
 
 
 
 

5.4 More Primes 

[Say: In todays class we put together the divisibility test with the Fundamental Theorem              	

 of Arithmetic (FTA) ] 

Test Primality 

To test if a number n is composite or prime:

1st: Need only check for prime factors.

	 If n is composite, 		 n = P
1
 P

2
 . . . P

k
		  (by FTA)

					        = P
1
   (some whole #)

					           n has prime factor. 

 

[Say: This is obvious, if n is divisible by 6, then it must be divisible by 2 and 3.]

 

2nd: Need only check primes up to   n . 

 

Ex	 Factors of 36:	 1	 2	 3	 4	 6	 9	 12	 18	 36

 				        prime factors		  36 					      					    					      of 36 

	 2 = smallest P.F.  <  36

 

Ex 	 What is 13 x 17 ? 		 221

	  

	 Factors of 221:	 1	 13	 17	 221

	 13 = smallest P.F.  <  221 ≈ 15

What to bring to class:
Ask students to bring PM 
4A and 5A.

.

MM: 152 - 22



Guess:	 1 < smallest P.F. <   n

Check:		 n = P
1
   P

2
   P

3
 . . . . P

k
		  by FTA

Assume P
1
 is smallest P.F.

Then 		  n = P
1
   P

2
 . . . . P

k
 > P

1
   P

2
 > P

1
   P

1

	 n > P
1
2		 n > P

1

	 At least one factor of a composite # must be <  n . If not, n is prime.

 

Primality Test: To test if a number n is prime, one need only search for prime factors 

		      p of n with p <  n. 

Ex	 Is 163 prime?		  163 <  169 = 13

 

	 2	 3	 5	 7	 11	 13 

	
	     Div. test	        140     110   169 - 6 
				    23	 53	  
				    No	 No	    NO

	 Yes 163 is prime 

 

Ex	 Is 1001 prime?	 1001 <   1032 =   210

						       = 25 = 32

 

	 2	 3	 5	 7	 11	 13	 17	 19	 23	 29	 31 

	        D.T.	 700 

			   280 

		     	    21
		   Division Lemma. 

. .

. . .

Estimate



No. 1001 is not prime! 

 

The number of primes.

 

Have students do the following exercise: 					     [3 - 4 min] 

Create a handout (using Mathematica, etc.) of all primes up to 2000. Ask them to count the 

# of primes in each of the intervals: 0 - 250, 251 - 500, 501 - 750, 751 - 1000, 1001 - 1250, 

1251 - 1500, 1501 - 1750, 1751 - 2000. 

 

Have them generate this table: 

		    Interval 		  # of primes 

		    0 - 250		       50 

		   251 - 500		       42 

		   501 - 750		       37 

		   751 - 1000		       36 

		   1001 - 1250		      36

		   1251 - 1500		      35 

		   1501 - 1750		      33 

		  1751 - 2000		      31 

 

The idea, of course, is to get them to say that there are a finite # of primes. 

 

 

 

 

 

Ask:

  Is the # of primes increasing or  
  decreasing? 
 
  Make a conjecture about the #  
  of primes.

.

.



Then draw: 

	 50 

	 40 

	 30 

	 20 

	 10 

 
		  0	 250	 500	 750	 1000	 1250	 1500	 1750	 2000			  Finite #! 

 

[Say: Furthermore, HW 4 in todays HW shows that for any # n, there is n consecutive #’s 

which are not prime. There seems to be a lot of evidence for a finite number of primes]

	 Tell students to put space here . . .

Conjecture: There are a finite # of primes. 

If so, list them in order: 

 

	 2, 3, 5, 7, 11, . . . . . . . . . . P 
						      greatest prime. 

and consider 	 N = (2   3   5   . . . . . . . . P) + 1 

By FTA, since N > 1 it is prime or a product of primes. But it can’t be prime since N > P.  

												            largest prime 

 

Since it is a product of primes, some prime p > 1 in the list 2, 3, . . . ., P must divide N. 

 

. .



Since 2   3   . . . . . . . . P and N are div by P, the division lemma     1 is div. by P.

 

  Contradiction because p > 1.  

	 [Say: Our conjecture must be wrong! The opposite must be true]

  There are an infinite # of primes.

[ Now, go back and fill in “ Theorem [Euclid] : There are an . . . . . ,” before conj., erase  

   “conjecture:” and replace with “Proof : Suppose,” then put box    .

This type of proof is called “Proof by contradiction.” It is useful in teaching as well:

[Say: 

	 Jimmy states “(a + b)2 = a2 + b2”

	 Tell Jimmy, if this is true, then 

		  (6 + 7)2 = 62 + 72 = 36 + 49 = 85
	 But				        +1
		  132 = 169			   Contradiction!

	 Something must be wrong with your formula!]

HW	 Read § 5.4 Do HW set 21. 

.
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