


Lecture 6 : 20 October 2020

I) Review

III Hecke - type double-sums

and false Theta function )

#) intro to quantum modular farms
w ) Radial Limits ol mock Theta functions



Lecture 6 ( detailed)

I ) Review

First five lectures

E) Hecke -type double - sums { false Theta functions
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• oc.gl ,
Into dial of

o false Theta Tus

II ) intro quantum modular farms
- basic definition

- examples

° 8141
• expressions from radial limits

- graphical visualization



Lecture 6 ( detailed)

w) Radial Limits ol mock theta functions
- Zudrhn's proof
- unilateral & bilateral q- series
- use ol heuristic to complete
a unilateral series to a bilateral

series { produce more radial limit

examples
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I) Review

1) Lecture 1

Ramanujan's Loss Notebook , q
- series

,

and mock Theta Tus

- mock Theta functions have many farms

- changingbetween forms has been a way
to understand the functions

- classical problems
- formulas far Fourier coefficients

- Proving identities between functions
- Ramanujan's vague deft & Radial Limits
- Modular transformation properties



I) Review

Lecture 2

Appell- Lerchfunctions,Hecke
- type double-sums

and a heuristic

- mc-qxcqitl-l-xmcxeg.cz)

mix,gal = I- g-
'

XM ( g-
'

x.q ,
2-I

mix a) II.cursory
- CE't

- new identities for mcxcqitl function

- expand Hecke - type double -sums of

type I symmetry in terms of
m (x. gie 1 functions

- Application - new proof of the six identities
far Ramanujan 's four tenth order mock
theta functions .
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,
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I) Review

Lecture 2
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I) Review

Lecture 3

Kronecker - type identities with

applications to classical results
on sums of squares and sums of

triangular numbers
(Kronecker) For x.y E Else} oclgklxl , lyk I

f.E
.

- E.)grsxis-oiiix.is#njcxiqljcyjq)
x
, y →

- l

Lagrange 's Four- Square Theorem

X , y
'
→ - y

Fermat 's Two - square theorem



I) Review

Lecture 3

using hectic we found a higher -

dimensional analog of Kronecker 's Id

4,7, t.s.LI/qrs-irttstx;sz.c--z-j
* m 's t Theta

key , Z →
- I

Legendre - Gauss local- to -global principle
r
,
cut > o ⇐ > NF 49/8 b-171

g.→ q2 , x=y - 2- → y

Gauss 's Eureka Theorem

Num= At D xD ,
D= KC Kei) 12



I) Review

Lectures 4 } 5

Two Problems

- Simultaneous representational primes by
by binary quadratic farms (Kaplansky)

- A q
-series from the Lost Notebook

and two conjectures of Andrews

oca.int?iiai'
"""

Yue.la#--aeg4
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- E scaly
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sup Ischl )

-
- too

n-soo
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I) Review

lectures 445

underlying themes and questions
- Three field identities

- Relating the Fourier coefficients al a

g
-series ⇐occulqn to the solutions

of a binary quadratic form antbxdy
- when can one circle a g

- series as

taisecxceizliy? hits;sgakrkbrstc
Sais . ' 'Hel : -1¥

. .

) hits;sgakhbrs.cc/E )

type I
, type I symmetry ,



Lecture 6 ( Today)

I) more an Hecke- type double -sums

with type I symmetry and
false theta functions

E) introduction to quantum modular forms
examples - 6cg) ADH

, C

- Radial Limits of mock Theta

functions

E) Radial Limits of mock Theta functions
• Zudehn 's proof of Ramanujan's claim
{ role of bilateral q- hypergeometric series
• use of heuristic to produce more bilateral

series and more radial limit results



I ) Hecke - type double - sums w/ type I

symmetry { false Theta functions

Previously
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It Hecke - type double-sums w/ typeI symmetry
and false Theta functions

'
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false theta art 42

Tach . c Cxcy ,y) examples weight one

garb . c Ctcyizl
false thetas have wt 'k

Chan 's Kim

Andrews{Warnaar

This also happens with facts . C (Ky ,q)
evaluations



I) Hecke- type double - sumsw/ type II symmetry
and false Theta functions

proof #I
T.ru Cky ,
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I) Hecke- type double-sums w/ typeI symmetry
and false theta functions

prod#2 Functional equations
atb-L C
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I) Hecke- type double-sums w/ typeI symmetry
and false theta functions

proof #2 functional equations
In CB) set Clik) = Cli)

feral qiq.gl = -qbf.net#-g7cq/-icqiq4-ejl-g;g4
use CA) & J notation

teal Cq , -q , g-I = - firm (giggleTertTTR

or equivalently
Leeza Cq ,

-gig) = { (Tir tTip
)

