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a(i)
| K L = =1 =K =L
I I B | L = = =K -L
J[Jd =l L =K = I -L K
KK =L -1 J -K L I =J B& Give BS for 30 (bold) entries
6 |correct
LIt K =34 -L-KJ | Give B4 for 24 (bold) entries
|-l =) -K -L I J K L correct
Give B3 for 18 (bold) entries
-J|=J I -L K J -l L -K correct
-K|-K L 1 =3 K -L -1 2 Give B2 for 12 (bold) entries
correct
LK L K o-a Give B1 for 6 (bold) entries
correct
(ii)
Etlerne I3 KL A4-J-K- B3 Give B2 for six correct
3| Give B1 for three comrect
Invers | 1 -J -K -L -1 J K L
g
(iii)
Etlerne I 3 KL dd-K-4 B3 Give B2 for six correct
3 |Give B1 for three correct
Order (1 4 4 4 2 4 4 4
(iv) |Only two elements of G do not have order 4;
so any subgroup of order 4 must contain an
element of order 4 M1A1
A subgroup of order 4 is cyclic if it contains
an element of order 4 B1 (may be implied)
Hence any subgroup of order 4 is eyclic Al For completion
4
OR If a group of order 4 is not cyclic,
it contains three elements of order 2
B1
G has only one element of order 2; so
this cannot ocour M1A1
So any subgroup of order 4 is cyclic A1
(v) |11, -1} B1
11,1, -1, -1} B1
K, -1, -K |} B1
i1, L, -1, -L} B1
B1 For {1, -1}, atleast one

i

correct subgroup of order 4, and
no wrong subgroups. This mark
islostif Gor {1} isincluded
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4 (i) |By Lagrange’s theorem, M1 Using Lagrange (need noi be
a proper subgroup has order 2 or 5 Al mentioned explicitly)
A group of prime order is cyclic M1 or equivalent
Hence every proper subgroup 1s cyclic Al For completion
4
(i) |eg -4 2'-g 2'=5 2 =10, M1 Considerning order of an element
6 T B 9 0 _ Al Identifying an element of order 10
27=9 2 =7, 2"=3 2"=6, 2 =1 (2. 6, 7 or 8)
Al Fully justified
2 has order 10, hence M 1s cyclic Al For conclusion (can be awarded
4| after MIALAD)
(iii) | {1, 10} Bl
11,3, 4,5, 9} B2
3 |lgnore {1} and M
Deduct | mark (from B1B2) for
each (proper) subgroup given in
excess of 2
(iv) |E 1s the identity Bl
M1 Considering elements of order 2
for equivalent) Implied by four
of B, D, I, H,.J in the same set
A, C, G, 1 are rotations Al
B, D, F, H, I are reflections Al Give Al if one element 15 in the
4 | wrong set; or if two elements are
interchanged
(v) |F and M are not 1somorphic Bl
M 15 abehan, F 1s non-abelian Bl Valid reason
2| e.g. M has one element of order 2
F has more than one
(vi) A/B|C|D|E|F|G|H|I
Order 5 2 5 2 1 215 2 5 2 B3 Give B2 for 7 correct
3 Bl for 4 correct
(vii) Ignore {E} and P
Subgroups of order 2
M1 Using elements of order 2
(allow two errors/omissions)
{E.B}{E,D}L{E,FLI{E . HLI{E, I} (Al Correct or ft. A0 if any others
given
{E,A, C,G,I!} B2 cao Subgroups of order greater than 2

4

Deduct 1 mark (from B2) for each
extra subgroup given
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4 (i) |Commutative: x+y=y+x (for all x, ¥) B1 Accept e.g. ‘Order does not
Associafive: (x+y)rz=xe(yez) B2 matter
(for all x, ¥, 2) 3| Give B1 for a partial
explanation, e.g.
‘Position of brackets does not
matter’
(ii) 2tx+%b{_1'+%l—%:3.1'_1.'+.r+_1'+%—l: . .
- Dyp iyt ympey B1ag L Intermediate step required
(lii)}A) [If x, ve § then x>=%+and y>-1 M1
red=0 and y+d=0, so Hx+dhy+d)=0 Al
2tx+%b{_1'+%l—_—l}—%,50 x*ye § Ad
3
(B) |0 is the identity B1
since Dex=0+r+0=x B1
If x2 & and x*yv=0 then
Ly xty=0 M1 of Hx+4)(y++)-4=0
-
Ty Al m}-+§:4[.r+i'}
NI - i -l
1+3_2[2.r+|}}ﬂ (since x=>-1) M1
SO ye§ Al Dependent on M1ATM1
5 is closed and associative; there is an 8
identity; and every element of 5 has an
inverse in 8
{i”] fxvx=0 I +xex=0 K1
=0 or =1
0 is the identity (and has order 1) Al
-1 is notin 8 Al
3
(v) |4+6=48+4+6=58 B1
=56+2=Tx8+2
S0 406=2 B1 ag
2
(vi) [Element | 0 |1|2| 4 (5| 6
B3 Give B2 for 4 correct
Order 1|6/6)3 (3|2 3 B1 for 2 comect
(vil) [i0}, @ B1 Condone omission of G
10, 6} B1 ..
(0, 4, 5 B1 If more than 2 non-trivial

