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You may use results from previous parts in your solutions to later parts without solving them.
Let I be a field throughout.

The set of m x n matrices with entries in F'is M,, ,(F') = M;,x,(F), and also M, (F) = M, ,(F).
You may use any of these notations in your answers.

If Ae M,,,(F), then rk(A) denotes the rank of A.

1. Let D: F> — F* be the linear transformation defined by

Z a+e—d
plel = b—a
d c—b—e
d—c
e

Let G : F'* — F° be the linear transformation defined by

5 s—1
' t—u
G =|lu—r
U
r—S
T
s—u

(a) Write down the matrix of D with respect to the standard bases of F° and F*. (3 marks)

(b) Find a basis for ker(D) and determine dim ker(D). (6 marks)
(c) Write down the matrix of G with respect to the standard bases of F* and F. Find ker(G)
and determine dim(im(G)). (3 marks)

(d) Assume that 2 is invertible in F. Prove that ker(D) Nim(G) = {0}.
[Hint: You may use that ker(D) = {(a,a,a +ea+ee) ae€ F} in case you did not
find it in (b). Furthermore, notice that the sum of the first four entries of G((s, t,u, r)t) is
0, and express the last entry in terms of other entries.| (4 marks)

(e) Assume that 2 is invertible in F'. Deduce that
F® =ker(D) +im(Q),

and determine k(D). (2 marks)
(f)  Now assume that 2 = 0 in F'. Exhibit a nonzero element of ker(D) Nim(G). (2 marks)

(Total: 20 marks)
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2. Let V be the vector space
V = Fla]<s = {p(x) € Fla] | degp(z) < 3},

with ordered basis B = (1,z, 2%, 2?).

Define J : V — V by (Jp)(z) = p(—x).

(a) Show that J is linear and write down its matrix in the basis B. (3 marks)

(b) Define
VE={p(x) e VIp(—z) =px)}, V ={p(x)ecV|p(-z)=—p(x)}.

Show that V™ and V'~ are subspaces of V, and find bases for them (your answer may depend
on whether or not 2 =0 in F)).

Determine dim(V ™ NV ™), and state when Vt NV~ = 0 (depending on F). (7 marks)
Now define D : V' — V by D(p)(x) = p'(x) (the formal derivative).

(c) Write down the matrix of D in the basis B. (2 marks)
(d) Prove that Do J = —J o D. Deduce that D(V*) CV~and D(V~) C V™. (4 marks)

(e) Determine rk(D|y+) and rk(D|y-). Your answer should depend on whether or not 2 # 0
and whether or not 3 # 0 in F. (4 marks)

(Total: 20 marks)
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3.  (a) Let A € M3(R) be given by

3 -1 -1
A=1-1 3 -—-1].
-1 -1 3

(i) Find the eigenvalues of A. (3 marks)

(ii) Find an orthogonal matrix Q € M;5(R) and a diagonal matrix D € M;(R) such that
A=QDQ. (4 marks)

(ii) Find a matrix B € M3(R) such that A = BBT. (3 marks)

(b) Let n > 1. We say that Z € M,(C) is unitary if ZTZ = I,,. Here ZT means the complex
conjugate of the transpose of Z. In other words, if Z = (z;;), then the (i, j)-entry of ZT is
Given four matrices A, B,C, D € M,(R), we may define a matrix £ € M, (R) by formula

A B
e (2 5):
A

We say that a matrix M € My,(R) has property (P) if M = <B _AB> for some

A, B € M,(R) such that the matrix Z = A+ iB € M,(C) is unitary.
Let M € M,,(R) be a matrix with property (P).

(i) Prove that M is orthogonal. (3 marks)
(ii) Let I, denote the identity matrix in M, (R) and let J = <_O[ Ig) € M, (R). Prove
that JM = M J. (3 marks)

(iii) Let J be as in (b) part (ii). Assume that Q € M>,(R) is orthogonal and satisfies
J@Q = QJ. Prove that @ has property (P). (4 marks)

(Total: 20 marks)
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4.  (a) Let o be the following permutation in Si;.

