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T has order 1 since

it's the identity element

--
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T

5 +3 +5= =
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-
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② Vo = E1,
9
,

52
,

92, 9",]
where 9 =e

and Stp /-P
gY formulafor below

-

1 has order 1 since its the identity element

-

9 + 1 92 + / So
,

92 has

25= / (g)" s"
5 /

g = 1 (si= s= 1

order 3 .

3 -
gF 93 #1

So,
93 has

order Z

I has order 6 193= 3=

-
g") 1951:sg:gg# has

1542 g89! 5= 32 71 (95)"= g= 969693=3+ order 6

So,
9 "has order 3

I
s# So

,
&S

(9") = 9= 3: 9= 1 . 1 = 1 (99)4= 978- 969696g2= 97
(95)5= g2 =(g6)" . 3 = 1 . 9 = 9 + /

=93=(g)= 1= 1



& Do = [1,
r

,

r2
, s ,

sr , sol

where r= 1
,
s= 1

,

res = Sk= gr3-k

=-I has order 1 since its the identity
-

↑
2 # I

r1

I (r2= r = r3 . r = 1 - r = w = 1

-

r2 + 1

r3 = 1 (r( = r = r3 .

r= 1 - 1 = 1

So
,

r has
So

,

2 has order 3

order 3-
sr#1

S + 1 Iku= susu
= Syr = 5 . 1 = 1 - 1 = 1

-

s= 1
so has order 2

so , s
has So ,

order 2

-
so 1

(sri)" = Sin = Sar = s 1 = 1. + = 1

So
,

so has order 2
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,
9

,
9

,
5
,

3", 55
,

55
,

973
zi

where 9 = e5= er and =1.

We want (e) = (g)

We have

< 5) = [1,

5
,

5
,
93En
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↳



⑳ IR*= R-503 is a group under multiplication.

(3) = 534/me2]
= E...,

5433,
545', 1

,
3

,
33,33, 33

= E ..., is it ,
1
,

3
,

34
,
333" ... y



⑰
det(s) = det (iv) = 0 . 0 - (- 1)(1) = 1 70

SeG(2, IR)

⑦(b)

S = (i)
s= (iv)(ii) = ( -i)

s = S . S = (i)(i) = (7 % )

s" = s . s = (iv)(ii) = (i) = I

Thus
,

I has order 4 and
-

(5) =

E(i) ,
(i) ,

(i),
(3

·



⑳ Note det (T) = det(ii) = 1 - 0 = 1
.

So
,

TEGL(2, 1)
.

T = (vi)
T= (di)(i) = (02)
T= T . T= (ii)(bi) = (63)
T= T. T

?
= (vi) ( ! i) = (bi)

:katternis Th = (4) when nal

#I = ( : i)
.

So
,

To = (vi)

T= act(di) = ( : i)

T= +
"

+
"

= (ii)(b)) = (6 4)

T= T += (i)(62) = (0 -2)

T
-"

= ++= (vi)(j) = (b
- Y)

·rattern is Th = (4) when so

Thus ,

St) = E..., (b) , (i), ( : i)
, (ii) , (oil . (bi) , (i)...

=E(bY)(n + 23



⑨ Ds = E1
,

r
,
r

,
s
,

so
,
sub

and r= 1
,
s= 1
.

Since r= 1 we know w= rr" = r

Let H = 1,
S
,

sr ,
sr2] in Do

We use a table to show that It is not

a subgroup of Do.

We can stop filling in

the table .

We see that

=>t (sr)(s) = Sus
= Sat

= 1r" = r2kH

Since It is not closed under

the operation .
It is not a

subgroup of Do .



⑱ Do = [1,
r

, wr,
s
,

su
, so so]

and r = 1
,

52= 1 rs = srh
&

Let H = E1
,
ris,

sub]
We use a table to show that It is

a subgroup of Dy.