(7%

subgroups are given, deduct 1
mark (from final B1B1) for each
non-trivial subgroup in excess
of 2
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4@ [InG, 3*=2, ¥ =6, 3" =4, ¥ =5 3" =| M1 All powers of an element of
[or 53 =4, 5% =6, 5%=2, 5°=3, 5°=1] order &
InH, 5*=7, 5 =17, 5 =13, 5 =11, 5* =1 Al
[or 112 =13, 1P =17, 11* =7, 1P =5, 11° =1 All powers correct in both
] groups
G has an element 3 (or 5) of order 6 E]
H has an element 5 (or 11) of order 6 4
(ii|{1. 6} B1 Ignore {1} and G
{12, 4} B2 Deduct 1 mark (from B1B2) for
3 |each proper subgroup in excess
of two
(i) |6 H G H
1« 1 I & 1
7 ey T 7 e 13 B4 s 23;*:; 33 for 4 correct, B2 for 3
1es OR 3ol B1 for 2 correct
4 e 13 4 7
5 e 11 5 5
6 o 17 6 = 17
(iv) | ad(l) =a(3)=1 M1 Evaluating e.g. ad(l) (one case
ad(2)=a(2)=3 sufficient; intermediate value
ad(3)=a(l)=2,50 ad=c must be shown)
Al For ad = ¢ correctly shown
da(l) =d(2) =2 M1 Evaluating e.g. da(l) (one case
da(2) =d(3) =1 sufficient; no need for any
da(3)=d(l)=3,s0 da="f A working)
4
(v) |Sis not abelian; G is abelian B1 or S has 3 elements of order 2;
1| G has 1 element of order 2
or 5 is not cyclic etc
(vi) [Eleme
nt albjejdjelf B4 Give B3 for 5 correct, B2 for 3
4 |correct,
DrdEI‘ 3 3 2 2 1 2 B1 fDr 1 Gnrr‘ect
(vii) | e, ¢}, fe.d}. {e, f} B1B1B1 |Ignore {e}and S
fe. a_ b} B1 If more than 4 proper subgroups