1234567 8 9 10 11
3456 72110 11 8 9/

(i) Find a decomposition of ¢ into a product of disjoint cycles. (4 marks)
(i) Hence or otherwise, find a decomposition of ¢ into a product of 2-cycles. (2 marks)
(iii) Hence or otherwise, compute the sign (or signature) of o. (2 marks)

(b) (i) Let G be a group and let z,y € G. We say that = and y are conjugate if thereis g € G

such that

grg~t =y.
Prove that if we set «x ~ y if and only if x is conjugate to y, then ~ is an equivalence
relation. (3 marks)

(i) Prove that, in the notation above, for all g,z € G and for all i > 1, gz'g™! = (gzg™')".
(2 marks)

(c) Let n > 1 (and let G = S,,). A partition of n is a sequence of positive integers [my, ..., m;]
suchthatn=m;+---+m; and m; > --- > m;,.

If o € S, its decomposition into disjoint cycles (including cycles of length one) has an
attached partition of n, encoding the length of the cycles in the decomposition.

Note that we insist the sequences of numbers in a partition of n are non-increasing, so if
o € S, its associated partition is unique and we can denote it by ¢(c). For example, if

o = (124)(35) = (124)(35)(6) € S5 we have c(c) = [3,2,1].

Prove that o,p € S, are conjugate in S, if and only if ¢c(c) = ¢(p). (7 marks)
Hint: prove that if o = (ajay---ag) € S, and T € S, then Tom™1 = (7(a1)7(az) - - - 7(ay)).

(Total: 20 marks)
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Solutions

1.

(a)

From D(a,b,c,d,e)! =(a+e—d, b—a, c—b—e, d—c), we get
1 0 0 -1 1

-1 1 0O 0 O
D)= 0o —1 1 0 -1
o 0 -1 1 0
Solve D(a,b,c,d,e)! = 0:
b—a=0=b=a, d—c=0=d=c,

a+e—d=0=c=d=a+e.
Then the third equation is automatic: ¢ —b—e = (a+¢e) —a —e =0. Hence
ker(D) = {(a,a,a+e,a+e,e)' :a,e € F} =span{(1,1,1,1,0), (0,0,1,1,1)"},
so dim ker(D) = 2.

From
G(s,t,u,r)t:<s—t,t u, u—1r, r—2=:, s—u)t
we obtain
1 -1 0 0
0 1 -1 0
Gl=(0 0 1 -1
-1 0 0 1
1 0 -1 0

Now G(s,t,u,r)" = 0 implies s =t = u = r, so ker(G) = span{(1,1,1,1)"} and, by the

rank-nullity theorem, dim(im(G)) =4 — 1 = 3.

Let v = (a,b,¢,d,e)' € im(G). Then v = G(s,t,u,r)" for some s,t,u,r € F, so

at+b+c+d=(s—t)+({t—u)+(u—7r)+(r—s) =0, e=s—u=(s—t)+(t—u)=a+b.

Now suppose v € ker(D) as well. Using the description of ker(D) from part (b), we may write
v=(a,a,a+e,a+e,e).

The condition ¢ + b + ¢ + d = 0 becomes 4a + 2¢ = 0, and the condition ¢ = a + b becomes
e = 2a. Substituting gives 8a = 0. If 2 is invertible in F' (as assumed in the question), then a = 0,
hence e = 0 and therefore v = 0. So ker(D) Nim(G) = {0}.

Using parts (b), (c), and (d), we have dim ker(D) = 2, dimim(G) = 3 and ker(D)Nim(G) = {0},
hence

dim (ker(D) + im(G)) =2+ 3 = 5 = dim(F?"),
so I = ker(D) + im(G). By rank—nullity, rk(D) = 5 — dimker(D) = 3.
Assume 2 = 0 in F'. In this case, the vector (1, 1,1, 1,0) satisfies the conditions of the hint of (d),
and indeed we can set s = 1,t = 0,u = 1,7 = 0, and we get G(1,0,1,0)" = (1,1,1,1,0) (using
that 1 = —1 in F', as a consequence of 2 = 0).

(Total: 20 marks)

seen |}

3, A

seen |}

6, B

seen |}

3, A

unseen )

