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* Resolukion of e id‘wjh‘{—\], 1 = é LeO<lel (¢ gu_y()rlisinalkl
usefud i, comp uAsdions.



April 6™ (7:00%")

UVlLU/“t’a/(V\J"\/ (P\r\'nc/{?(e ond,
(_On/\\m:\*ilo\e OP@m:\’ars

‘ (A&UZ: CQ*¥-<Qy i ke an  grthogonal Frojed"'”"‘,
as seem  from ll&\PMz= <&)z+ (A&)Z. UV\L@/‘MM'Y
(88) has wnits (@) .

« (aRY (28Y = (£ (ne)) |

+ Togeter witt BAR (DY), nrqy Rt wncertainky otk
) (A@Jz
(begy) = EC GRY (A" > & -
pra

* A oyear s gloux Tt <10 seconds (awuvake o 17 Y)

- Lower bounds oitia the wncertainty \)Vinci\plez W (ItD,

reA ooy <sz o (Mﬂz and A Ap (6»0“, then  redate

ey and Minimize <W> as & funchion o€ (BX) -

K TIW7=29Y den THWI= YWy .

* Novwmed opestocs ((MATY) Gve A=Eo>~kpk, with P @ complete
Se.q.
k=2

X o€ pethogonal \pvosef*bfs Pe=C, PP-4.,P,
. Cow\?\d'e sex of 60mmu:h'n5 obsexrvalles (csco)

esolves at|

degoneraces.  CR\TVCAL 4y detecmine The commuting observalles
A SW{M Ph\/S\'CaA problenm.



APH{\ nﬁ\ (éiooawv Pid'UUftS of Quantum Medranics

. \)vxi{’cu\/ e enolution : Pos’rw(a:!'c P& = UL )\ Pea)d Y&,k
\ {m\>\\'e,s e Sdrw'éovaéM equoion by al)-@FWdiaJ"\V\d the aboue .

+ Three cages 7 Hme evolution :

N

R Fioe-indepondent U = e (e fi)
A A *A
(R, BEDV=0 Bt UG = exo (3 [ e an)

L d IN < ~ n
VP UE) = 1+ L|—h S,d't"/ nQ) + (L:z)‘ L At N f— di He) -
vl

. Hasmb(y/g ()\'d'u/re mMoves Hime &Lee,v\o\wc,e N0 Hae o't)exa:k‘cws:

AL = U@ 2\5'11&\ , € A Yy <'&HG‘5 20y

* Euoluxign LS Ny dd%* = [A\_\‘\_\“‘S.\— Y %

* Find Hasa\\owj o‘)uc«sh)rs {or e harmonic o5cii\otor by
Stthng W o 29 Grde, ODE Lor Q“c*c\ Using eq. of woton.



April 8™ (6:00%)

'D\/V\&WUCS 01(' Q\U\O\J/\“l'un/t S\/sh\—e,ms

"‘A o/ ' '
e Colaevenk steke e i %\07 oS cillates CJ&SS\C&ALY and

W\Mr\-\'ﬂu‘ms w\i\r\\'mvwv\ uy\ce/r{—m'm\-\/ 5\,\&64_, To COVY\PbL?\'C AN AN
W, vern vnloer Ao He/iswbuj Pidmfe :Lw \S\H-

. \)Siv\g eAsce,_eAeBaz[A.Q and eJxPM\diV‘% %)as LML“(Q_/\Q*)

Jz
conerenk stokes are @ Porsson  diskrilourion of g\

aseyns%ajres :

/

' Generally exp (af= 5109 rotokes o > -k i Fime.

LR < So  beaunfiu!
«W( Lo-\_l 0)9\ \)

fov  more iv\hbi‘Hov\, rt xa

X — X'a =
AO\Uol@ /H-MSMJHOVI\.

Physicatly, 4 -
'L N A n A
= ?( PO — <P

* EXM ’(:\Ud OYUC&'O(S from E"'"i(l—é\z'l'l—é\z)

3\\)\'V\j a hwawvmonic
oscAllokor. Stvareqy:  Hnd con'}uﬂm o‘m/rw\—vrs st. (f),?@zl’k)

her debine vadsing(lowening 307 4o r-ctate W= s Gt s 4)

Taste of ciuam\*'mm Netd ‘H/\QD!/\(; colhevenk stede of ?lmr\'ons lo¢

onkeul 0 = |l
Contauns  Abouk <N = |al ?Mo{-ons 25 a Standing wane .

