
Problem 1
a

---a) Tiph can be written as ~ b
,

which is homotopy equivalentb - -

-- -

a
a

tobm" - b = Ca , xr(Tiph) = m , ($-$) = a * b
g

a

b) By the same argument ,
r . (Kiph) = or = (r* b = a * # b

c) Let U = Thph , V=B(p,
E)

,
a small disk around p ,

then U
,
V

,
UnV are

path connected
,

so we can apply the Seifut-van Kampen therev .
Since

V is contractible and UnV is homotopic to $5
,
the theorem says that

~ (T) = 2, (u) *
m

, (u>M, (V) =
E - (4)

(yx)
when y in the image in r , (4) of the generator of r , (UnV)

,
and

(8) devotes the smallest normal subgroup containing J.
a &

7 S
---

The homotopy I .
↳ ab sends y

to aba-t
,

and 20ar ↳

> -
&

a a

2 a * 2b
r . (T) = EXa Xb

(a ba-

b
- x)

Following the same procedure ,

mn(k) =

(a* b

abab")

d) v, (T) is already abelian
,

and the abelianization of r
,
(K) is

2a + 2b

(a+ b +a -

b)

Problem 2

Let Jer,
(X

,
x) be upresented by g

: [0
, 1] <X

.
Then f(r) is me

presented by fog. Therefore,
↑y(f+ (2)) = [fog) = f

x ([g]) = f
x Px(v)



Problem 3 :

If f ,g are two homotopic maps ,
the following is a chain homotopy

of complexer :

&z
2 ,

-- <C2(X) C
. (X) <Co(X) EZ 0 ....

P Po ⑧

92 fa 9
--

fr
go fo id ic

L 8 ,
W 2 L E

v
- -

-- ·C (4) <Co(Y) > 3 O -
- - -

where Pis the prism map defined in the lectures

Problem 4 :

Give the names j . q to the
maps

Al , B' and B C
, espectively

Defining the maps :

Jas. One needs to check that f(a) = 0 =· : Ker (f) >Ker (g) : a 3
&

=> 0 = if(a) = gj(a) = j(a)tkeg

· p : Ker (g) > Ker (h) : bil < p(b) .
Same check

· 2 : Ker (h) <coken (f) : cl <a + im (f) if T be B'st
. p(b) = c'and

g (b) = i (a) .
Existence of ouch an a : Since

p
is surjective,

7b's
.

t
. p(b') = c'

,
and since h()= 0

,

g (b)-Ker (q) = im (i) .
It in well-defined because
-

I

if there are a 1 , az ,
b! such that p(bn) = p(b2) = c

,
b2

udgafthenla f

since i is injective.

· : coker (f) < coker(g) : a+im(f)) <i(a)+im (g) · Our needs to check that
I

if a - az= f(a)(im(f) +hem i(a) - i(az) = g(j(a)+img

· : coker(g) < coker (h) : b+im (g)) <q(b) + im (h) .
Same check

Exactness at Ken (g) : Let b'-Ker(g) [ B1
·

The plb) = 0 iff Ja'e A euck that

j (a) = bl
,

but
any such a satisfies i(f(a)) = g(b) = 0

,
no,

since i is injective ,
such an a' in in Ker (f) .




