlxijx.wsIé"们, Xj

⼈⼀ 器御啊,不恌
啊!滋) + m_

= ⼀点 t.li/inixm+mtijj-sjm_

ftp.myxni-fzy-jtmy/noethercunent:Sxi=i2k#j
xj.it上道

sx.tn?(iJPi=i(jXjiXi.
(iii) Set2.int ⼆ ⼀ ⼊ 建国

suninwiant2z.int
= -⼊ (

XIY.SU/2)invariantShowLint=NXiFriIb.peservesSUG).SXi=ixk(Ji)
ijxj.SC臨酒) =邂)⼀点 tii㟗

= -ixk-nixk-ic.pesewes.US?
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Noethercurrent.ie
f蠢,独 +

(最灼热尽漏处

= f 也戴 ixk-I.int嗮霒 +
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You are correct in that when D=6, additional divergences are present. But it is crucial to show that the subleading divergence ~Λ^{D-6} is proportional to p^2 so that a counterterm in (∂φ)^2~p^2φ^2 can absorb this type of divergence.
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Technically, we should also consider derivatively-coupled terms such as (∂^2 χ)^2. 
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