- . A
Reminder - M= ch ) E:«Z/MB

.J . l
i 8 (chede vnits!) |

s>

Fun dfadk: newtrons have o wmagneric dipele moment!

N\AU\@M w\aﬁ\nc»h'c. sonance ., S?in Pmcessiom wi\—\,\ *Pvecl(,w\a\/

W =~ K 1> ) /:L-'—' xg . QO‘\'Cuhv\g magnezﬁc ‘é\dd



P ¢ A : - \t(ﬁ‘ts N ngét \WO)
Bz + Bu(RCos ot = §sinwt)  gives WA = 6"?( Tﬂ“‘(’(‘ T) 07,
%K = Sll * B, (- g\l\% , = ‘6‘3, ) Q}; )% NCKADYS wnot O?MWVS .

. P«\o’rkvm/ ZXL  systems can be cownsideved S\>'W\ precession.

. MM\\/ Mgdo“‘ffc reswlts  (and "su?LrS\/w\vwe/tv\(”) foul ok of
guneradd  fackorized  Hamibonians KA, AAT.



Aocill 4™ (6.00*) Mulkiparhidle Sttes anel
| Tensov  Producks

* SV (uwevy= S, e Ty S Yne fundamentad vrule .
\nner \proo\uw&s e

Am{

A\\ g .- Am%

: : €g. O 86\ =
Ame.--AMJ > ¢ !

Tr(A®g) = Tr(A Tv(e) .

Entanglement s pohen W=Z ey ey £ cluse vy

for any Wy, Wy e et fackorizable .

TPl shakes are lwn=57“—(\+7\—7~\—7\+ﬂ\ 1y = (1es6) WY,

ovraonormal ramgled  Lasis of two  2-stute systems.

classiced loits ..

. NO’(,MV\I'M theorem rests on

TW o Clone dim V OV-H'\oﬁole{ VECADNS kwown in zdvance |



AV\Q"“M Momentun  and

020t (6:00%™)
A?r\ Centva Povxenriads 1L

« Dot amd  wross ?rodw/r rwles © lbe bold, buk ctmendoer
whwat  commykes and %aur wor 4, rederive o dhack!

A A A A A AN A A A A - A A .
° vy = ("‘\)‘(1;“1\, P = (P‘\em?‘j)) ,\\r? = P_Y & (Y'\;Pi’): P.\(_\_'S\#\J

A n A ~ A A ] AN
vxo = -‘)xr ¥ EV)\‘ [xwﬂ = —er+€'\3u5jk = TPxRro
[ — ——
514n Eom S Symmern e and
St ——Uu)a&/s am\—is\/mww)rﬁc sufe/PolAU
'\’L\A‘V\M) "w'l\«lf).h

A

* L: ;"‘6? . AV\A ,;t—: A?'L:() L\I S\/MVM&’N\.‘ w/d'i&\,mvmzz('v\/.
g CH‘\'LwX \dlwvhw - ei’\kf'imz 8‘)\)81‘4—530]5‘(?. Vsehud - a'(l:xz)=(£u'l;\-,c\,.
’ KO\{ ’\’U/'M"\"\w cauhon P pot  commute O?Ua*o‘s)

MMy - antisywmmety

Gk identity -

" Intuihon:  vegtor  wnder  rotations fed He adchion of C; N
Commukedors, while scalars wnder rotation don+:
(Ci;&i}zihigdk&y_ Vs, [(:“AZBZ 0.

* Infruition £or 0,V vectors under rotetion |
CLQ 1S SCMM, &x'\; \$ veddor ()us‘\' \ikt O\assicadl\/‘.)

* Key Consequences : [Ci, Cﬂ= [[{l(’!\f\('\?\';&:‘lb\Q{‘\u (exp), = Waeiju Lie

[[h"r.%lecl\,;z]: (C;,’\;z} = [C\ , f,z3 =0
because adl o€ ?,ﬁ,ﬁ are vecors wnder rotetion.



" Dehne Ti=3,%13). Then (5.70= w3, (532,5,)=*% 3

J

T =TS Si- 0T, and Tk 7= J1Ge0 Selmad) \jrwery

* _WU/M/@\/\ al\ k.‘ouur advahuces in c?,mf)ula/r monwenkum, remembe
Hre \‘—u-[ whutions of whwere eadhh +pol  comes from .