=
= I 4,8

-

where we have used
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I) Hecke- type double-sums w/ typeI symmetry
and false that a functions

Chair } Kim
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I) Hecke- type double-sums w/ typeI symmetry
and false theta functions

prods r Two functional equations
s) gaincranial ⇐ I gain ( IT! ,q"tbh, ,q)
Bl ga is , c Cxiyiql

e. = C-yetksceykqakltbekteckl.ga.b.ccgal
-" "

x
, g.
"""

y , y
l

+ Eic-ixrga " !E.sgcskusysgbrsg,
""

e.Eiiuisysg,"" sguiuixrgbrsq,
aint

→Iii
'

II's- it qakkbrs.ie El

Sgcu) = { l n? O

-i nco



I) Hecke- type double-sums w/ typeI symmetry
and false theta functions

summation convention

if be a
b a- I

2- Cr = - E Cr
r= a r=b -4

consequence- l -I

2- Cr = -E Cr
-

-O

r =0 r = O



I) Hecke- type double-sums w/ typeI symmetry
and false theta functions

Example

8- in Gaga , g) =§oc→nq"milk
Take In equi cost with ( lek) -- (oil )

g. in Cgi .gl er-11
= - of g. is, city , triggering
= -95943,1lgY.q3.gg/t2rEoC-clrqlr-Y/---gusuCq.q2.q/-i2-Ioc-urytrE1

by Tu . egn CA)

Compare extreme ends

grncq.gig.la?Eoc.yrgcrE ) -



I) Hecke- type double-sums w/ typeI symmetry
and false theta functions

summary
- what are building blocks far Hecke - type
double - sums ol type II symmetry .

?

- can we say something new about 6cg. I?- n ?or I s cul q
NE d



I) intro to quantum modular farms
A modular form is a holomorphic function for

the complex upper - half plane Ht- { 2- c- El In 2-do }
satisfying the transformation equation
Y aE¥g ) = cczedl

" KH (* 7

far all 2- c-HI and all f- (gab ) GRE Shoe I
- o -

many variations

• K E I 2

• r = shout
,
r= Point { JE Skeel 12 ICE E) mod N}

of could be vector -valued

• meromorphic instead ol holomorphic
- I may need correction term

Ex : Eisenstein series

Theta functions

⇒ only need to check# on generators ol r



I) intro to quantum modular farms
A modular form is a holomorphic function for

the complex upper - half plane Ht- { 2- c- El In 2-do }
satisfying the transformation equation
Tf aI¥g ) = Cczedl

" KH Ctd

far all 2- c-HI and all f- (gab ) GRE Shoe I
- o -

rewire casketcar *I

f- Cz ) - E CH
-' Cczed)

-"

T ( qq.IT ) - O

what about functions f ft ) where the right -hand

side is not necessarily zero?

what kinds of conditions or requirements
should we place on the right hand side ?

what about domain ol f ?



I) intro to quantum modular Farms
A modular form is a holomorphic function for

the complex upper - half plane Ht- { 2- c- Ellin 2- do }
satisfying the transformation equation

442¥.bg/=CCzedl
" KH

for all 2- c-HI and all f- (gab ) GRE Shoe I
- o -

Let us focus on functions g : Q
-s Q

and F- ( EY) E r E Sh CZ )
what conditions to we put on

gcxl - een
- ' Ccxidl

-"

g/q¥yb ) =???d



I) intro to quantum modular farms
Def ( Zager) Kono)

A quantum modular form ol weight te ( KEIZ)

is a function g
: ④IS → E for same discrete

subset s such that far all 2- ( EY ) E r

the functions

nrcxl : = gcxl - Eth
-'

ccxedl
- "

g ( ÷¥f )
satisfies a suitable property ol continuity
a analytic Hy in IR .

Rink The definition was left vague

to allow for more examples .