4

are given, deduct 1 mark for
each proper subgroup in excess
of 4
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4 (i) X
((x ) %1t
st{x)=s| — |=
(x) = lJ " M1
x=1
- 1 1
) Lo Al (ag)
X X
x—1
xa-17
:sixl—t[—;— 1 M1
-1
L X g X —l.
b
-1
X =1-x=q(x) Al
(x—1)—x
(i) P q I 5 t u
P P q I 5 t u
q q P s r u t
I r u P t 5 q
] s t q u r P
' L s u q P r B3 Give B2 for 4 correct, B1 for 2 correct
u u r t ] q 5
(i) |Element |p g |r|s|t|u )
B3 Give B2 for 4 correct, B1 for 2 correct
Inverse | p | g |r |u]t|s
(iv) |{p}. F Ignare these in the marking
{p. q}, {p. rh {p.t} B1B1B1 |Deduct one mark for each non-trivial
Y o Bl subgroup in excess of four
{p,s. u}
™) | Element| 1 -1 | 7| . ‘_.:.vf i ETJ
B4 Give B3 for 4 correct, B2 for 3 correct
Order 1 2 b 6 3 3 B1 for 2 comect
(Vi) |2l-2 2%-4, P-p =16 27=13 =7 M1 Finding {at least two) powers of 2
27 =14, 2" =9, 2° =18, 2" =17, 2! =15, 2¥ =11 | A1 For 2° =7 and 2° =18
29 =3, 2% =6, 2% =12, 2% =5, 2 =10, 2% =1
Hence 2 has order 18 Al Correctly shown
All powers listed implies final Al
(vii) |G isabelian (so all its subgroups are abelian) Can have “cyclic’ instead of ‘abelian’
F is not abelian B1
(viii) | Subgroup of order 6is {1, 27, 25, 2%, 212 25} M1
ie {1, 7, 8 11, 12 18} Al or B2
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Bz Give BI if mot meore than 4 errors
4 4 1 5 9 3
5 5 4 9 3 |
9 @ 5 3 | 4
Composition table shows closune Bl Dependenr on B2 for rable
Identity is | Bl
Element | I 3 4 5 @
Bz Give Bl for 3 correct
Inverse | 1 4 3 9 5
S0 every clement has an inverse
Since 5 is prime, Bl
a growp of order 5 must be cyclic Bl
Two eyelic groups of the same order must be
isomoiphic Bl
H | réﬂ e -:%T' ..:%T'
L] 1 3 Q 5 4 )
Bl For | +=1
ar| 1 4 3 9 3
Bz For non-identity elements
a1 5 3 4 9
a1 b + 3 5
Identity is (1, 1) El
Inverse of (9, 3) is (5, 4) Bl
(x, ¥IF =(x*, ¥) M1
Since (7 has order 5, x° =1 and »* =1 M1
Henee (x. v)¥ =1, ) Al fag)
Owrder of {x, ¥} is a factor of 5 (50 muost be 1 oe 5) M1
Omnly identity (1, 1) can have onder | Bl
Henee all other clements have order 5 Al (ag)
O, . 9. 3%, 4. 9. {3, 5. 05, 4 B2 Give Bl it for 5 elements including
(1), (9, 3), (5. 4)
Amn element of order 3 generates a subgroup, and so
can be in only one subgrowp of order 5 M1 Or for 244
O listing at least 2 other subgroups
MNumber is 24 +4 =6 Al Crive 81 for unsupported arswer 6
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(i) Pl1 5 71 11
1 1 5 7 1
5 5 117 Bl
7 7 11 5
1|11 7 5 1
Table shows closure Bl
Identity is 1 Bl
All elements are self-inverse Bl Condone no mention of inverse of 1
_ 14]
(i) o 'x ™ M1 or (y"'x "))
= .'L‘(_lj.-‘_] ]_1"] =xex '=xx'=¢ El
So y'x7! is the inverse of xy
12]
(i) atl=a, b '=b, ¢ =c, e =(ab) =b7la! M1 For any one of these
Hence ¢ =ba El
12]
(iv) be = b(ba) MI Orba=c = a=b"'¢ Any correct first step
bc=ea=a El
ac=alab)=eb=b El
ch=a, ca=b Bl
[4]
(v) Re a b ¢
ele a b ¢
ala e ¢ b Bl
Blb ¢ e a
ele b a e
R is closed M1
Hence R is a subgroup El No need to mention identity or inverses
Same pattern as ; hence R and P are isomorphic El Dependent on BI {only)
[4]
(vi) Eleme - -
nt 4 B ¢ D E F G H B3 Give B for 3 correct: B2 for 6 correct
Order [ 2 2 2 2 1 4 2 4
13]
(vii) Ignore { E'} and T in the marking
Deduct | mark (from this B2) for
{E, A}, {E.B}, {E.C}, {E.D}, {E.G} B2 Give B for 3 correct each subgroup of order 2 given in
excess of five
LE, F. G, Hj Bl Deduct | mark (from this BIB1BI)
{E, 4. B, G} Bl for each subgroup of order 3 or
1E, C, D, G} Bl more given in excess of three

151
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(@) | (i) | Identityis e | Bl
Element | @ b ¢ d e [ g h -
Tverse | b o ¢ g e b d [ B2 Give B1 for four correct
[31
(a) (ii) M1 Finding powers of an element At least fourth power
Al Identifying o (or for g or k) as a generator Implies previous M1
d?=a, di=c Al or f*=b, fi=c
org’=b, g'=¢
orh*=a, h'=c
Hence d has order 8, and G is cyclic El Correctly shown
[4]
@ |G| #H[ 0o 2 4 & 8 10 12 14
G| e d a f ¢ h b g B1 For e«>0 and c <> 8
or e r b d ¢ g a h Bl For {d,f.g.h}+1{2,6,10,14} In any order
or € g b h ¢ f a d Bl For a fully correct isomorphism
or e h a z ¢ d b N
[3]
(a) (iv) Or (4) reflections (and 180°
Rotations have order 2 or 4 Correct statement about rotations and/or mtauon} I.mve ouder 2 .
. Bl . P Or composition of reflections (or
Reflections have order 2 reflections which implies non-IM . P
90° rotation and reflection) is
not commutative
There is no element of order 8 Or More than one_elerrmnt of order 2
Or Not commutative
Hence not isomorphic El Fully correct explanation Dependent on previous B1
[2]
(b) 0] x
£l (x)= L+ m; M1 Composition of functions In either order
1+m
14 nx
x x .
= PR = 1+ (mtn)x =f (%) El Correctly shown EOQ if in wrong order
[2]
(b) | (ii) Ent)p =finfp = Foinip M1 Combining three functions
fm(fnfp) = fmfn-p = fm+n-p
¢ c o <h MI1E1 bod for
Hi 5i iati El ctly i
ence § is associative orrectly shown (fmfqup _ fnr+!1+p =fm[fnfp]
[2]
(b) | (iii) | Forany £, , f, inS, £, =£ M1 Referring to this in context
f,f, isin§ (so §is closed) Al
Identity is fg Bl BOforx Blforn=0
Inverse of f, is f_, Bl
since f.f  =f,_, =1, Bl
. . . Closure, associativity, identity and inverses .
5 is also associative, and hence is a group E1 must all be mentioned in (iii) Dependent on previous 5 marks
[6]
() | Gv) | {f,, } forall integers n B2 Or {fy, }.etc
Give Bl for multiples of 2 (or 3, etc) but not
completely correctly described eg tfo, £, £y, £5, o}
[2]
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(@

