Algebra Sem VI Question Bank

Normal subgroups and Quotient groups, Cayley’s theorem and
external direct product of groups

. Let Hy ={I,(12)} and Hy = {I,(123),(132)}. Then

(a) Hy, Hy are normal subgroups of Ss.

(b) H; is a normal subgroup of S5 but H, is not a normal subgroup of Ss.
(¢) Hy, Hy are not normal subgroups of S;

(d) Hj is a normal subgroup of S3 but H; is not a normal subgroup of Ss.

. Let HH={oc€S,:0(n)=n},Hy={c€S,:0(k)=Fk, for some k, 1 <k <n}. Then
(a) Hy, Hy are normal subgroups of S,.

(b) Hj is a normal subgroup of S,, but Hs is not a normal subgroup of S,,.

(¢) Hiy, Hs are not normal subgroups of .S,
)

(d) Hs is a normal subgroup of S,, but H; is not a normal subgroup of S,,.

Z 47
.Let G=—,H

507 =50z (under addition). Then order of quotient group T is

(@) 4 (b) oo (¢) 5 (d) 20

. Let H be a normal subgroup of G. Let [aH| =3 in % and o(H) = 10, then order of a is
(a) 1 (b) 30
(c) one of 3,6, 15 0or 30 (d) none of these.

. Let G be a group of order 5. If & : Z3y — G is a group homomorphism, then ker ® has order
(a) 5 (b) 30or6 (c) 30or5 (d) 1

. Let G be a finite group. If f; : G — Zyp and f5 : G — Z;5 are onto group homomorphisms,
then order of GG is
(a) 30k, where k € N (b) 5% where ke N (c) 10or15 (d) 5

Z18

5> (under addition), the order of the element 5+ < 6 > is

. In the quotient group
(a) 5 (b) 6 ()2 (d)3

. LetG:GLQ(R),K:{<3 Z) :a,b,deR,ad#O},H: {((1) ’1)) :beR}. Then

(a) H is a normal subgroup of K and K is a normal subgroup of G.
(b) H is a normal subgroup of K but K is not a normal subgroup of G.
(c) H is a not normal subgroup of K but K is a normal subgroup of G.
(d) None of these.
. Let H be a normal subgroup of a finite group G. If |H| = 2 and G has an element of order
3 then
(a) G has a cyclic subgroup of order 6.
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18.

(b) G has a non-abelian subgroup of order 6.
(¢) G has subgroup of order 4.
(d) None of these.

Let G be a group of order 30. If Z(G) has order 5, then
(a)

is cyclic.  (b) is abelian but not cyclic.

Z(G)

is non-abelian.  (d) None of these.

Z(G)
G

(c) 7(G)

Let G = GLy(R), H = {A € G : detA € Q}, then
(a) H is a normal subgroup of G.  (b) H is not a subgroup of G.
(c) H is a subgroup which is not normal in G. (d) H C Z(G).

Let G = GLy(R), H={A € G : detA = 23", for some m,n € Z}, then
(a) H is a normal subgroup of G.  (b) H is not a subgroup of G.
(c) H is a subgroup which is not normal in G. (d) H C Z(G).

Let G = U(16), H = {1,15}, K = {1,9}, then

(a) H, K are isomorphic groups and T K are isomorphic groups.

(b) H, K are not isomorphic groups but T K are isomorphic groups.

(¢) H is not isomorphic to K.
G G

(d) T not isomorphic groups.

Let H = {(Z 2) ca,b,c,d € ZZ} ,G = M(Z), under addition of 2 x 2 matrices. The

quotient group T has

(a) 4 elements (b) 16 elements (c) 12 elements (d) 8 elements

Let G = Dy = {e,a,a? a3 b,ab,a*b,a®b}, a* = e = b* aba = b, H = {e,b,a*b,a’}, K = {e, b}
(a) K is normal in H and H is normal in G. (b) K is not normal in H.
(c) K isnormal in G. (d) H is not normal in G.

The quotient group (%, —I—) is

(a) an infinite group in which only identity is of finite order.
(b) is an infinite cyclic group of finite index.

(c) an infinite group in which every element is of finite order.
(d) None of these.

Let G be a non-Abelian group of order pq, where p and ¢ are distinct primes then
(a) o(Z(G))=p (b) o(Z(G)) =¢
(c) Z(G) ={e} (d) None of these.

If H is any non-trivial sugroup of a cyclic G then G/H
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a) 1s infinite if G is infinite.