* for 4 cenbral FH'(MJH&M [C\'\'\\'\\ZO (laecwse [C\',’{)Rﬂ*—b, (L, #69)=0)

VeGhor « veckor = scalar

e A\ Hae fami\iar {:dbks Qlosux ln,e,,mv\ 2Lk, e O(ijo.qcs.

’ Ra«,\agu formuda expeesses ‘)\m Waes og sphericel hanmonics.

A2
1) \50‘\"fa?i(- osUl\ador 16 Z%—\—%mwz?z, hence angular vmukh?le/{-s-

© Muwiriplele are p singled 107, = ripiek ab\0%, @510, 35107,
Heen Pvduw'& +o additien OE'MdeM monentlonn  with  £=2
Wauning 08 2. M ficed E, no oo /< £ mukiplets  \secause



A\)Y\\ AR (étOOa\M) Addition of Avxﬂulox M owmentunm

* AddHon of amguJa/v momentum s NOT & wy stery.
Cach SYM 4N, has 2 wnormal 3, alﬁdora. Them
J=3 Ve TP < T e+ 165 . The second fiom s ey
e intwition'  For calcukations ?S':"*ES:‘)%*_-‘\ZS’:;’b s great,

. l\\uom/s Onade wormelizaton'

Ao \ "2 ¢’ W

. fu‘,ueowu: Se-S? = E(ﬁSZ—Se‘gé), and for SVM Se (S

« Intwition: Co“f\w\ bosis diagonalizes  L-S  +ype perturbodions,
because LS ~ 3% const 4.

" Spin-orbit coupling LS (relativistic electron feels proto”
magnefh'c 1‘{&40() aqoan \@ueyages LS =1i(:yz-lf_.s?f>.

¢ To wladate correchons, shedt @ fixed £ so % = const.

— Question: why can we seleck £=\1 Daeswt -0 i w=2

have *ae  same gy, So chowddnt  we wmdude
it v ows (uau\ua:l-c Squ.S\')ace cdculod\'ovx?

» Uebosth — Gordon vule - <j.jzim‘mz\')]')l;')mﬁ =0 wnkess MEdwm, =m .

. 4 A
Milowed Yuatues: e g = (g e Gup-De o ljel .



e

A’\)Fi\ 22" (6 ‘-OOM\) O/\curg@d Particles in Electromagnetic
Frelds
© Porewkals are tue fundamentsd dbiect -
:—é:?}%z\ (\owdl\,\) % = -V& - é— g_%\ (\ocal\\,\ .

Plhysics is nvariant wunder a gouge Yrensformation

/
= ‘_ OA ‘ . aA

) (E.B:TVV\

Mintmak cal,t,f\\'m,\e,5 "P — "‘3 3 %K\(Qﬂc\ .

Uit - q- T=Horee o Loventz low (F:‘(E*“i Eed) 150 4TS = mowmerdtum
A N 2
. \’\va\i\)romm bevomes W = ’th\(-ls ~ % F\(Q,tﬂ +q BGk)

* Coudomb Swﬁﬁ \S M\, Wit %-_A-—‘O. W+ sim‘;\\‘-(—ies J:\.

* Flux GUantiuim :§o= S

1S Mmnimal magne:h'c. -G\u_x oux 040\ Forus .

* lamdan (e Lor porticle d/\cuge

. = A
qr Wass m i B=8,2

w&-= 4—E=

m

1C0rvvl Warmowie escillatr A‘E:’W,%,

A
v

p .

TI<

<9

Cl<

B=m

~

The \0/\6“/\ scale ,eéz B e

YA qg_ )
) 5“{“?0%)“'- when doing Landau el Pro\a\&ms, leep +ack of
WS Ao caAca s{\\\/ Mot exrovs. Also, wo s'\\\\) mistakes!
* lnhinte degemeracies (n k. Lo w% \eved of te cecillator:

’\P(*"I\ = Wa(y-Yo) e'Wr % with vy, = —\Auf.é y Y the wth gsaullator state.

' : d Wy Flux _
?mﬁ\'c OLL%W“'U‘ZB ot _{l\uqv\mmz% W& restniohed

. 2
o by Ly squase .  (pruition s enveny  stake occupies a1V A spoce.