4, C

unseen J}

2,B

Y

unseen J}

2. D




Linearity: for p,g € V and \ € F,
Jp+ @) (@) = (p+9)(=2) = p(=z) + ¢(=z) = (Jp)(z) + (Jg)(z),
J(Ap) (@) = (Ap)(=x) = Ap(=x) = A(Jp)(x).
So J is linear. On the basis B,
J) =1, J@)=-2, J@*) =2 J@)=-2°
hence [J]|p = diag(1,—1,1,—1).
Since V't =ker(I — J) and V— =ker(I + J), both V* and V'~ are subspaces of V.
Write p(z) = a + bz + cx® + dz® € V. Then
p(—z) = a — bx + cx® — d2°.
Case 1: 2 # 0 in F. The condition p(—xz) = p(x) gives 2b = 2d = 0, hence b =d = 0, so
V*t =span{1,2?}.
The condition p(—z) = —p(x) gives 2a = 2¢ =0, hence a = ¢ =0, so
V™~ = span{r, 2°}.
In particular VT NV~ = {0}, so dim(V*NV~) =0.
Case 22 2 = 0 in F. Then —x = z, so p(—z) = p(z) for every polynomial p, and also
—p(z) =p(z). Hence VI =V~ =V, so VTt NV™ =V and dim(Vt NV~) = 4.
On B = (1,z,2%, 23),

SO

S O NN O
O Ww o o

Forp eV,

d
(DJp)(x) = - (p(=2)) = =p/(=2) = ~(JDp)(x),
so DJ = —JD. If p € V* then Jp = p, hence J(Dp) = —D(Jp) = —Dp, so Dp € V.

Similarly, if p € V~ then Jp = —p, so J(Dp) = —D(Jp) = Dp, hence Dp € V.

First suppose 2 # 0 in F. Then V* = span{1,2%} and V~ = span{z, 23} as in part (b). We
have D(1) = 0 and D(z?) = 2z, so rk(D|y+) = 1. Also D(z) =1 and D(z?*) = 322, so

2, if34£0,

Tkunv>::{1 if3 =0

If2 =0in F: then V* =V~ =1V, so D|y+ = D|y- = D : V. — V. In this case
D(1) = 0, D(x) = 1, D(z*) = 0 and D(z*) = 22, so im(D) = (1,2?) and rk(D) = 2.
Hence rk(D|y+) = rk(D|y-) = 2.

(Total: 20 marks)
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seen |}
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3.

(@) ()

(iii)

By direct computations, we see that the characteristic polynomial of A is
t—3 1 1
det(tls —A)=det| 1 t—-3 1 |=@—-4)>*@t-1).
1 1 t—3
Hence the eigenvalues of A are 1 and 4.
The eigenspace for 1 is

-2 1 1
Ey=ker(l3—A)=ker[ 1 -2 1 | = Span(v)
1 1 =2
1
with v = | 1 |. The eigenspace for 4 is
1
111
Ey=ker(4l3 — A) =ker [1 1 1| = Span(vy,vs).
111

0 -1
both vy and vz for being in different eigenspaces of the symmetric matrix A. By the
Gram—-Schmidt process, we find an orthogonal basis of F, consists of wy = v5 and

I 1/2
W3 = Vs — 5 2w2: 1/2 .
R

1 1
with vy = (1) and vz = ( 0 ) We have learned that v; must be orthogonal to

Thus uy = vy /||v1]], ug = we/||wz]| and uz = ws/||ws|| form an orthonormal basis. We

let
IR T
Boovioov
Q= (u1 | uy | u3) = Ve
I ;

Then Q is an orthogonal matrix, and we have A = QDQ~! with D = diag(1,4,4).
We let

1 2
B=Qdiag(1,2,2)) = | 5 —V2
1 4
a0 7

Then BBT = Q(diag(1,2,2))?QT = QDQ™! = A.

(b) (i) Since Z = A+ iB is unitary, we have

I, =277 = (A" —iB")(A+iB) = (ATA+ B'B) +i(A"B — BT A).
Hence I, = ATA+ BB and 0 = A”B — BT A. Thus we have

MM — AT BT™\ (A -B\Y [ ATA+B"B -—ATB+BTA _y
“\=BT AT|\B A ) \-BTA+ATB BTB+ ATA | — "™

seen |}

3, A

seen |

4, A

seen |

3, B

unseen )




(i) We have

unseen |
(556 )= s)
and
- (-0 )
This finishes the proof. 3,C
(iii) We write Q) = (g g) We have unseen |}
o= (5 ) (5 §)-(5 5)
and
oe (6 o) - (5 )
We conclude that D = A and C = —B. Thus Q = (g _AB>. Since @ is orthogonal,
we have Q7Q = I,,, and thus
I, — 7O - ( ATT Bi) (A —B) _ < AT;H BTI{B —ATTB + BTTA> |
-BY A B A —-B"A+A"B B'B+A'A
Hence ATA+ BT"B =1, and ATB — BT A =0. Let Z = A+ iB. Then we see that
7277 = (AT —iBT)(A+iB) = (A"A+ B'B) +i(A"B - BTA) = I,.
By our definition, it means that Z is unitary. Thus @ has property (P). 4, D

(Total: 20 marks)



4. (a)

(b)

(i) The decomposition is found in the standard way by taking elements and following through

and is
o = (1357)(246)(810)(911).