I) intro to quantum modular farms

- Kont search 's strange function
a

Fcqk E a-g) Cl- y
') - - Ci - gm )

MTO

- Andrews
,Dyson , Hickerson 6cgI function

Cohen

- generating functions la strongly unimodal

sequences ( Bryson ,
Ono

,
Pittman

,
Rhoades )

- expressions related to radial limits

ol mock Theta function)

( Folsom
,
Ono

,
Rhoades /

( Kim
,
um

, Lovejoy /

( Folsom ,
et al )



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen 6kg) fu

we have two series

ocgi
-

- HI
,
q
" """Taeyang - - City)

= leg, - aft 2g? - 2gY-cq5.iq
"
-
-

•
*

code 227
,

c-' '
" guilty, an;) - - - a -of"' )

= - 2g-29,2 - 243+247+2got -
Recall

6cg,7
= gap is C- 4 , gig ) -g g. is .31-9,3 , g

"

, g)
•
* 4.1 = -qq.rs/q7g9q4-q3ginslgTgYg )

gaincnn.gl:-. ! e-its;sgakkbvs.cat



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen 6kg) fu

we have two series ( rewritten)

sign it Eoc- y
"

g
""
a -
g.la

-oil . - - Ci-yal can
• *cqk-zfz.gr

"
a -IK -gil - - A-gal CBs

- Right -hand side ol bothe series convergeslqkl
-

k k u u l l

make sense when q is a
root of unity

Fact Define - and • * at roots of

unity by CA) t ( Bl
.

Then olqk - o
* (g-

' /
far
every root of unity q .



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen 6kg) fu

we have two series ( rewritten)

ocgr-it-Ioc-yngn-ua-qla.gl . - - Chica,
• *cqk-zizog-ua-gk.gl - - A-gal CBs

Fact scale -5
* ( g-

' ) for all roots of curly ox
Examples of=L

ice) =ltl=2
,
5*14 = - 2

of = - l

GC- t ) e It C- it t - C-y
'

(z ) = - 2

•
*C-4 = - 2 C-Y '

- 2

Nw) = - 6*1 at) = 2.web w4wtl -O

-Heil = - 6*17 it = F Zi -4 i'= - I



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen 6kg) fu

we have two series ( rewritten)

sign it ⇐trig,"" a-q.la-oil . - - Chica,
• *cqk-zizog-ua-gk.gl - - A-gal CBs

The quantum modular farm

Define 7cal : ④ → E by
Text : -

q
""

@ cyl = - q'
'"
o
* ( g-

' )
, ×eQq=e

""

-
• equality follows from Fact

• numerical observations

- ful is very erratic
- hw : -⇐11¥. . ) - e

"" ""
fan

appears smooth ar Cd for Xf -
'k



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen Ngl fr

we have two series ( rewritten )

ocg.ie It Ioc- ing"" a- g.la-oil . - - Ci-yal can
• *cqk-zfz.gr

-"
a -IK -gil - - A-gal CBs

Pyth h (Zager Lg l )

text e -- q
""

sad = -

q

""

o
*

Cq
- ' l

we plot the real part of fact far

rational x E El ,7
,
1. IT with the denominator

of x E (ou .

→ talk thru python code

→ we see fix) is very erratic
→ compare plot with Zager fig 1 Real { 1mg
→ feud more Lns { plots .

(no one does plots)



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen 6kg) fu

we have two series ( rewritten

ocg.ie It Ioc- y
"

g,
""
a -
g.la

-q4 . - - Ci-yal can
• *cqk-zfz.gr

"
a -IK -

g
" ) - - A-gal CBs

PME (Zayre Fry 2)

Text : -- g.
""

req) = -

q
Yue* ( g-

' )

h"" 4¥
.
) - e
"" Mega ,

→ talk thru python code
→ we see hail is smooth a Cd except at x=- Yz
→ compare plot with figure 2 Zager
→ find more fu , § plots



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen 6kg) fu

we have two series ( rewritten

ocg.r-it-Ioc-yngn-ua-qla.gl . - - Chica,
• *cqk-zfz.gr

-"
a -IK -

q
" ) - - A-gal CBs

PME (Zayre Fry 2)

Text : -- g.
""

req) = -

q
Yue* ( y

' ' )

h"" 4¥
.
) - e
"" Mega ,

Fact ( Zager )

The fu f : Q → & satisfies

Texel) =eZ
" it 24

pg ,

where hill -se is C on IR

and real -analytic except also = -
'
k



I ) intro to quantum modular farms
Andrews

,Dyson ,Hickerson ,
Cohen 6kg) fu

we have two series ( rewritten

ocg.ie It Ioc- y
"

g
""
a -
g.la

-q4 . - - Ci-yal can
• *cqk-zfz.gr

"
a -IK -gil - - A-gal CBs

"

leaking thru the rational numbers
"

Hagler )

era, > = { of
""
sky) z E HI u Q

- q'"Yo * af't teHiu Q
Hl e { 2- e El lmao} HI

-

= { ZE E llmao }

Lrs analytic in both HI , Itt
-

and is

C
•
on any curve passing vertically

through a rational pt .