(a)

(b) is finite

(c) is not cyclic
)

(d) None of these.

19. If G be an Abelian group then H = {(g,9) : g € G} is
(a) normal in G x G.
(b) is not normal in G x G.
(c) is not a subgroup of G x G
(d) None of these.

20. The index of centre of a finite non-Abelian group
(a) is o(G).
(b) is a prime
(c) can not be a prime
)

(d) None of these.

21. If N is a normal subgroup of G and all the elements of G/N and N have finite order, then

(a) every element of G has finite order.
(b) every element of G has infinite order.

)
(¢) G can have elements of infinite order.
(d) None of these.

22. If H is a subgroup of S,, having order n!/2; then which of the following is not true

(a) H is normal in S,

(b) 0% € H for every o € S,,.
(c) H contains all 3-cycles.
(d) H # A,.

Sem VI Algebra

Page 3 of 17



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

ZQ X ZQ X ZQ has
(a) 3 subgroups of order 2. (b) 7 subgroup of order 2 (c) 6 subgroups of order 2.
(d) 9 subgroups of order 2.

The order of any non-identity element in Zs x Zs is
(a) 3 (b) 9 (c) 6 (d) none of these.

Which of the following statements is false?
(a) Zs X Zs is isomorphic to Zy5  (b) Zs X Zs is isomorphic to Zg
(¢) Zg X Zg is isomorphic to Zgy;  (d) Z4 X Zs is isomorphic to Zio

The group S5 X Zs is isomorphic to

(a) Z1o (b) Ay (¢) Dg (d) Zg x Zs

Let G1 = Zy X Z15 and Go = Zg X Zqg, then
(a) G and G5 are cyclic groups of order 60.
(b) G and G5 are not cyclic groups.
(¢) G is cyclic but Gy is not cyclic group.
(d) Gy is not cyclic but Gy is a cyclic group.

. Which is true about groups?
(a) Zy4 X Zsg is isomorphic to Vj X Zs.
(b) Zg X Zg X Zs is isomorphic to Vj X Z.

(¢) Dy (the dihedral group of order 8) is isomorphic to Quaternion group Qg of order
8.

(d) None of these

A group of order n is isomorphic to
(a) a subgroup of Z,, x Z,. (b) a subgroup of S,,.
(c) asubgroup of D,. (d) a subgroup of Zy,

73 is isomorphic to the following subgroup of S
(a) < (12) >. (b) <(13) > (c) A3 (d) Sj itself.

A group of order 4 in which every element satisfies the equation 22 = e is isomorphic to
(a) Zy X Zy.  (b) pua, the group of forth roots of unity under multiplication.
(C> (Z47+> (d) {1737 779}

The smallest positive integer n for which there are two non-isomorphic groups of order n

equals.
(a) 2 (b)4 ()6 (d)38

For each positive integer n,

(a) There is a cyclic group of order n.  (b) There are two non-isomorphic groups of order
n.

(c) There is a non-abelian group of order n. (d) The number of non-isomorphic groups
of order n is equal to n
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A non-cyclic group of order 6 is isomorphic to

(a) Zs x Zs  (b) ug, the group of sixth roots of unity under multiplication.

(c) U(14) = {1,3,5,9,11,13}. (d) S
Let G1 = Zg X Z5,G2 = Zg X Zg‘ Then

(a) Gy is isomorphic to Zi5 and Gy is isomorphic to Zoy.

)
(b) G; and G5 are not isomorphic to Zis, Zo7 respectively.
(c¢) Gy is not isomorphic to Zy5 but G is isomorphic to Zgy
)

(d) G is isomorphic to Z;5 but Gs is not isomorphic to Za;

The number of elements of order 4 in Zg X Z4 is
(a) 4 (b) 12 (c) 20 (d) 16

Consider the following groups i) Z, ii) U(10) ii) U(8) iv) U(5). The only non-isomorphic

group among them is
(a) U(8) (b) U(10) (c) Zy (d) All are isomorphic.

Consider the following groups i) Ss ii) pg ii) Zg iv) Zg X Z3 v) U(9). The only non-isomorphic

group among them is

(a) S3 (b) pwe (¢) ZoyxZs (d) S3~U(9) and pg, Zg, Zo X Zs are isomorphic. .

If for positive integers m,n have Z,, X Z, is isomorphic to(Z,, +) then which is true,

(a) m,n are relatively prime.
(b) m,n are odd.
(¢) m,n are prime.

