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° This is a synthetic homotopy theory talk
.

- Homotopy theory ,
but just w/ universal properties .

° We will use Book Holt throughout .
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- function types Ca: At → Bca )
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- natural numbers IN and induction

Iidentity types ( a = b) and path induction

univalent universes Type
A  ⇒ B- pushouts
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° Reshoots specialize to a number of important
constructions

° Suspension N
° Join A
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° Spheres and Cubes are iterated
pus hoots

see:*men : e÷÷÷e÷
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° Lemma ( Book ) :
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,
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° Tangent bundle
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° Tangent bundle
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° Tangent bundle
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° Tangent bundles of the spheres
- Inductively define %
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- Case n = - I  is trivial
.
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° Crucial lemmas about flip : ENAESAEA # EB
s , - s N
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So
,

from a section s : ( p : 5) → Tp ,
we get

a

homotopy
5 : id = a

But this can only happen if n is odd !



Define BATH ) ( Y : Type) x HY = Xllo

We have T :S "

→ Batts " ')
.

I oriented spheres
Define the Euler class :
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To compute eot ! transpose
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We have a more general approach using joins :

Def : A reflection r : A = A satisfies
r * A

① reflect : A . A IT A * A tie
. to :] 49 'd÷ %That!② ooh : reflect Linka) ) = glue Ca , a )

f-
, nhns

←¥
Det : An A - ortho rsor is

* ¥

① E : E → Type ② O : (e : E) → (

Arteta
E)

I
. .

"
orthogonal complement

"

Construction
: A join for orthorsors :

( E
,
EE

,
o E) Off

,
E

,
OF) : = ( E OF

,
'tEa Fm Ed of

,

"

.  - . )

Tangents arise as ( A
,

0
,

const id ) & n
: Ortho r sor (A)



What makes a sphere bundle a
"

tangent bundle " ?
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What makes a sphere bundle a
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tangent bundle " ?

(
Cx M =

"
M ' Ex 3

"

¢ ✓
IM

'

=
a : x n info



Def : A homotopy pre
- manifold structure on

a type M consists of a push out complement

Tpm pm

! ! cLip I Lash off ' 72
,

daric  ally

* → M
P

of
every point p

: M
,

where Tpm is merely a sphere.
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1

.

I 9%7lapstructure of a homotopy
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Suppose we have
homotopy pre - manifolds M and N

Tp M → Cpm Tao N → CgN
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How can we define a pre
- manifold structure on Mx N ?
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This is a case of the pushout product :
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Suppose we have
homotopy pre - manifolds M and N

Tpm → Cpm

TqN→CgN! 4
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To define a pre
- manifold structure on M×N
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For this to work
,

we need the following lemma :

Given pushout squares
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° Thom class us Euler Class

° Stable normal bundles and Atiyah Duality
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