UI) Radial Limits of mock Theta function >

Ramanujan 's Last Letter to Hardy

man -E
.

" affiant," - -
= leg, - 242+39,3-344+345 e -

- certain asymptotic properties as q approaches

radially a root ol curly
- similar to Theta Tus but not theta fu,



UI) Radial Limits of mock Theta function >

Ramanujan 's Last Letter to Hardy

man .- E
.i.ua#i-ia.:Iaire-=ltq-2qZt3q3-3q4e3y5e

-

- for
every root

of unity 3 there is a Theta Ln 031g)
such that the difference lcgl- -0g Cq ) is
bounded as

q
-33 radially

- there is no single Theta Ln that walks farall 3 ,

he
,
for every

theta fu 0cg ) there is a root of

unity 3 far which Tlgl-Olg) is unbounded
as q

-73 radially



UI) Radial Limits of mock Theta function >

Ramanujan 's Last Letter to Hardy

man -E
.

" affiant," - -
= leg, - 242+343-344+345 e -

bcg.li
-

- NII Cl - gu-Y' Ctg) = Tip IT ,

Ramanujan's Claim :

As q approaches a root of unity of order 2k
the difference Lcql - C- elk big) is
absolutely bounded

ar

qq.1-c-ykh.iq/--OCll



UI) Radial Limits of mock Theta function >

Ramanujan 's Last Letter to Hardy

man -E
.

" affiant," - -
= leg, - 242+343-344+345 e -

bead :-c II
,

Cl - gin
- '141-yn ) - Tiz IT ,

Thou ( Folsom
,
Ono

,
Rhoades/

if 3 as a primitive even order 2K root olumty
then as q approaches 3 radially within the
unit disk we have

him Tig, I - c-4
"

blog)
q-55 K-I

- -4 -214351434! - o de 3723
""

n=j



HI ) Radial limits of mock Theta functions

what radial limits have to do with

quantum modular farms

of:3,flat
- G)

"

blqk - he31445114555"

mockI - mud form = q Mf

x#
Mock mod forms

• a

c-
quantum
modular

- - a a- a e-
-
- - farms

false theta functions htt
-

FOR
,
Folsom Ono Rhoades



UI) Radial Limits of mock Theta function >

Ramanujan 's Last Letter to Hardy

man . na.÷%¥÷¥ - -
= leg, - 242+39,3 -3q4e3q5e -

Folsom
,
Ono

,
Rhoades Theorem as a

special case ol a mare general
relation between generating functions
for the rank and crank

.

Proof involves weak harmonic Maass farms

and mock modularity
Here we will give a q

- series proof
due to Wadem Zudekn



UI) Radial Limits of mock Theta functions

Zudihu's Proof of Ramanujan 's claim
- discovered that all necessary ingredients
for the proof are found in
Ramanujan's Lost Notebook

- main ingredient is a bilateral q- series

with mock modular behaviour .

Consequence
- one can use the heuristic to create

bilateral
q-series from unilateral

q
- series .

- with new bilateral q
- series are can

produce new radial limits for

mode theta functions .



HI ) Radial Limits ol mock theta functions

Fran RLN

¥
,

a-
"' b-na%4a.g.me , I -albian

=
C- ago igloo - f-b ,
-

j
- g) m (a lb , q .

-b )
blqlootqlbl-

want to write LHS as sun ol two unilateral

⇐ a
-n-' b-

" q%ya
; ghee C-oxlbjgln

← I a-"' b-" g%ya; g.me , GibranN=-no

cat
-n
= c-una

-

ng
" "-""

ycgdaig.lu



HI ) Radial Limits ol mock theta functions

Fran RLN

II a-"" b-na%4a.g.me , I -albian
=

C- ago igloo - f-b ,
-

j
- g) m (a lb , q .