)

(d) m =p",n = ¢* for primes p,q and r, s € N.

Let G =Zy x Zy and H = Z4 x {0,2}, K =< (2,2) > be subgroups of G Then

(a) G/H is isomorphic to K (b) G/H is isomorphic to Zy X Zs
(¢c) H and K are isomorphic.  (d) none of these.

From the given list of pairs of group, pick the pair of non-isomorphic groups
(a) 3Z/127Z and Z, (b) 8Z/A8Z and Zg
(¢) Zyand Vy (d) (Z x Z)/(2Z x 27) and Zs X Zy

From the given list of pairs of groups, pick the pairs of isomorphic groups
(a) ZQ X ZQ X ZQ and Z4 X ZQ (b) Zg and Z4 X ZQ
(C) D4 and Z4 X ZQ (d) ZQ X ZQ X ZQ and V4 X ZQ
If G, H, K are finite Abelian groups and G x K = H x K, then
(a) G=H
(b) G need not be isomorphic to H
(c) G
(d) None of these.

If G is an Abelian group with order mn where (m,n) = 1. G(m) = {g € G :

G(n)={g € G:g"=e}, then
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(a) G =G(n)UG(m)
(b) G=G(n) x G(m)
(¢c) G=G(m)G(m)
(d) None of these.

45. m,n € N with m|n and H = {k € U(n) : k = 1 mod m}. Then
(a) Un)/H = U(m)

(n)/U(m) = H.

(m) = H.

None of these.

U
U
U

46. U(16)/ < 9 > is isomorphic to
(a) Zy (b) Zy xZy (c) Zg (d) None of these.

47. f R* and R* are multiplicative groups and f : R* — R* is defined by f(x) = |z| then
(a) f is an injective homomorphism.

(b) f is not a homomorphism.

)
(c) ker f={-1,1}.
)

(d) f is an isomorphism.
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Ring, Subring, Ideal and Integral domain, Homomorphism,
Isomorphism of Rings

Let R be a ring and a, b be non-zero elements of R. The equation ax = b
(a) has a unique solution in R. (c) has atmost one solution in R.

(b) may have more than one solution in B.  (d) None of these.

The group of units of the ring Zos is

(a) {1,3,5,7} mod 25.

(b) {1,2,3,4,6,7,8,9,11,12,13,14,16, 17, 18,19, 21, 22, 23, 24} mod 25.
(c) {1,4,8,12,16,20} mod 25.
)

(d) {1,3,6,9,12,15,18,21,24} mod 25.

The group of units of a ring is
(a) abelian but may not be cyclic  (b) Cyclic (¢) may not be abelian  (d) finite

a b
d
2 x 2 matrices, then A € My(Z) is an unit if -

(a) ad —bc#0 (c) and only if ad — be # 0.
(b) ad — bc is an even integer. (d) ad — bc = 1.

Consider the ring My(Z) = { ) s a,b,c,d e Z} under addition and multiplication of

Consider the following rings :
(i) (Zs,+, ) (ii) (Z15,+, ) (iii) Z x Z under component wise addition and multiplication (iv)
R[z] ,Then

(a) (i), (iv) have no proper zero divisors.

(b) (i), (iii) have no proper zero divisors

(c) (i), (iii) have proper zero divisors.

(d) (i), (iii), (iv) have no proper zero divisors

The number of units in the ring Zyg is
(a) 5 (b) 6 (c) 7 (d) 8

Which of the following is a subring of (Q, +, -)

(i) R={a/b/a,beZ, (a,b) =1,b+# 0,b is not divisible by 3}.
(ii)) R={a/b/a,beZ, (a,b) =1,b+# 0,b is divisible by 3}.
(iii) R={a/b/a,b e Z, (a,b) =1,b+# 0,a is divisible by 3}.
(i) R={2*:z € Q}.

(a) (i) and (iv) (b) (ii) and (iv) () (i) and (i) (d) only (i).
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Let R and S be rings. Consider the ring R x S under component wise addition and multi-
plication.

(a) If R,S are integral domains, then R x S is an integral domain.

(b) R x S is an integral domain if and only if R, S are integral domains.

(¢c) R x S is not an integral domain, whatever R, S may be.

(d) R x S is not commutative even if R, S are commutative.

Let R be an integral domain. Then, 22 = 1
(a) has exactly two solutions.  (b) may not have any solution.
(c) may have more than two solutions.  (d) None of these.