Example calculations :

~=ssrr= Sre
4⑰t

rtsr=>C(s = S= ssr

(sr(sr2) = Sess
= s- 1 = 1

① LEH

② It is closed under the group operation by the table

③ It is closed under inversion by the table since

(rY" = r -H
,

SESEH,
(sr" Suc H

By D
,
Q, we have that HDs



⑪ Let N = E( : Y)(xERRY

roofthat NEGL (2 ,
R) :

① Setting x = 0 gives (i) EN

② Let A = (% ) and B = ( ? ) be in N

where a
,
bEIR.

Then,

AB = (bi)(Y) = C : **(

which satisfies at belR.

So
,

ABEN .

③ Let C = (b) EN where e.

Then ,
C= (

,) EN because - CER.

By D ,
0, we know N & GL(2 ,

IR

#



⑮ Let H = 52x+ 3y(x,ye2]

#ofthat H **:

① Setting x = 0
, y = 0 gives 0 = 2(0) + 3(0) CH.

② Let a = 2x ,
+ 3y ,

and b = 2 x2
+ 34z

be in I where Xi ,
3 is

X
,
42EX.

Then ,

a+ b = 2x ,
+ 3y ,

+ 2xz + 342

= 2(x , +
xz) + 3(y ,

+ ya)

is in It since Xi+XzcY + Yz**

③ Let c = 2xs + 34s be in # where

x3 , 432 -

Then
,
-c = 2(-Xg) + 3(-ya) is in H

Since - X3 ,
-YzEZ

.

-30, 8, we have He.
H



⑮ H = ExG/x= e] and G is an abelian
group .

#ofthat HEG :

D e= e gives that eCH .

② Let a
,
beH .

Then a= e and b= e.

Thus,

(ab)= (ab)(ab) = abab

= aabb
S

S
since

=
a262&G is

abelian = ee = C

Since (ab)" = e we get that abEH

③ Let CEH .

Then c = e.

So ,
c =

ce

Thus
,

e = ch

So
,

e = (c)
Thus,

C'EH .

y0 ,
0

,
③ we have that HEG.



⑭
① Since H & G we know etH.

Since K*G we know eek .

Thus ,

eHnk.

② Let a
,
beHek .

So ,
atH1k and betnk .

Thus ,

atH ,
aEk ,

belt ,
bek.

Since
H&G and a,bett we

know abelt .

Since KEG and abek we
know

abek.

Thus,

abenk .

③ Let EH1k .

Then
CEH and CEK .

Since
HEG and Cel we

know
Celt.

Since
KEG and -k we

know
Jek .

Thus,-Ank .

By D ,
0, we know that H1k * G.

#



⑮ G is abelian ,
HEG ,

K * G

Hk = [hk) heH, REKY

-roofthat HK * G :

① Since H & G we know delt.

Since K * G we know eEk .

Thus,
e = eeHk .

② Let a
,
beHk

.

Then a = hik ,
and b = hak

Where hi, hn El and Kisk-K.

We have
Since G

ab = hik ,
ha = hihak ,

k ES is abelian
-

Since hiknelt and H*G we know hinzelf.

Since Ki
,
kzEK and K*G we know kketk

Thus,
ab = China) (k ,

Kal CHK.

③ Let ceHk .

Then c = hk where helt and mek .

Since hel and H & G we

know that hel-



Since REK and K*G We

know that k*eK.
formula fromCclass

Thus, Finis
c = (hk)" = k

+
h
+

abelian

S
=

hk" EHk

By D , Q, we
know that HKG.

#



⑮
Dwe know that ey = y-ye

for all

yeG .

Thus
,

etz(6) .

② Let a
,
bez(G) .

Then ay = ya
for all ye G

and by=yb for all yeG .

⑮b
SMyab)y = aby = ayb=

for all yeG .

So
,

abez(6) .

③ Let CEz(G) .

Then
,

cy = yc
for all yet .

So
,

c (y)c = c (yc) for all yet
.

Thus, yc = cy for all yeG .

Hence -z(6) .

By D
,

0 , we know that z(G) * G
.

-


