
Congruences



Congruence
Definition: Let n be a natural number and let a and b be integers.
We say that a and b are congruent modulo n if n|(a ≠ b). We
write this as a © b (mod n).
Examples:

8equiv4 mod 2

7equiv2 mod 5 2left8yright5left72right
101equiv64mod37 37 01 64

which x areequiv1 mod 3

5210471013ldots 3leftx1rightx13kx3k1 KinmathbbZKinmathbbZ



Some basic properties of congruences
Proposition: Let n be a natural number and let a, b, and c be
integers. Congruence has the following properties:
I a © a (mod n).
I If a © b (mod n) then b © a (mod n).
I If a © b (mod n) and b © c (mod n) then a © c (mod n).

(Chapter 5, Problem B19)

nleftaaright n 0 be care 0ncdot0

nleftahrightRightarrowabknbaleftkrighteta

If nleftbaright and n leftabright then nleftccright

leftbeginmatrixbakncbknendmatrixright want cakn

cbbaleftkkrightnaa kkk



More properties
Arithmetic Progressions.
What is {x : x © a (mod n)}?

leftxxequiv1mod3right
divleft85214710ldotsright

leftXXcongSmodYright
528 17 6 5162738ldots



Congruence arithmetic.
Proposition: Given integers a, b, c , and a natural number n,
ifa © b (mod n) then
I a + c © b + c (mod n)

I ac © bc (mod n)

I ar © br (mod n) for any natural number r .



Casting out nines