A?\r'\\ Zgrd 7:00%™) Prolbolem So\u\‘vxg Jam !

4.\ )  DoNE!

2u.6)  DoONE'! (30 minwkes, and Haar Was & wmidterm on\olw\\.\



April 24t (00%)  Time-ndependens Perturbation

Theo 8

NOV\AQﬂO/\MM'- devivation ¢ b\/ Posm(wh'vvﬂ power series

solhon and  olugging ety Schudoduger .

© Usefd chhoice: zesumce W®1n5 =0 if ko (bt ot P> =)

C B n@ s | any . Vsebd for some celcwdaons.

5\’\\“\ v l :
. \V\m7 = — Z £ ew K , EV(\D__ — 2 5:)\““ .
C£n W™ Cn k#n E‘l. -E::

* Ihuwition s (eyed rq)u,lsian (wﬁhu FML\LS down) . Pk E:«)_E(o\

n
S0 thet  groumd steke s ?u,s\ud dowa (E-E” >0, so - out frord),

Dhakegy to caledare is always +o PAUSE o moment +o
Heivle, "Whet s Hae best way s catewtate St 1"
 \se Wwhuirhion  Wike, 4 queurtic ‘;o\-a\hw( on an osdllcdor

W\ lnorease  Hoe WﬁV because Hax Pmm \'s jo/'ng up .
) Degawm%—e FWJVW‘DG**O“S‘- Loe [81) 4ue ?Umbazh'an reste\ (ked
40 +e &3@&@@& subspace, Hae  good basis da'oﬁovxodiw (8] .

€= (W) g, 4+ T cigowvalue |
*Vsehd lemma (W), =0 # 3 (8,k1=0 4, WEY, 195y
have difkorent & egenvodues . The loasis is 3000\ # K s V\ov\c\eﬁmuaic.

* For dzosawrw\‘e steke  correchons  pnd 240 gedes energy, ken

S SP“mnﬁ wp contributions  fom v and oux of A%Wai’e
sw\osl)a,cc-. Va amd Vy .

2
- gD - -2 \Zf“"\m mat e V\amdlc)wua{'c second ordes; only summed
PoSE

over stokes ( owkside Hax degenevate swospace .



M ZS'HA (é : OO&M\ _r\VV\Z—IV\OlePO/\d&wF Pexturloation T[Aeon/

A

* Intruahon cow?\w\ basis maters because T s conserveol in
He  cdoRiuiehe covvechion.
« Laket for wuf(zol state mlePlff\'S is \r\L'J 29, 3P

32
(¥} Q

* Al Bne shvuckure of ordes & mC .

s When stude jn 4 cak e ation,

1. hede wndts.
2. Think of whwaet COomnmutes .
2. Write down e Sul,w’sd{nje/ ec(utwﬁov‘.
* Reletviste corvechion uses w\coufled as ﬁaod Lasis .

SW\(C Hae O s wen Ov\\\/ dszds on Vl,/e‘, W vemadns Sood 1 COL(.P\&C).

* Fine shvudkue pdds ) ou\[;mclu\ce, out o £ or wm; -

\—\'\6\/\0( ) Mmeens \/\\'3\'\2/( ?Ells
nergy. A stakes Shilke e
a4y es Shitked — 35,- - — %P?/(’L

D\OWV\ Com‘)md +o ar\'eim-l. ZP%IZ
— By, 2Py,

T 303/2

* Weale Reld Zeeman
SPlH’S b\/ ™ - T—Zd/wtiqu.(: — 19

\/,L
dLﬂUAMﬁ-QCQ were  in /(;W\)'/

. Az A . .
So S‘/\dww\ﬁ LZ, 3'% comMmmukt S &v\ouﬂ\/\ fov 6000\ basis in the ol.zﬁexwmoy,

- Usehad drices {82 LoSow Lo5 w9 (L8,



Apri\ 26t (6:00%) Droblem 50\\,]'.,\6 TJam

Q.S——-)) DO(QE\ iL(,QSOV\‘. 5&00& basis dﬂ_ﬁwm \)W\oa:ﬁow —H«zav\/.\

25.8) S0LVED ENoutk TO (EARN! [lesson: wnbroken degenecasy is hasd. )