(i) By decomposing the cycles we get that

o = (13)(35)(57)(24)(46)(8 10)(9 11)

(ii) The sign of o is (—1)" = —1.

(i) We check the three axioms of an equivalence relation. Reflexive z = gzg™! for g = eg,
so x ~ x. Symmetric, clearly if there is ¢ € G such that gzg~! =y, then y = g '2¢ so
if z ~ytheny ~ 2. If 2€ G and y ~ 2, then there is h € G such that hyh™! = z,
then hgx(hg)™' = hgrg=*h™' = hyh™' = 2. Therefore x ~ z.

(i) Clearly it suffices to insert g~'g between each repetition of x in the power z°

grig ™t = grglgrgt - grgt = (gugt).

7 times

We prove the hint with the following useful formula for conjugation of permutations. If
o, T €S, then:
(i) = j = (ror=")(7(0)) = 7(j).
This proves the statement in the hint.
Now observe that a cycle decomposition

o= (al,l"'al,lﬂ)"'(am,l"'am,km)v (1)

a;iv1, if1<g <k,
is characterised by the property that o(a; ;) = JHL = j
a;1, otherwise.

As a result of the preceding formulas, we conclude, extending the hint to products of cycles,
that

ror = (r(ary) - (aig) - (T(ama) - T(amp,), (2)

which is a decomposition into cycles. Moreover, the original cycle decomposition (1) is disjoint
if and only if (2) is (because 7 is bijective); also, the cycle lengths k; are preserved. So we
conclude that, if o has c(0) = [ky, ..., kn], then To77 has c(to771) = [ky, ..., k] as well.

Conversely, given any o with ¢(o) = [k1, ..., k], consider a disjoint cycle decomposition as
in (1). If we let 7(a;;) := ki + -+ k;j_1 + j, then we see that

7'0'7'71:(1,...,k1)(l€1+1,...,]€1—|—]€2)"'(k1—|—...+/€m_1+1,...,n).

So all such o are conjugate to a single element, and by transitivity of the conjugation relation,
they are all conjugate.

(Total: 20 marks)

seen |}

4 A

2, A

2, A

3, B

2. B
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4,D




Total A marks
Total B marks
Total C marks
Total D marks

: 34 of 32 marks
: 18 of 20 marks
: 14 of 12 marks
: 14 of 16 marks



Solutions

1.

(a)

From D(a,b,c,d,e)! =(a+e—d, b—a, c—b—e, d—c), we get
1 0 0 -1 1

-1 1 0O 0 O
D)= 0o —1 1 0 -1
o 0 -1 1 0
Solve D(a,b,c,d,e)! = 0:
b—a=0=b=a, d—c=0=d=c,

a+e—d=0=c=d=a+e.
Then the third equation is automatic: ¢ —b—e = (a+¢e) —a —e =0. Hence
ker(D) = {(a,a,a+e,a+e,e)' :a,e € F} =span{(1,1,1,1,0), (0,0,1,1,1)"},
so dim ker(D) = 2.

From
G(s,t,u,r)t:<s—t,t u, u—1r, r—2=:, s—u)t
we obtain
1 -1 0 0
0 1 -1 0
Gl=(0 0 1 -1
-1 0 0 1
1 0 -1 0

Now G(s,t,u,r)" = 0 implies s =t = u = r, so ker(G) = span{(1,1,1,1)"} and, by the

rank-nullity theorem, dim(im(G)) =4 — 1 = 3.

Let v = (a,b,¢,d,e)' € im(G). Then v = G(s,t,u,r)" for some s,t,u,r € F, so

at+b+c+d=(s—t)+({t—u)+(u—7r)+(r—s) =0, e=s—u=(s—t)+(t—u)=a+b.

Now suppose v € ker(D) as well. Using the description of ker(D) from part (b), we may write
v=(a,a,a+e,a+e,e).

The condition ¢ + b + ¢ + d = 0 becomes 4a + 2¢ = 0, and the condition ¢ = a + b becomes
e = 2a. Substituting gives 8a = 0. If 2 is invertible in F' (as assumed in the question), then a = 0,
hence e = 0 and therefore v = 0. So ker(D) Nim(G) = {0}.