Consider the following rings: (i) Zg (ii) Z1o (iii) Z1g (iv) Z14, then
(a) (i), (i), (iii) ,(iv) have nilpotent elements.  (b) (i), (ii) have nilpotent elements.
(c) (iii), (iv) have nilpotent elements.  (d) None of these have nilpotent elements.

In an integral domain the number of elements which are their own inverses is
(a) 1 (b) Tor2 (c) 2 (d) infinitely many.

In a ring (Z,, +, ) where n is a positive integer > 1
(i)a*=a = a=0ora=1foracZ,
(ii)a-b=0 = a=0orb=0for a,b € Z,
(iii) a-b=a-¢,a#0 = b=cforb,é € Z,. Then,

i), (i), (iii) are true.

( (

(b) the statements (i) i
(c) the statements (i),
(d) None of the above.

(
is true but (ii), (iii) may not be true.
(

b
b=

a) the statements
)
) ii), (iii) are true if n is prime.
)

If R is a ring and a, b are zero divisors in R, then
(a) a+ b is always a zero divisor. (¢) a+ b may not be a zero divisor.
(b) a+ b is not a unit in R. (d) None of these.

a b
0 d
(a) 6 (b) 7 (c) 5 (d) None of these.

In the ring R = { ( ca,bde ZQ}, the number of non-zero zero divisors is

If z is an idempotent element in Z,, (2% = z) , then
(a) 1 —z is a unit. (b) 1+ z is a unit.
(¢) 1 —x is an idempotent.  (d) None of these.

Let R be a commutative ring such that a> =0 = a =0V a € R, then
(a) R has no proper zero divisors.  (b) R has no nilpotent elements.
(¢) R is an integral domain but not a field.  (d) None of these.

Consider the rings Ry = (Z1g,+, ), Re = (Zog, +, ), R = M3(Z)), Ry = Z X Z under compo-
nent wise addition and multiplication.

(a) Ri, Ra, R3, Ry are all integral domains.  (b) Only Ry, Rs, R4 are integral domains.

(¢) Ry is an integral domain.  (d) R, R4 are integral domains.
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Let R be an integral domain of characteristic p. Then,
(a) (z+y)™ =a™+y™ Va,y € R if and only if m = p.
(b) (z+y)" =a™+y™ Vz,y € R and m = kp.

(¢) (z+y)P" =aP" +y?" Va,y € R and for all n € N.
(d) None of the above.

Consider the subset S = {0,2,4,6,8} of Z,.
(a) S is a subring of Z1y. (b) S is not a subring of Z1.
(c) S is a subring with multiplicative identity 6.
(

d) S is a ring with multiplicative identity 6.

Let R be a ring in which 22 = z for all € R. Then,
a) R is an integral domain with characteristic 3.

c

(
(b) R is field with characteristic 3.
(c¢) Characteristic of R is 2. (d) None of these.

The characteristics of the ring Zi5 X Z15 under component wise addition and multiplication
is

x € R[z] is
(a) is a unit in R[z].
(b) is a zero divisor in R[z].
(c) is neither a unit nor a zero divisor in R|x].
(d) None of these.
If By, = <(1) 8) and R = Msyo(R) then RE) ; is

is a subring with multiplicative identity I5.

(c
(d

is not a subring of R.

(a)
(b) is a subring with multiplicative identity Fj ;.
)
) None of these.

Which of the following is true
(a) Zslil], Zs[i] are integral domains and Zj3[i] is a field.
(b) Zsli], Zs[i] and Zs[i] are fields
(¢) Zoli], Zs[i
)

Lo ]
Zs i] are fields and Zgs[7] is an integral domain.
(d) Only Zsli] is a field and Zs][i], Zs[i] are integral domains.

Zs|
Zs|

If H, ={a+bi+cj+dk:a,b,c,de Z} then the multiplicative group of units of Hy is

(a) {1}

(b) {1,4,5,k}

(¢) {&1,+i,+j, £k}
(d) Hz —{0}.
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Consider the ring Z x Z under component wise addition and multiplication.
Let I = {(a,—a) : a€Z},J ={(a,0) : a€Z}. Then,

(a) I and J are ideals of Z x Z.

(b) I is an ideal of Z x Z but J is not an ideal of Z x Z.

(¢) Neither I nor J is an ideal of Z x Z.

(d) J is an ideal of Z x Z but [ is not an ideal of Z x Z.