25. lO) DoNEL [LQSSOV\'. «“p. value af scelar oPumr is ivvariant uwndex W\._)

2 2 A
25.1%) DONE"  (Lesson: %— =J_CTT ¢ @ scalee ynden votahions. Awd r#r. |

| g



APYH Z7‘HA (é'-OOaM) WKB and  Somichassical Awro\quhov\

auy
P(x)

* Loted  womentinn POO = 2 €=V, (ocak waveleagh A =
Witk W= 5 ep(£9), Vraloaloil'l’(\{ cwrvenk is T=p VS
* WKQ \l\\/Po—H,\_QSCQ s Y= emv( L), S(sOE‘L, \)\uj ntd SW"AMSXU’
powes memo\ wm R Reswt. W) = A_: 24?( S&KP(“)

g

=

UMS\CM\\{ Mlowed : Y= 2 o e)ge(g ) + we(«'\}--\.

. ()lasstcaxtu, fovbidden : Py = \‘é—_ me(—s }+ e&?(s ) -

WK®  valid when \3%\«1.

V(X < ' «
. Iy J— OS( WY Ay _T\-B = J_{E\ () (_ JQK(W) &\A’>
— = sin (], =T 2 Lo (¥ qetae)

* COV\V\KC‘\’(OV\ —Gorvvtula.e 50 W one diveckion . Diferenk for V1’>O vs. V<O .

, _ b
Quankizadion - Sak(x')dw: (m—‘i)fr for +wa -\—umivxa) points

Dorivarion is simply Conneckion formulae. Evenytlaing in k@

malces sense  withh  wlole &,P()roximai&aw a,ﬂ;wva’ru.s W wmind .
" Intuition YoU can  Conneck AL hom a Axca*/mg asq)onwd-id

o W a growing e_\(?onewh'cd.

* Tun neling S’\'le'e@\/ ostaut xmv b with Aransmitted went, e
Conneck awoss loavnier, lceep only  lee 3000\ o\xc_wy\‘% exponeriol ,
on 3 conwneck agouih WD e weident waue (o8 ~ incidonk + nﬂzwoﬂ )

o Result - Tvmqa, = ramsmissyon ?robﬁubﬂ“\l = —&‘A?("Z.L\:k(x')olz'\ .

* Lfebime T of decay means Pl =T, Compude by lerkng Pwr+id&



bounce tn well wkil i dwanels  gule |

e ' ' - &)
0 sewu Classical udouh/ V() = Pﬁx

Ao

esthwake Hime betucen lbownces .




April 281" (6:00%™) Time-Dependent Pertudoation Theor
P P 7

A (0) &m_\_ S H(Jc\ C((O)

. §W is o smedl SRE), ow then off: i

} >t
i 4

\ ~ ) A (o
Wt adhon Y;M Py = et A )y quiestes Hae ackion of H
Key +o remember all reswdts ave in s P((,me When wJ\a,dajn'vg,
—_ NN NN} ~ -
¢§ Su= e MR su W Tlan g AT _ STy

\r\)r(h}wq m a lbosis and plusging k> Hur deu'bd\'mg@/ equorion gives
WKL (k) = t; et Lt BBy () Cl) | o= L(Ewed), 1T = %ch&\m .
Goneral Stvategy . write down these coupled diff. g3

Pertwrbatiue e»c()am'w'/\ just simplifies .

AP = TP 0T WY 4 N WO + 00 .
Ininod Co V\dH"‘\GV\S \qj("”(o)) =0 “C’OV w21, \GLO)(‘&\7 = (W)Y .
S(Jmsdmﬁu RO IPED = XBFWITWY  gives  WANTO 0 = S (TR @)Y |

. _ t o~ o ~
Successive SWosttutions \/iad, ¢.q., VPP -= j de’ s“%)g k! ‘L‘_‘:‘B \W)Yy.
0 \ 0 L

Fov W#m, kz,q)img Only O(\) Aerm 3\'\)&3

w t X 2 o
Pren = [ Plav (= | §ar SR |T 2 ) (Fgp plomt 5y e

2
These reswts are al\ davied, You tan readly wnoro them, recveatt Hhem

. ~ < N \eor
I basis Ve Gtors 9O = ? & @ wy = dei' 5%5\‘) W) .

Exertise: vedenive &k Lrom Hae aloove .

