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MAT 311 Number Theory, Spring 2015

-- Some of the topics we will cover are: Congruences, quadratic residues, quadratic forms, continued

fractions, Diophantine equations, number-theoretical functions, and properties of prime numbers.

Organizational Information

Class schedule: TTh 2:30PM- 3:50PM, Physics P127, Spring 2015

Textbook: An Introduction to the Theory of Numbers by I. Niven, H. S. Zuckerman, H. L. Montgomery

Office Hour: TTh 12:30pm-1:30pm
Math Learning Center: Math Learning Center, in Math Tower S-240A, is there for you to get help

Schedule, Homeworks, and Grades

Grading Policy

Homework = 50%

Maximum of Midterm 1, Midterm 2, and Final Exam = 25%

In class presentation = 25%

Your final letter grade will be curved following the performance of the whole class.

Homeworks

Homework sets can be found

Schedule Notes and Homeworks
Homework will be assigned every Thursday and collected the following Tuesday in class.

Homework counts 50% of your total scores.

No late homework will be accepted. Instead, the lowest 3 homework grades will be dropped.

Exams

Make sure that you can attend the exams at the scheduled times.

Make-ups will not be given.

If one midterm exam is missed because of a serious (documented) illness or emergency, the

semester grade will be determined based on the balance of the work in the course.

Exam Arrangements

What  When  Where 

 Midterm  1  March 12 2015, In Class  Physics P127

 Midterm  2  April 14 2015, In Class  Physics P127

 Final Exam  May 18 2015 , 11:15am-1:45pm  Physics P127

University Statements

Disability Support Services (DSS) Statement
If you have a physical, psychological, medical or learning disability that may impact your course work,
please contact Disability Support Services, ECC (Educational Communications Center) Building, room
128, (631) 632-6748. They will determine with you what accommodations, if any, are necessary and
appropriate. All information and documentation is confidential. Students who require assistance during
emergency  evacuation  are  encouraged  to  discuss  their  needs  with  their  professors  and  Disability
Support Services. For procedures and information go to the following website

http://www.stonybrook.edu/ehs/fire/disabilities

Academic Integrity Statement

Search this site



Each student must pursue his or her academic goals honestly and be personally accountable for all
submitted  work.  Representing  another  person's  work  as  your  own  is  always  wrong.  Faculty  are
required to report any suspected instances of academic dishonesty to the Academic Judiciary. Faculty
in the Health Sciences Center (School of Health Technology & Management, Nursing, Social Welfare,
Dental Medicine) and School of Medicine are required to follow their school-specific procedures. For
more comprehensive information on academic integrity, including categories of academic dishonesty,
please refer to the academic judiciary website at:

http://www.stonybrook.edu/commcms/academic_integrity/index.html

Critical Incident Management Statement
Stony Brook University expects students to respect the rights, privileges, and property of other people.
Faculty are required to report to the Office of Judicial Affairs any disruptive behavior that interrupts
their ability to teach, compromises the safety of the learning environment, or inhibits students' ability
to learn. Faculty in the HSC Schools and the School of Medicine are required to follow their school-
specific procedures.

Report Abuse | Powered By Google Sites



Your solution to each problem should be complete and be written in complete sentences where appropriate

Lecture Date Topics Lecture Notes Homeworks

Lect 01 Tu 1/27/2015 Cancelled due to blizzard

Homework 01
 Due 02/12Lect 02 Th 1/29/2015 1.1 Instroduction to Number Theory,

 1.2 Divisibility: b = aq + r lecture 02

Lect 03 Tu 2/3/2015 1.2 Divisibiliy: greatest common
 divisor, Euclidean Algorithm lecture 03

