Math 250 11 April 2025 Midterm 2

1. (a) [6 points] Determine the remainder when 19209 is divided by 22.
No mod 22 multiplication table is proved, but there is a way to do this by hand without
lengthy arithmetic.

(b) [6 points] Determine the remainder when 59" is divided by 23.
You may refer to the modulo 23 multiplication table at the back of the exam packet.

2. [12 points| Solve the following pair of congruences for z. That is, find a single congruence for
x describing all solutions to the pair of congruences.

r=1mod 17
z = 6 mod 23

3. (a) [6 points] Determine e;7(2) (the order of 2 modulo 17).
(b) [6 points] Show that e;7(6) = 16.

4. [12 points] Let n be a positive integer. Prove that the last two digits of n” are “99” if and only
if the last two digits of n are also “99”.

5. [12 points] Suppose that p, ¢ are two distinct prime numbers, and that ¢ is a number such that
ep(g9) = q. Prove that if i is a positive integer such that gcd(i,¢q) = 1, then ¢g* also has order ¢
modulo p.
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| JJoJ1 |2 ]3[4 [5[6 |7 [8 9 [10]11]12]13[14[15|16[17[18|19[20]21]22]
of[ofo [o [o]o ]o oo o] o ]o [o o o o o |0 o o [0 [0 [0 O
1]o]1 |2 |3 |4 |5 [6 [7 [8 ]9 |10]11]12 13|14 15|16 [17 [18 |19 [20 |21 |22
2[0/2 |4 |6 [8 [10[12]14]16]18]20[22 |1 |3 [5 |7 |9 [11 |13 [15[17 |19 [21
3[0[3 |6 |9 [12][15]18|21|1 |4 |7 [10 13 |16[19 |22 |2 [5 |8 [11[14 |17 [20
404 [8 [12[16]20]1 |5 13117 (212 |6 [10[14 |18 [22[3 |7 [11[15 |19
5[0[5 [10]15[20]2 12117]22 4 [9 |14 ]19[1 |6 |11[16 |21 [3 [8 |13[18
606 [12]18[1 [7 [13/19/2 |8 [14[20[3 |9 [15 21 |4 [10 |16 |22 |5 |11 |17
7]0]7 J14]21[5 [12]19]3 |10]17]1 [8 [15|22[6 |13 |20[4 |11 [18[2 |9 [16
8/lo|8 [16]1 [9 [17]2 10183 |11 [19[4 [12[20 |5 |13 [21 |6 |14 [22|7 |15
9/l0]9 [18]4 [13[22]8 |17|3 |12]21[7 [16 |2 [11|20|6 [15|1 [10[19 |5 [14
100[10/20|7 |17|4 [14]1 [11[21[8 |18 |5 [15|2 [12[22|9 |19 |6 |16 |3 |13
11 /0[11]22[10|21|9 |20 19|7 |18[6 [17]5 [16 |4 [15[3 |14 |2 [13 |1 |12
12]0[12]1 [13|2 |14[3 [15]4 [16]5 |17 [6 [18 |7 [19[8 [20]9 |21 |10 [22 11
130133 [16|6 |19]9 |22]12[2 [15 |5 [18[8 |21 [11 |1 |14 ]4 [17]7 [20[10
140145 [19]10|1 [15]6 [20[11[2 |16 |7 [21 |12[3 [17 |8 [22 |13 |4 [18 |9
15]/0[15|7 |22|14|6 [21[13]5 [20]12 |4 |19 11 |3 [18[10 |2 [17|9 |1 [16 |8
16 |[0[16/9 |2 |18|11]4 [20]13[6 [22 |15 |8 [1 |17 ]10[3 |19 |12 |5 |21 |14 |7
17017115 |22|16]10[4 [21][15]9 |3 [20[14|8 [2 [19 |13[7 |1 |18[12 |6
18 /018138 |3 |21[16|11]6 [1 [19 |14 ]9 [4 |22 [17[12 |7 [2 |20 |15[10 |5
19 /0191511 |7 |3 |22[18[14[10]6 |2 [21[17 |13[9 [5 |1 [20 |16 |12[8 |4
20[0/20)17)14[11[8 |5 [2 [22]19]16 [13[10 |7 |4 [1 |21 [18[15|12]9 [6 |3
20 J0[21]19[17[15[13[11[9 [7 [5 [3 |1 [22[20[18 1614|1210 |8 |6 |4 [2
22 []0[22]21[20]19]18[17[16[15]14 13 [12 [11[10]9 |8 |7 |6 |5 |4 [3 [2 |1