Consider the ring Ms(Z) = { <(z Z) ra,b,c,d e Z} and

let [ = { (‘CL Z) - a,b, ¢, d are divisible by 5}. Then
(a) I is a subring of My(Z) but not an ideal.
(b) I is an ideal of M5(Z) but not a subring.
(c) I is not an ideal of Ms(Z).
(d) I is both a subring and an ideal of Ms(Z).
Consider the ideal I = 10Z and J = 12Z, then

(a) [+J=22Z, IJ=120Z. (b) [+J=2Z, 1] =60Z.
(c) I+J=2Z,1J=120Z. (d) None of these.

In the ring of integers Z, consider the ideals I = 4Z + 6Z, J = mZ + nZ, m,n € N. Then,
(a) I =24Z,J =mnZ (b) I =27Z,J = dZ where d = gcd (m,n)
(c) I =12Z,J =17, where l = lecm (m,n) (d) None of the above.

In the ring of integers Z, consider the ideal I = (6Z)(4Z), then
(a) I =247Z. (b) I =12Z. (c) I =27Z. (d) None of these.

(nZ)(mZ) = (nZ) N (mZ) if and only if
(a) m|n.  (b) (my,n)=1. (c) m=mn. (d) None of these.

Which of the following is true

(i) Z is an ideal of Q (ii) {(n,n) :n € Z} is an ideal of Z x Z

(iii) {f € F(R,R) : f(w) = 0} is an ideal in the ring F(R, R) of real valued functions.
(a) (i), (i) (b) (ii), (ili) (c) only (ii). (d) None of these.

The number of ring homomorphisms from Q to itself is
(a) 1 (b) 2 (c) infinitely many (d) none of these.
The number of ring homomorphisms from C to itself is

(a) 1 (b) 2 (c) infinitely many (d) none of these.

Consider the following pair of rings.

(i) Z[v2] and Z[/5] (i) Z[v/—2] and Z[/=5] (ii)) Q and R (iv) M = {( ab 2) ta,b € R} ,C

(a) (i) and (iv) are isomorphic pairs of rings.
(b) (i) and (ii) are isomorphic pairs of rings.

(c) only (iv) is an isomorphic pair of rings.
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(d) (i), (ii) and (iv) are isomorphic pairs of rings.

Consider the following maps from Ms(Z,) — Z, defined by

f((‘é Z)) :a,g((z Z)) — 0t d, h(A) = det A for A € My(Z,).

(a) f,g,h are all ring homomorphisms.  (b) only & is a ring homomorphism.
(c) fis a ring homomorphism and g, h are not.  (d) none of these.

Consider the map m : Z X Z — Z and 75 : Z — Z X Z defined by 71 (m,n) = m,

ma(m) = (m,0), where Z x Z denotes ring with component wise addition and multiplication.
(a) 7 and 7y are ring homomorphisms.

(b) Both 7y, w9 are not ring homomorphisms.

(¢) m is a ring homomorphism but 7, is not a ring homomorphism.

(d) my is a ring homomorphism but 7; is not a ring homomorphism.

The number of ring homomorphisms from Z to Z are
(a) one (b) zero (c) two (d) infinitely many.

Let ¢, : Z[z] — Z,[z] be defined by ¢(ag + a1z + - - - axx®) = do + @1x + - - - dza*, is a ring
homomorphism only if

(a) n is a prime number.  (b) n is a positive integer.

(¢) mis an odd integer.  (d) n is an even integer.

The kernel of the ring homomorphism ¢ : R[z] — C defined by ¢(f(x)) = f(2+1) is
(a) {f(2) € Ra] : (z = 2)|f(x)}.  (b) {f(x) € Rz]: (a* — 4z — 5)|f(x)}.
(c) {f(2) €R[x]: (a* =4z +2)[f(2)}.  (d) {f(z) €R[z]: (2* — 4z +5)[f(2)}

Consider the ring homomorphism ¢ : R[x] — R defined by ¢(ag + a1z + -+ + a,a™) =
aog + ay + - - - + a,. Then, the kernel ¢ is

(a) {f(z) eRlz]: f(1) =1} (b) {f(z) € Rlx]: f(1) = 0}.
(c) {f(z) € Rlz]: f(0)=1}. (d) None of these.