Lect 04 Th 2/5/2015 1.3 Primes lecture 04
Homework 02

 Due 02/19
Lect 05 Tu 2/10/2015 1.4 binomial coefficient lecture 05

Lect 06 Th 2/12/2015 2.1 Congruence (Introduction) lecture 06
Homework 03

 Due 2/24
Lect 07 Th 2/19/2015 2.1 Congruence 2.2 Slutions of

 Congruences lecture 07

Lect 08 Tu 2/24/2015 2.2 Solutions of Congruences, 2.3
 The Chinese Remainder Theorem lecture 08

Homework 04
 Due 3/3

Lect 09 Th 2/26/2015 2.3 Chinese Remainder Theorem
 and Solving Polynomial Equations lecture 09

Lect 10 Tu 3/3/2015
2.4 Divisibility among polynomials
 and more Solving Polynomial
 Equations

Lecture 10
No homework

Cancelled Th 3/5/2015 Cancelled due to blizzard Cancelled due to
 blizzard

Lect 11 Tu 3/10/2015 Review for Midterm I Lecture 11
Homework 05

 Due 3/24Midterm 1 Th 3/12/2015 Midterm 1: It will cover materials
 from Lect 01 to Lect 11 Midterm I

Lect 12 Tu 3/24/2015 Primitive roots and order of a mod m Lecture 12

Lect 14 Tu 3/31/2015 Primitive roots and order of a mod m Lecture 14 Homework 06
 Due 03/31

Lect 15 Th 4/2/2015 Quadratic Reciprocity Lecture 15 Homework 07
 Due 04/09Lect 16 Tu 4/7/2015 Talks at Simons Center

Lect 17 Th 4/9/2015 Jacobi Symbol Lecture 17
HW 08

 Practice
 midterm II

 (with
 solutions)

Midterm II Tu 4/14/2015

Midterm II: It will cover materials
 from Lect 01 to Lect 14 (mainly
 chapters after midterm I);
 However, materials covered after
 midterm I require knowledge
 throughout the semester

