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Similarly we could define a right ideal of 8. IF L s a left deal of /£ and a
ehight leleal of R, we say that L s o two-sided ideal of R

FEE (used in the same way that normal subgrovps are nsed in group theory ).
£ F
e NG =G — F* = g.N s a group homomorphism with kernal

N and image %. the fuctor group or quotient group of & by N,

% = {gN | g € G}.

Recall : 1% 28 g 3 jsomorphism theorems of groups.

Lat £ be an ddeal of R We write [ < B, Notlee that £ i8 a ring (usually
without the multiplicative identity 1,). == I is a subring of R

Example 1.30 Consider the ring (£,4,+). Lletn € E. Then [ = nl =
{na:aeZ)isa(two sided) ideal of Z, since

na = nb=nla=b) e nkva bel
c{n.a) =nlca) € nEV¥ec e L

Example 1.40 Consider the ving (Eq, +, ). What are the ideals of (g, +, )
¥ Now consider the subsel Iy = {2.a @ a € Ly} = {0,2,4}. [y 15 an ideal of
Ly} (exercise). Iy = {da ! a € Ez} = {0,3} is an ddenl of Ly} (erercise).
0= {0} aZs}. Also Ty 9E;. Note that Ty} is the only ideal of Lq) which

containg 1z, Note : [) = {la : a € g} = Zy. Are there any more ideals of
Ly ¥ Let I be an ideal of £y, What is the size of I ¥

Lemma 141 | Langrange theorem for vings | Let I be an wdeal of a finite
ring K. Then |1 /| R|.

Proof. (f. 4] is o group, (I, 4) is a subgroup. Apply Lagranges theorem
(for groups), we get |[] /| 7. |

Applying this lemma to the previous example, we see that |[f| =1, 2, 3 or 6.
If |f] = 1, then [ = {0Og}. If |{| = 6, then I = Zg. If || = 2, then | = {0, 3}.
If || = 3, then [ = {0,2,4}, Thus Zy has 4 ideals.