-b )
blqlootqlbl-

↳
want to write LHS as sun ol two unilateral

⇐ a
-n-' b-

" q%ya
; qheefoxlbigln

N n

- E C- a gjqln- it-big) ng
n= 1

NEIL
,
n-E.oa-n-b-ngn-ltyasg.lnaitxlbig.lu

rt I
• Cub) II

,
C-aqo-qlnl-bqsg.lu q



E) Radial Limits ol mock theta functions

make substitution a-S - Yw b -S - w

nE.o://wq.qiwsg.lu
- a-WEI Cag , qcwiylnq

"

= IHwrglgjcwig.IM/w7q ,
w )

w Cgl, cqlwiy.la
Recall

.

Mckey ,-21=5'mGE
'

,q ,E
' )

a

Z q

"

hug , qlwigdn
neo

a net
+ a- w) Ctw

' ) -2 Cwq , oylwjqlug,NEO

⇒twljlwjqlmlwqiw
" )

set w = - I



HI ) Radial Limits ol mock theta functions

Rlwsq) e Cl -wth-

w-YUCwjg.7-a-wljluf.iq/m1w7q,w-YRkuigk-Io9Y/gw.qlw
sigh
net

ucwsqt-I.ocqwiqlwig.tn q
( et w = - I

RI -Cig) = That
net

UC- liql = En! C- qig.lu q
teal -ME!-gighg

"

'=2Fmay .- it
starting to look likeFoRres
FOR RHSis terminatingversion of



II ) Radial Limits ol mock theta functions

f- 4,1 HEIL-qiqlnq"
'

-2 mary, -e)

-
terminates when q→

3
,

3 primitive root of order 2K
'

o

cus Tae 325 . - lie555"

because le 3
"
=O

"si - E. x%⇒iE4¥i;÷÷⇒ . -

legal blows up when

q→ 3 ,
3 primitive root

order 2k
.

Q: what do we do with me liq ,
-it???

A : Two more identities found in Lost Notebook!



E) Radial Limits ol mode Theta functions
*'

tqxunotqiylnq"=E¥maq,

- it

A) E high
-

G. iglu =mcx.q .-he JI
NEO-

C-xiyluxitglxigln Zjtxig)

⇒ a ""'

x
-

- I

a) in.ci/Gig4n#q=m99a-il-i 2-For
B) ZE c-5g

"-""

cgigln = mug ,

-it - JI
NEO
-

C-gig) ne,
2Fool

AHA !



I) Radial Limits I made theta functions

Rewrite Ct) with A

eca.hu?2oc-aigdiq
"

¥÷l
Rearrange

een - C - Enif.io#.I..oe.ign-GciIh
I C-giig.li
L

•
Ntl

b ! -4 -2 C-graying
neo

if
q -s 32k primitive 2K root of unity

k even both RHS { LHS have problems
K odd things look promising.



IT) Radial Limits of mock Theta functions

and - C- if
.

) - IT
,aigYG
•

4,7445
- u -2 Caring

" '

nZO

q→ 312k primitive root ol unity K odd

=

toy
,

' → O one can show

EI-igikog.tn/q..gyiLute-IjC-g;ghigYbnEo'
atstats't -Kitty"

FOR 2K
,
k add

i.Is .! "al
-"
" hike) -- -n'Etsislight'

k even use CB)



II) Radial hunts ol mock theta function
- the bilateral series was key to Zudella's proof
- given a unilateral series EIC Cnlq

"

can we complete it to a bilateral series?

- once we have the bilateral series
,
can

we obtain more radial limit results ?

Answers aveboth
'

Yes
"

we use the heuristic

mcxcgaztr-oc-ur.iq
- CRE )



E) Radial Limits and mock theta functions

completing a unilateral series loa bilateralseries

E. * C-ftp.g/n--mcx,q-it
neo
-

C- xig.tn#C-9dxiqln
what is

- 7I c-in Gigi)n = .

n= -N
-

C-xjqluectqlxig.lu

or what is
- l

E c-u
"

cqiqln
-

re-- C-xsqlneil -414474
-

Atl

= ( Itf) I C- Nx ,
-xyig.lu g

n
- o
-

(gig) htt\
and swift n -' neluse (a) ← n =

- - -



HI ) Radial Limits and mock theta functions

completing a unilateral seriesto a bilateralseries
hint : 2-otaku's bilateral

.