Midterm II

Square Roots, Tonelli's Algorithm, Homework 09

https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeNkQ5ZWFBTXNTMUk/view?usp%3Dsharing&sa=D&ust=1462662157656000&usg=AFQjCNE2p8rVzynouvhCHYsEJGuwoGP4NA
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeNkQ5ZWFBTXNTMUk/view?usp%3Dsharing&sa=D&ust=1462662157656000&usg=AFQjCNE2p8rVzynouvhCHYsEJGuwoGP4NA
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeecF9pcEtXc3pLUm8/view?usp%3Dsharing&sa=D&ust=1462662157656000&usg=AFQjCNEqZ7p9KAh1VdU_yutkx7tDuTU5CA
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeRmF1OWVfbENNeUk/view?usp%3Dsharing&sa=D&ust=1462662157657000&usg=AFQjCNHZZxBUIvgCpTVs5fnFP48fb_FL5g
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeWFN4NTVrZDRKaXM/view?usp%3Dsharing&sa=D&ust=1462662157657000&usg=AFQjCNG8QBkAsoULGGn_aM7h8_32mDwifw
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeZ0lRYUtSa05ocEE/view?usp%3Dsharing&sa=D&ust=1462662157657000&usg=AFQjCNHcwH7YHdbjhfJOtdPGhOvDbFR9tg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeZ0lRYUtSa05ocEE/view?usp%3Dsharing&sa=D&ust=1462662157657000&usg=AFQjCNHcwH7YHdbjhfJOtdPGhOvDbFR9tg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeOWpfVk16ZktUZEE/view?usp%3Dsharing&sa=D&ust=1462662157657000&usg=AFQjCNH8WyGKxp0Vc3OomedoIWlLMisWQg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeTHlQZVA5UzdRZEU/view?usp%3Dsharing&sa=D&ust=1462662157657000&usg=AFQjCNHLstLKIRhn5TKl_FEKjm440ah6mQ
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeebjJJOGVqVVF4Sms/view?usp%3Dsharing&sa=D&ust=1462662157658000&usg=AFQjCNFzQ2GvFY_aSTJ7rOAdpRiXBlhGeQ
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeebjJJOGVqVVF4Sms/view?usp%3Dsharing&sa=D&ust=1462662157658000&usg=AFQjCNFzQ2GvFY_aSTJ7rOAdpRiXBlhGeQ
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeRWdicHl3SXhSX28/view?usp%3Dsharing&sa=D&ust=1462662157658000&usg=AFQjCNHRDBIkx8f2baCdjUAivSLJHvKFOw
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeQ2NqbUtoWEZJVTg/view?usp%3Dsharing&sa=D&ust=1462662157658000&usg=AFQjCNF3V1mGS65zAec3svwCb3IppU0rtw
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeealdTWndNdjRpbmc/view?usp%3Dsharing&sa=D&ust=1462662157658000&usg=AFQjCNFps32-KNw64Jvb2O4_TqHk6N87og
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeealdTWndNdjRpbmc/view?usp%3Dsharing&sa=D&ust=1462662157658000&usg=AFQjCNFps32-KNw64Jvb2O4_TqHk6N87og
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeaXpKSWFYdnRyR00/view?usp%3Dsharing&sa=D&ust=1462662157658000&usg=AFQjCNE9UKI5uwtN1Y3JiFK_HrpCBoR62g
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeQW1Bdk94NkVrR0U/view?usp%3Dsharing&sa=D&ust=1462662157659000&usg=AFQjCNF4c2xBEm84meGpq4o0Rgm-Ot36-A
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeWmhkOTdXOTFmRW8/view?usp%3Dsharing&sa=D&ust=1462662157659000&usg=AFQjCNFp0RTIzPouau5kJ4nAVfMIMon1Gg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeebzJLUWRVdjhTZnc/view?usp%3Dsharing&sa=D&ust=1462662157659000&usg=AFQjCNG2O8-v8m9QoJNNDXmkTKf5BDQgKA
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeebzJLUWRVdjhTZnc/view?usp%3Dsharing&sa=D&ust=1462662157659000&usg=AFQjCNG2O8-v8m9QoJNNDXmkTKf5BDQgKA
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeLUc4ZER1d0daa2s/view?usp%3Dsharing&sa=D&ust=1462662157659000&usg=AFQjCNGqbfwguvwFgGzHbhz02UZTpYX2Mg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeec19WMEEyczhDSkE/view?usp%3Dsharing&sa=D&ust=1462662157659000&usg=AFQjCNF9nGCl4Rvr-1CIvqV6yTHimdK06Q
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeNW1McG9vVzFuNUU/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNHekNROgm_z4RaIsm5i7O3GMDV6dQ
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeUnVEMmpvOUVWSlE/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNF-768JvHLWhAsOUz1yIJVI9Q21LA
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeUnVEMmpvOUVWSlE/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNF-768JvHLWhAsOUz1yIJVI9Q21LA
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeebG5YQkgwU1ptQzg/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNHRxeVwQ9Y92_SBkaKiMtI-HJi-Tw
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeTVAzYmVBaGR4UDA/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNFVGKNJL_TLwOydhfwK1FNCOUCq4w
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeTVAzYmVBaGR4UDA/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNFVGKNJL_TLwOydhfwK1FNCOUCq4w
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeaFExdjBZQi1McGM/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNGzv85Q_vf43ZU8NB48vUCKetd0eQ
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeMVd1aXJXX2xTdUE/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNE79Mh_gI7o0CfdUxh1Aq5KE81GPg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeMVd1aXJXX2xTdUE/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNE79Mh_gI7o0CfdUxh1Aq5KE81GPg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeMVd1aXJXX2xTdUE/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNE79Mh_gI7o0CfdUxh1Aq5KE81GPg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeMVd1aXJXX2xTdUE/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNE79Mh_gI7o0CfdUxh1Aq5KE81GPg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeMVd1aXJXX2xTdUE/view?usp%3Dsharing&sa=D&ust=1462662157660000&usg=AFQjCNE79Mh_gI7o0CfdUxh1Aq5KE81GPg
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeQnpnVHN2SWNTbG8/view?usp%3Dsharing&sa=D&ust=1462662157661000&usg=AFQjCNG6P0tapce5DBA_zBTGzel9pZyVJw