(a’b)’ =a’p® =a*

M1 Finding one power
(a’b)* =b, (a’b)* =a?, (a°b)’ =a’b
(sz)ﬁ —e Al Three powers correct
" Y der 6 El Fully correct explanation No need to state conclusion,
ence a as order y P provided it has been fully justified
131
(ii) e a’ b a
e e a’ b a’b )
o 2 e b b B2 OGr;viEs]iBOIHZQr no more than three errors or
b b a’b e 3
ab | a’b b a’ e
The set is closed; hence it is a subgroup of G B1 ‘Closed’ (or equivalent) is required
131
(iii) 3 3 . Deduct one mark (out of B2) for
te.a’} {e, b} {e, ab} B2 Give B1 for one correct each set of order 2 in excess of 3
{e, a*, a*} B1 BO if any other set of order 3
{e,a, a,a, a' a} Bl
{e, a’b, a*, b, a*, a’b} B1
5 Deduct one mark (out of B3) for
23 4 5
te, ab, a°, a’b, a°, a’b} B1 each set of order 6 in excess of 3
No mark for { e }. Deduct one mark (out
of B6) for each set (including G) of
order other than 1, 2, 3, 6
16]
(iv) 117 =31, 17 =71, 11" =61, 11° =41, 11° =1 L
) 3 B M1 Finding at least two powers of 11 (or 17)
17° =19, 17° =53, 17" =1
11 has order 6 Al
17 has order 4 Al Either correct implies M1
19% =1; 19 has order 2 B1
[4]
) M1 Selecting powers of 17
{1, 17, 19, 53} Al | OrB2for {1, 37, 19, 73}
[2]
(vi) | (A) | Taking a=11, b=19 B1 There are (many) other paossibilities
1,11,11,...,11°,19,11x19,11° x19, ...,11° x19 M1 Finding elements of G using their a, b
{1,11, 31, 71, 61, 41,19, 29, 49, 89, 79,59 } Al
ie. {1,11,19, 29,31, 41, 49,59, 61, 71,79,89 }
[31
(vi) | (B) M1 Reference to group in (ii)
1, 113, 19, 11*x19 M1 | Finding group in (ii) with their a, b
{1, 71, 19, 89} Al

[31
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(a) (i) 3%(9*11) =3*3=9 B1 Group table
(3*%9)*11=11*11=9 B1 1 3 9 11
) ) 1/1 3 9 11
Construction of group table (or otherwise): Bl .
is:3(3 9 11 1
It shows closure, B1 9(9 11 1 3
the identity is 1 B1 11111 1 3 9
each element has an inverse
37=11,9"=9,11"=31"=1 B1
[1 [3 [9 11 | -
(ii) Element [1 [3 |9 |11 B
Order | T Ta | 2 | 2 | B2 1 each error
(2]
(iii) {1} {19 {13,911} Bl Condone omission of trivial BO if any extras
subgroups
3]
(iv) [eg 3=9 3=11,3"=1
L . El
3 generates the group and so it is cyclic
(1]
(b) Composition table:
e a b ab
efe a b ab
ala e ab b B3 —1 each error
bib ab e a
ablab b a e
All elements are self-inverse, and so no element generates the El
group
(4]
(c) In group G all elements are self-inverse M1
Le.X"=LY =landZ’=1 AlAl
So this group is isomorphic to the group in (b) Al Correctly shown
eg loe Xoa Yob Zoab B1B1
(6]
(d) One of the elements needs to be the identity element. M1
It is neither p nor q for otherwise p°q = p (or q) Al
1t is neither r nor s, for otherwise p®q=q"p=r(ors) Al
So there is no identity element and so not a group El