Consider the ring homomorphism ¢ : R[z] — R defined by ¢(ag + a1z + -+ + a,a™) =

n

Z(—l)kak. Then, the kernel ¢ is

(a) {f(z) € Rlz]: f(=1) =0}. (b) {f(x) € R[z]: f(—1) =1}.
(¢) {f(z) € Rlz]: f(—=1) = —1}. (d) None of these.

RingH—{(Z 2ab) :mbEZ} is

(a) is not isomorphic to Z[v/2].
(b) is isomorphic to Z[v/2].

(c) is isomorphic to Q[v/2].

(d) None of these.

Consider the maps ¢; : My(Z) — Z defined by ¢, <(Ccl Z)) =a and ¢, : R — Z defined

by ¢4 ((8 Z)) = a, where R = {(8 Z) :a,b,dGZ}. Then
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(a) ¢ is a ring homomorphism but ¢, is not a ring homomorphism.
(b) Both ¢1, ¢y are ring homomorphisms.
(¢c) ¢ is a ring homomorphism but ¢; is not a ring homomorphism.
(d) Both ¢1, ¢y are not ring homomorphisms.

Zi]

— is

(1414)
(a) is an infinite ring.  (b) a field having 2 elements.
(c) aring having 4 elements.  (d) a ring with proper zero-divisors.

92. The factor ring
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Divisibility, Prime ideals, Maximal ideals, Polynomial ring and Field

93. Let R = My(Z) and I = {(Z Z

(a) I is not an ideal.  (b) [ is a prime ideal but not a maximal ideal.
(c) I is a maximal ideal.  (d) [ is an ideal but not a prime ideal.

) ca,b,c,d € 7, and are divisible by 5}

94. Let R be a commutative ring. If (0) is the only maximal ideal in R, then
(a) R is finite ring. (b) R is an integral domain, but not field.
(¢) R is a field. (d) None of the above.

95. The number of maximal ideals in Zg are
(a) 1. (b) 2. (c) 3. (d) 4.

10
00
(a) I is not an ideal. (b) I is a prime ideal but not a maximal ideal.
(c) I is a maximal ideal.  (d) I is an ideal but not a prime ideal.

96. Let R = My(Zs) and]—{( )A:AER}. Then

97. Let R = C'[0, 1], the ring of continuous real valued functions on [0,1] under pointwise addition
and multiplication, I = {f € R : f(1/2) = 0}.
(a) [ is not an ideal.  (b) [ is a prime ideal but not a maximal ideal.
(c¢) I is a maximal ideal.  (d) [ is an ideal but not a prime ideal.

98. In the polynomial ring Z[x], consider I = {f(z) : f(0) = 0}, then
(a) I is an ideal. (b) I is prime ideal but not maximal ideal.
(c) I is a maximal ideal. (d) I is ideal but neither prime ideal nor maximal.

99. If R is an infinite integral domain and [ is a proper ideal then

(a) R/I is an integral domain.  (b) R/I is a field.
(c) R/I is an infinite ring.  (d) R/I is commutative.

100. Let R be a finite commutative ring. Then
(a) Risafield. (b) (0) is the only proper ideal of R.
(c) every prime ideal is maximal.  (d) R is an integral domain.
101. Let S ={a+1ib:a,b € Z, are divisible by 5 }. Then,
(a) S is not an ideal but is a subring of Z[].
(b) S is an ideal as well as subring of Z[i].
(c) S is an ideal of Z[i].
(d) None of these.
102. Let R be a commutative ring, and P, and P, are prime ideals of R, then
(a) PLU Py and P, N P, both are prime ideals of R.
(b) Py N P, is prime ideal of R always but P; U P, may not be.

(c) If P, C Py or P, C P then P, N P, is prime ideal of R.
(d) None of the above.
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103. Which of the following is irreducible in Z[v/5]
(2) 9+4v5 (b)) 1+v5 (¢)5 (d) 7+3V5

104. In the ring Q[z], the principal ideal (22 4 bx + ¢) is a maximal ideal if
(a) b=c=0 (b) b*—4c is not a square of a rational number.
(c) b* — 4c is a square of a rational number.  (d) b* — 4c is an integer.

105. In the ring Zx],
(a) (z) is a maximal ideal.
(b

(c

(d) (z) is not a prime ideal.

(x) is a prime ideal which is not maximal.

)
) there is no maximal ideal in Z[z].
)

106. In the ring Z[v/5]
(a) 14 /5 is irreducible but not prime.  (b) 1+ +/5 is prime
(¢) 14 /5 is not irreducible  (d) 1+ /5 is a unit.