. ” (2 - o[k
SYQ ded cases : Constant o —= P-(-e—i ) = law— ‘ Fog t0) y Elok) = S\v‘(t(z Z )
z

Harmanie OH = 2W'eoc () — (o3 SPWS 1 cause c.\(‘&“'\'w\k“, gl rhimete
G wids wlen \'mjrasheo\ reake  dLnominakors ok e iter
WXWR 0¥ wx-wH dominett as alsor piion [etimudoted smission. Makin woorkes!

« Comditions for volidity = 4o >7 \; S0 W s identiBiable as oscillatory

b do o THG
£ « s s6 Hhok resonanct Proloalml\h’ 7‘1% ce |



April 29™  (1:00™")

Time - Dependent Yorturbation Theor\/

y Diswm—»conﬁnuuw\ fvansifion uses box construct,

P Counk density of stakes p@) by e
= ON = (W\dk £ i

ol

3
e, = WA= TAE A3 Ci%dkAn D An= [(1&*\' %'u GM'KO'E'

* Hvsk \ s \ (
Gk eiae s SWS J . - pler e pee

2 KiL=2wn;, ON= dndnydn,

" Second Avick 5 assume \V;\\PLE)'UCOM’{-M because  Flox k,)
s%rresses contvihurions asvde  from Ee~C wheve & is laurﬂe-

* Formi’s Golden Rule : 4vamsition rete w < %“lvmzp(eo,

E¢=E;
for constank, o Ce=Eithw for hWavmonic.

° \,M\&\\'\f ru\mres Lw <\ and t, ’7&” P N () = enengy {ov K(E)=l\)€-§\zf)CE)
+o U/\Mge c,aw\()wrwlol\{ tv K. S\w\()\zs’r conhdation is \d—:%"\& <\,

L@\, €22 Y
n

De.c.w71 of disaere 4D Ccorhnuum: \ N

>

t > Ey
€+ 3E;

* lomzakion of hydrogen - demand By <« W cc 22 &y
(—____)

S0 ejecked el eckaon S0 magnenc Kexd
'S Wpmenkumm ajcns\-a:\—e Constunk“gves ‘e atom

Eleckvric d\'?olt a‘)?roximwh‘o‘f\ s W= Z(

é P)COS(AH:)
W Comes from

— S G . —_ .
Z’V’V\(P‘%A\) with V-A=O gqauge ond A-A-le\ \shoved,

o dw o4 2 2 > A :
lonization  fr= = % (KF;\M (\_qwsze (fv € in 2 diechon, b3
el We = womentum of ¢jected electron



Aprit 30™  (6:00%) Time- Dependent Peckurboation Theory

. \)((Aﬂ: ﬁ, 603 dw

T\-QC? CW \g Ws\/ Fbr M.V\L+ \IO\LLW\Q (YA \Cmc[w?v\u( ra"V\ﬁﬂ db\)
. sHmudated odosscphion rate
for  Hrermat blackloody  vadiotion. _ shinuated ehission vote
y Spowtameous emission vote
. . _ . . ?
* Einstein's ingenious MﬂlAWlW = Bu=%Bi. AL ooy,
Bat, w23
Inhution -

shmuwdated  dowminotes 4o wigh temperatuue,

Ppoutimcous dominates for low tempesaticce .
* Wtuwifion: 4o think Wike an a,f()roxima;ﬂ—or, write dowa the whole
waly beast and ask whek com g0 Quoas .

E\(&'W\Ple: E®B —’)‘*3‘" '—E‘ for wnonreddativiskic electron
E(%C) > just B\ for A a, for uisible light-

R _ 27 3 — -
Balo = By = %‘% el Vo), A= 2 Qo ol (g, = 4 @ixany

* Selechion symmetry ( MM L\ WL' > = 0 wndess AL=%1, Am=0,+)

bn=0 = <a(%iLy= CalJ\b2=0

Bea=\ =7 cal%\L> = o, Al = aJlby  (hom <al((e,X) 1Y)



M&\/ 15* (e:oo““) Problem So\v(V\3 Tom

* 27.4:° OONEL [lescon: Fowrier of Gaussioun |s j ik o &x—jT —k/'-la]

bl ]

. ’Z_’]. (o . —= CONEUSED = A« Lue oPuwﬁhg m 1D or 2D (for ERM wa,uc)
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