Tw E://hy.iq/wiyh--ttw9siaialgslwiql
special expression involving M 's

Cl -w
-Yulwig) = - l - uugzlwiqltslwigmlwqiu)

JT
so a

*
c-if cqiyhI = mcxcq ,- l)

neo
-

C-x) ne, C-qlxln
assume
a net

at # I C-XX -Xlxiglng = - m CK q ,Z )
neo
-

fado. =
d
'459,4 ne,

or Text = -mcxcqit )



IT ) Radial Limits and mock theta functions

completing a unilateral seriesto a bilateralseries

text :'-(HIKE
, txgioxkig.lu/-tlqjqln-y

Assume TCH = - M Cx
,q, 7 l

T Cqxk -M ( qxcax , Z )

= - Cl - xmcxcq.tl I
= - I txmlxcqitl

9 (qxltl -xfcxleo
Is the> true? No !
Numerically we have
9cg x) et - xfcxk f j I

Jyz

Assume I is true
.

Iterated & see what heuristic tell us.



HI ) Radial Limits and mock theta functions

completing a unilateral seriesto a bilateralseries

text : -- CHIIIItxgioxkig.lu?i-11qjqln-yTcqxltl-xlCxt--
¥ I 7)

J-iz

x -s oxlx

text = - it # it It + ¥44.1
iterate 's use jcqnxo.gl -⇐55

" !if lxjgl

earn -E.aixrg,
- '"" '

+ it ' Enix;-""'
TCH = -ml x ,q , *

I

+ 11¥91 mix? g? * I tthela



HI ) Radial Limits and mock theta functions

completing a unilateral seriesto a bilateralseries

text : = He#III txgioxkig.ly?t11qjqln-y
turns out

text = -mix
,girl t mix

,girl

- xIy÷icxiHiGI
jGiri

' )

{ Bailey Technology

in :÷÷÷::÷i:: I
can proceed as in Zudekn 's Drool far
more radial limit results .



HI ) Radial Limits and mock theta functions

completing a unilateral seriesto a bilateralseries

text :'-(HI III.txgioxkig.ly/1qjqln-yJinfCxl=qfs.znCg7-qaiq)

fan , cxm.qt-ilyiqlmcqxkiiqy4-cjlxiglnl-qylx.ge XI
singularities in del ol Mckay , 2- I

need to use

mcxcq.it ,km Cxcq , Zo)

+ to J ? j ft , Hoig)jlxzoZ.iq/jCtoiqljCZeiqljGctojqljlxZcjql



HI ) Radial Limits and mock theta functions

completing a unilateral seriesto a bilateralseries

E 't e-eicqiyln
n= - co -

C-

xlu-yc-qlxjqlu-itfifdmlaiq-d-afqicaigdilg.at#
jcay.ci

' )
- o -

a net

E. * ticqiyh + (HII-2C -xga-oxlxh.at
NZ o - -

C-xlneicexlxlu no Cqiqlutl

=it÷.im/a9q7-il-afIilaiglicqaeig4l
instead anotherw
#z

.

""og
" )

"txt g.
" '

↳zu
ME

-

=-mlxiqig)
Cqx ,qlxjghti

mlxiqa.fm/Xiq.zolt7oJi31ki/ZoiqljlxZoZijg.)
-

jhojgjczijgljlxzojgljlxzijq)



HI ) Radial Limits and mock theta functions

completing a unilateral seriesto a bilateralseries
(

Sulu
,
- yl :II! c- 'i' l9iI%w

;glue, fgdwigln

Them Lf 3 is a primitive even order 2K root

of unity then as q approaches 3 radially
with the unit desk

¥3 ( snail
-'÷? - EI )

= - z 5
"
I-353754355kt ,Neo



Summary
1) Hecke - type double-sums typeI symmetry
and false Theta functions

gain '"HI : =!}
.
¥
.

)ui"x;g.
Kit bracket

8431cg ,gig,I = II feign
"""2

II) intro to quantum modular farms
- definitions

- python plots to demonstrate behaviour
- Andrews

, Dyson ,
Hickerson

,
Cohen 61g) Tn .

II ) Radial Limits of mock theta functions
- Zudehn's proof
- use ol heuristic to obtain

more results on radial limits .
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Next time

- mock modularity

- quantum modular Forms

- modular farms