107. In the ring Z[v/—5]
(a) 14 /=5 is not irreducible (b)) 1+ /=5 is prime
(¢) 1+ +/=5 is irreducible but not prime (d) 1+ +/—5 is a unit.

108. Consider the following pairs of elements in the given rings respectively. (i) 2+ and 1 — 2i
in Z[i] (i) 1 — /=5 and 7 — 3y/=5 in Z[/-5] (iii) 2 and 1 + i in Z[i]. Then
(a) (i) and (iii) are pairs of associates (b) (i) and (ii) are pairs of associates
(c) (i), (ii) and (iii) are pairs of associates.  (d) only (i) is a pair of associates.

109. Consider the following elements in Z[v/—5] (i) 6 + /=5 (ii) 7 (iii) 2 — 3y/=5. Then
(a) (ii) and (iii) are irreducible and (i) is not irreducible
(b) (i) and (iii) are irreducible and (ii) is not irreducible
(c) (i),(ii) and (iii) are all irreducible  (d) (i),(ii) and (iii) are all reducible.

110. Which of the following is true in Z[v/—5]
(a) 2+ /=5 is irreducible but not prime.  (b) 2+ /=5 is prime.
(c¢) 3is prime. (d) 2+ +/—5 is reducible.

111. The number of maximal ideals in R x R x R is

(a) 1. (b) 3. (c) 6. (d) 9.
112. Which of the following is prime in Z[i],
(a) 2. (b) 5. (c) 17. (d) 3.

113. A prime integer p is irreducible in Z[i] if
(a) pis of the form 4k + 1.  (b) pis of the form 4k + 3.
(c) pis an odd prime. (d) None of these.

Z{i]
(1+74)
(a) an integral domain which is not a field.

114. The quotient ring

(b) a field having 2 elements.
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(c) a field having 4 elements.
(d) a ring with proper zero divisors.
Rlz]
— s
o+ 1)
(a) an infinite integral domain.  (b) an infinite field.
(c) a finite field.  (d) None of these.

115. The ring

116. Consider the ring homomorphisms f; : Z[i] — Z, defined by f(a + bi) = (a — b) mod 2 and
fo : Z[i] — Zs defined by f(a + bi) = (a — 2b) mod 5. Then

(a) ker f; is a maximal ideal but ker f5 is not a maximal ideal.

)
(b) ker f5 is a maximal ideal but ker f; is not a maximal ideal.
(c) both ker f; and ker fy are not maximal ideals.

)

(d) both ker f; and ker f; are maximal ideals.

117. In the ring R[z] and C[z], consider the ideal I = (2? — z + 2)
(a) I is a maximal ideal in both R[z] and C[z].
(b) I is a maximal ideal in R[z] but not C[z].
(c) I is a maximal ideal in C[z] but not in R[z].
(d) I is a not maximal ideal in both R[z] and Clz].

118. If Ry = Z[V2] ={a+bv2 : a,b€ Z}, Ry = Z[V5] = {a + b5 : a,b € Z}, Ry = Q[v2] =
{a+bv2 :a,bceQ},Ry=2Z[i] = {a+0bi : a,b € Z}, then
(a) Ri, Rs, R3, Ry are integral domains which are not fields.
(b) Ry, Ry, Ry are integral domains which are not fields and Ry is a field.
(¢) Ry, Ry, Rs, Ry are all fields.
(d) None of the above.

a

119. Consider the ring S = { (Z a) a€cQ

(a) S is an integral domain which is not a field.
1

(b) S is a field with multiplicative identity %

N DO | =

(c) S is a non-commutative ring.  (d) None of these.

120. Let R and S be rings. Consider the ring R x S under component wise addition and
multiplication.
(a) If R, S are fields, then R x S is a field.
(b) If R, S are integral domains, then R x S is an integral domain.
(¢c) R x S isnot a field, whatever R, S may be.
(d) None of the above.

121. Let Fy and F; be fields having 9 and 16 elements respectively. Then, the number of (non-
trivial) ring homomorphism from Fj to Fy are
(a) One (b) zero (c) two (d) None of the above.
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122. Consider the rings Ry = (Z1o, +,-), Ro = (Z17,+,-), Rs = {} 1 a,b € Z, bis odd }.
(a) Ry, Rs, R3 are all fields. (b) Only Ry, Ry are fields.
(c) Only Ry, R3 are fields.  (d) Only Ry is a field.