Using parts (b), (c), and (d), we have dim ker(D) = 2, dimim(G) = 3 and ker(D)Nim(G) = {0},
hence

dim (ker(D) + im(G)) =2+ 3 = 5 = dim(F?"),
so I = ker(D) + im(G). By rank—nullity, rk(D) = 5 — dimker(D) = 3.
Assume 2 = 0 in F'. In this case, the vector (1, 1,1, 1,0) satisfies the conditions of the hint of (d),
and indeed we can set s = 1,t = 0,u = 1,7 = 0, and we get G(1,0,1,0)" = (1,1,1,1,0) (using
that 1 = —1 in F', as a consequence of 2 = 0).

(Total: 20 marks)

seen |}

3, A

seen |}

6, B

seen |}

3, A

unseen )

4, C

unseen J}

2,B

Y

unseen J}

2. D




Linearity: for p,g € V and \ € F,
Jp+ @) (@) = (p+9)(=2) = p(=z) + ¢(=z) = (Jp)(z) + (Jg)(z),
J(Ap) (@) = (Ap)(=x) = Ap(=x) = A(Jp)(x).
So J is linear. On the basis B,
J) =1, J@)=-2, J@*) =2 J@)=-2°
hence [J]|p = diag(1,—1,1,—1).
Since V't =ker(I — J) and V— =ker(I + J), both V* and V'~ are subspaces of V.
Write p(z) = a + bz + cx® + dz® € V. Then
p(—z) = a — bx + cx® — d2°.
Case 1: 2 # 0 in F. The condition p(—xz) = p(x) gives 2b = 2d = 0, hence b =d = 0, so
V*t =span{1,2?}.
The condition p(—z) = —p(x) gives 2a = 2¢ =0, hence a = ¢ =0, so
V™~ = span{r, 2°}.
In particular VT NV~ = {0}, so dim(V*NV~) =0.
Case 22 2 = 0 in F. Then —x = z, so p(—z) = p(z) for every polynomial p, and also
—p(z) =p(z). Hence VI =V~ =V, so VTt NV™ =V and dim(Vt NV~) = 4.
On B = (1,z,2%, 23),

SO

S O NN O
O Ww o o

Forp eV,

d
(DJp)(x) = - (p(=2)) = =p/(=2) = ~(JDp)(x),
so DJ = —JD. If p € V* then Jp = p, hence J(Dp) = —D(Jp) = —Dp, so Dp € V.

Similarly, if p € V~ then Jp = —p, so J(Dp) = —D(Jp) = Dp, hence Dp € V.

First suppose 2 # 0 in F. Then V* = span{1,2%} and V~ = span{z, 23} as in part (b). We
have D(1) = 0 and D(z?) = 2z, so rk(D|y+) = 1. Also D(z) =1 and D(z?*) = 322, so

2, if34£0,

Tkunv>::{1 if3 =0

If2 =0in F: then V* =V~ =1V, so D|y+ = D|y- = D : V. — V. In this case
D(1) = 0, D(x) = 1, D(z*) = 0 and D(z*) = 22, so im(D) = (1,2?) and rk(D) = 2.
Hence rk(D|y+) = rk(D|y-) = 2.

(Total: 20 marks)
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3, A

seen |}

7, A

seen |}

2. B
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unseen )

4,D




3.

(@) ()

(iii)

By direct computations, we see that the characteristic polynomial of A is
t—3 1 1
det(tls —A)=det| 1 t—-3 1 |=@—-4)>*@t-1).
1 1 t—3
Hence the eigenvalues of A are 1 and 4.
The eigenspace for 1 is

-2 1 1
Ey=ker(l3—A)=ker[ 1 -2 1 | = Span(v)
1 1 =2
1
with v = | 1 |. The eigenspace for 4 is
1
111
Ey=ker(4l3 — A) =ker [1 1 1| = Span(vy,vs).
111

0 -1
both vy and vz for being in different eigenspaces of the symmetric matrix A. By the
Gram—-Schmidt process, we find an orthogonal basis of F, consists of wy = v5 and

I 1/2
W3 = Vs — 5 2w2: 1/2 .
R

1 1
with vy = (1) and vz = ( 0 ) We have learned that v; must be orthogonal to

Thus uy = vy /||v1]], ug = we/||wz]| and uz = ws/||ws|| form an orthonormal basis. We

let
IR T
Boovioov
Q= (u1 | uy | u3) = Ve
I ;

Then Q is an orthogonal matrix, and we have A = QDQ~! with D = diag(1,4,4).
We let

1 2
B=Qdiag(1,2,2)) = | 5 —V2
1 4
a0 7

Then BBT = Q(diag(1,2,2))?QT = QDQ™! = A.