123. Let R = R[z]/(2z). Then,
(a) Risafield. (b) R is an integral domain but not a field.
(c) R isnot an integral domain. (d) R is a finite commutative ring.

124. There exist fields of
(a) 10 elements. (b) 7,8,9 elements.  (c¢) 12 elements. (d) 6 elements.

125. The field of quotients of Z[v/2] is
(@) Qv2l (R () Q@ (d)C.

126. The field of quotients of Z[i] is
(a) Q] (b) R (c) C (d) None of these.
127. Which of the following statements is true?

(a

) R is integral domain = R[z] is an integral domain.
(b) R is a division ring = R[z] is division ring.
(c) Ris field = R[z] is field.

)

(d) None of these.

128. The polynomial f(z) = 2x? + 4 is reducible over
(a) Z (b) Q (¢c) R (d) None.

129. Which of the following polynomials in Z[x| satisfy an Eisenstein criterion for irreducibility
in Q.

(i) 22 — 12 (ii) 82® + 622 — 9z + 24
(iii) 42! — 92° 4+ 242 — 18 (iv) 220 — 2523 + 1022 — 30
(a) AlL (b) (ii) and (iii).

(c) (i), (ii) and (iv). (d) only (i).
130. The polynomial 823 — 6z + 1 is
(a) reducible over Z  (b) is reducible over Q
(c) is irreducible over Q  (d) is irreducible over R.
131. Let f(x) = 2% — 2, then
(a) f(x) is reducible in Q[x].
(b) f(x) is irreducible in Q[z] but reducible in Q[v/2][z].
(¢) f(z) is irreducible in R[z]
(d)
132. Let f(x) = 2% — 2, then
(a) f(x) is reducible in Zs[x] and Zs|z].
(b) f(z) is irreducible in Zs[z] but reducible in Zs[z].
) flz)

(c

None of these.

a

(x) is reducible in Zg[x] but irreducible in Zs[x].
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(d) f(x) is irreducible in both Zs[z| and Zs|x].

133. Let R be a commutative ring and f(z) be a polynomial of degree n over R. Then the no.
of roots of f(z) in R is
(a) less than or equal to n.  (b) equal to n
(c) strictly less than n (d) may be greater than n.

134. The polynomial 2z + 1 is
(a) unit in Zg[x] (b) zero divisor in Zg[x] but not nilpotent.
(c) nilpotent in Zg|x] (d) None of the above

135. Let f(z) € Z[x]. Which of the following is true?

(a) T
(b)
(c)
(d) n

136. Let [ = (22 + 2+ 1) in Z,[z], 1 <n < 10 Then, Z,[z]/I is a field if
(a) n=3 (b)) n=2,5 (c) n=7 (d) None of these.

f f(z) is reducible over Q, then it is reducible over Z.
fz
fz

one of these.

) is reducible over @, but it may not be reducible over Z.

) is reducible over Q.

137. The polynomial x is irreducible in Z,[z]
(a) for eachn (b) forn >3 (c) iff n is prime (d) never.

138. The number of roots of the polynomial 22> — 1 in Zs;[z] is
(a) 25 (b)) 5 (c)24 (d)1

-2 +1

139. Let f(x)
)) is a maximal ideal in Zs[x|, Z3[x] and Zs|z].

)) is a maximal ideal in Zs[x| and Zs[z] but not in Zs[z].
)

)) is a maximal ideal in Zy[z| and Zs[z| but not in Zs[z].

140. Let f(x) =2 +2°+ - - +2+1,9(x) =2 + 2 +2°+--- + 2+ 1. Then
z), g(z) are both irreducible over Z[x].

a) f(z),
(x), g(z) are both reducible over Z[z].
()

)

(a) f
(b) f
(c) f
(d) g

x) is irreducible over Z[x], g(x) is not.
(x) is irreducible over Z[z|, f(x) is not.
141. The polynomial f(x) = z is

(a) irreducible over any ring R.  (b) irreducible but not prime over any ring R.
(c) can be factored in some polynomial ring.  (d) has no roots.

142. In I(R[)x], L? I={f(x) eRlz]: f(2) = f'(2) = f"(2) =0} and J = {f(z) € R[z] : f(2) =
F(3) =0
(a) I,J are ideals in R[z].  (b) I is an ideal, J is not.
(c) Neither I nor J is an ideal.  (d) [ is a prime ideal in R[z].
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