(b) (i) Since Z = A+ iB is unitary, we have

I, =277 = (A" —iB")(A+iB) = (ATA+ B'B) +i(A"B — BT A).
Hence I, = ATA+ BB and 0 = A”B — BT A. Thus we have

MM — AT BT™\ (A -B\Y [ ATA+B"B -—ATB+BTA _y
“\=BT AT|\B A ) \-BTA+ATB BTB+ ATA | — "™

seen |}

3, A

seen |

4, A

seen |

3, B

unseen )




(i) We have

unseen |
(556 )= s)
and
- (-0 )
This finishes the proof. 3,C
(iii) We write Q) = (g g) We have unseen |}
o= (5 ) (5 §)-(5 5)
and
oe (6 o) - (5 )
We conclude that D = A and C = —B. Thus Q = (g _AB>. Since @ is orthogonal,
we have Q7Q = I,, and thus
I, — 07O - ( ATT Bi) (A —B) _ < AT;H BTI{B —ATTB + BTTA> |
-BY A B A —-B"A+A"B B'B+A'A
Hence ATA+ BT"B =1, and ATB — BT A =0. Let Z = A+ iB. Then we see that
7277 = (AT —iBT)(A+iB) = (A"A+ B'B) +i(A"B - BTA) = I,.
By our definition, it means that Z is unitary. Thus @ has property (P). 4, D

(Total: 20 marks)



4. (a)

(b)

(i) The decomposition is found in the standard way by taking elements and following through
and is
o = (1357)(246)(810)(911).

(i) By decomposing the cycles we get that

o = (13)(35)(57)(24)(46)(8 10)(9 11)

(ii) The sign of o is (—1)7 = —1.

(i) We check the three axioms of an equivalence relation. Reflexivity follows because
grg~t = x for g = eg, so x ~ z. Symmetry follows because, if there is g € G
such that gzg~! = v, then g7 lyg = = so if x ~ y then y ~ z. Finally, for transitivity,
suppose that z € G and y ~ z. Then there are g,h € G such that grg~! = y and
hyh™ = z, so hgx(hg)™' = hgrg~'h™' = hyh™! = 2. Therefore z ~ 2.

(i) Clearly it suffices to insert g~'g between each repetition of x in the power z°

gr'gt = grg lgrg - grgt = (grg )"

7 times

We prove the hint with the following useful formula for conjugation of permutations. If
o, T €S, then:

(i) = j = (ror7")(7(0)) = 7(j)-
This proves the statement in the hint.
Now observe that a cycle decomposition

o= (al,l"'al,lﬂ)"'(am,l"'am,km)v (1)

Qiiv, iT1<j <k,
is characterised by the property that o(a; ;) = JHL = j
@;.1, otherwise.

As a result of the preceding formulas, we conclude, extending the hint to products of cycles,
that

ror ' = (1(a11) - 7(a1k)) - (T(am) - T(@m ), 2)

which is a decomposition into cycles. Moreover, the original cycle decomposition (1) is disjoint
if and only if (2) is (because 7 is bijective); also, the cycle lengths k; are preserved. So we
conclude that, if o has c(0) = [ky, ..., k], then To77 ! has c(to77 1) = [ky, ..., kn) as well.

Conversely, given any o with ¢(o) = [k1, ..., kn], consider a disjoint cycle decomposition as
in (1). If we let 7(a;;) := ki1 +---+ k;_1 + J, then we see that

7'0'7'_1:(1,..‘,]{71)(]{)1+17...,k’1+k’2)"'(l€1+...+k’m—1+1,...,n).

So all such o are conjugate to a single element, and by transitivity of the conjugation relation,
they are all conjugate.

(Total: 20 marks)

seen |}

4 A

2, A

2, A

3,B

2. B

unseen )

3. C

4,D




Total A marks
Total B marks
Total C marks
Total D marks

: 34 of 32 marks
: 18 of 20 marks
: 14 of 12 marks
: 14 of 16 marks