Lect 18 Th 4/23/2015  Number os consecutive paris of
 squares mod p

Lecture 18  Due 04/30

Lect 19 Th 4/30/2015 Cyclotomic Polynomial and Mod
 n==1 Lecture 19 Practice final

https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeaFExdjBZQi1McGM/view?usp%3Dsharing&sa=D&ust=1462662157661000&usg=AFQjCNELWq_C6uzDj7bJJNH4baqnrYdVDQ
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeQnpnVHN2SWNTbG8/view?usp%3Dsharing&sa=D&ust=1462662157661000&usg=AFQjCNG6P0tapce5DBA_zBTGzel9pZyVJw
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeNmdWR19qSldQWEItT1pTcURtOTVCb0NON05v/view?usp%3Dsharing&sa=D&ust=1462662157661000&usg=AFQjCNH_VSySVG_7TJDothATkho5d_2jVw
https://www.google.com/url?q=https://drive.google.com/file/d/0B6uxAEXpzyeeMTU2emZNV3lrd2c/view?usp%3Dsharing&sa=D&ust=1462662157661000&usg=AFQjCNFhSqts92-SEHzrRyM1YPUaWcjK0A
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Midterm Exam I

Spring 2015 MAT 311 Number Theory

March 9, 2015

• Last Name (print):

• First Name (print):

• ID number (print):

Instructions

• Please answer each question in the space provided, and write full solutions.

• Please show all work, explain your reasons, and state all theorems you appeal to.

• Unless otherwise marked, answers without justification will get little or no partial credit.

• Cross out anything the grader should ignore and circle or box the final answer.

• Do NOT round answers.

• No books, notes, or calculators are allowed while taking the exam.

1



2

Problem Full Points Scores

1 30

2 30

3 20

4 20



3

Question 1: (a) [10 pts] Compute gcd(91, 112) using any algorithm at all (even being psychic, i.e.,no
proof required just get the right answer).

(b) [20 pts] Find integers x and y such that 112x− 91y = 2 · gcd(91, 112).



4

Question 2: [30 pts] Determine if the following linear congruence system has a solution. If so, find
ALL integer solutions.

3x ≡ 7(mod 19)

x ≡ 26(mod 17)

2x ≡ 3(mod 5)

x ≡ 4(mod 10)

x ≡ 1(mod 3)



5

Question 3: Let f(x) ∈ Z[x], f(x) = x18 + 17x3 + 16

(a) [5 pts] Find all solutions of the congruence f(x) ≡ 0 mod 17;

(b) [15 pts] Find one solution of the congruence f(x) ≡ 0 mod 173;



6

Question 4: [20 pts] Let f(x) = x7 − 1. Determine if f(x) ≡ 0 ( mod 127) has distinct solutions
( mod 127).























































Spring 2015 MAT 311 Number Theory

Homework 01, Due 02/12/2015 in class

Letao Zhang

February 4, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

Problems:
Section 1.2:

• 1 (a) (c)

• 3 (a) (e)

• 4 (a)

• 12

• 16

• 23

• 35

• 43

1



Spring 2015 MAT 311 Number Theory

Homework 02, Due 02/17/2015 in class

Letao Zhang

February 4, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

Problems of Section 1.3:

• 6

• 11

• 20

• 22 (6) (8) (12) (13) (15)

• 16

• 27

1



Spring 2015 MAT 311 Number Theory

Homework 03, Due 02/24/2015 in class

Letao Zhang

February 17, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

Problems of Section 1.4:

• 4

• 10

Problems of Section 2.1

• 6

• 7

• 10

1



Spring 2015 MAT 311 Number Theory

Homework 04, Due 03/03/2015 in class

Letao Zhang

February 24, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

Problems of Section 2.1

• 18

• 23

• 43

Problems of Section 2.2

• 5 (a), (d)

• 6

• 8

Problems of Section 2.3

• 1

• 7

• 8

1



Spring 2015 MAT 311 Number Theory

Homework 05, Due 03/24/2015 in class

Letao Zhang

March 13, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

1. Solve (by hand) the congruence x3 − 9x2 + 23x− 15 ≡ 0 ( mod 143).

2. What are the last two digits of 2100 and of 3100 ?

3. Find the number of solutions of x2 ≡ x ( mod m) for any positive
integer m.

4. Let property P be : for any a coprime to n, we have an−1 ≡ 1 ( mod n)

(a) Show that the number n = 561 satisfying P

(b) Let n be a squarefree composite number satisfying P. Show that
n has at least 3 prime factors

(c) Write down a sufficient condition for n = pqr (where p, q, r are
primes) to satisfy property P.

5. Do there exist arbitrarily long sequences of consecutive integers, none
of which are squarefree? (i.e. given any positive integer N, does there
exist a sequence of integers x, x + 1, ..., x + N − 1 such that none of
these is squarefree?) Prove your assertion.

1



Spring 2015 MAT 311 Number Theory

Homework 05, Due 03/31/2015 in class

Letao Zhang

March 26, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

Section 2.8

• 1

• 3

• 8

• 12

• 13

1



Spring 2015 MAT 311 Number Theory

Homework 05, Due 04/07/2015 in class

Letao Zhang

April 2, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

Section 3.1

• 7

• 10

• 15

Section 3.2

• 1

• 3

• 4 (a) (d) (e)

1



Practice MidtIerm Exam I

Spring 2015 MAT 311 Number Theory

April 8, 2015

• Last Name (print):

• First Name (print):

• ID number (print):

Instructions

• Please answer each question in the space provided, and write full solutions.

• Please show all work, explain your reasons, and state all theorems you appeal to.

• Unless otherwise marked, answers without justification will get little or no partial credit.

• Cross out anything the grader should ignore and circle or box the final answer.

• Do NOT round answers.

• No books, notes, or calculators are allowed while taking the exam.

1



2

Question 1: Determine if a is a quadraitic residue mod p

(a) a = 2, p = 13

(b) a = 5, p = 23

(c) a = 10, p = 13

(d) a = 25, p = 23

Answer:

(a) No

(b) no

(c) yes

(d) yes

Question 2: Determine the number of primitive roots mod m

(a) m = 4

(b) m = 6

(c) m = 7

(d) m = 101

(e) m = 100

Answer

(a) 1

(b) 1

(c) 2

(d) 40

(e) 0

Question 3: Find the order of a mod m, AND determine if a is primitive.

(a) a = 2, m = 27

(b) a = 5, m = 27

(c) a = 10, m = 27

Answer

(a) 18

(b) 18

(c) 3

Question 4: Can you find a number a such that every number in {1, 2, 3, . . . , 16} can be expressed as
a power of a mod 17. Justify your answer. Answer: Yes.

Question 5: Find the order of 2, 4 mod 31 answer:

(a) ord31(2) = 5

(b) ord31(4) = 5
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Question 6: compute the following Legendre Symbol

(a)
(
8
7

)
(b)

(
8
17

)
answer

(a) 1

(b) 1

Question 7: Determine if the following quadratic residue mod p is solvable. If so, find all solutions
mod p

(a) 2x2 + 3x− 1 ≡ 0 mod 7

(b) x2 − 5 ≡ 0 mod 13

answer

(a) not solvable

(b) not solvable



Spring 2015 MAT 311 Number Theory

Homework 09, Due Thursday 04/30/2015 in class

Letao Zhang

April 23, 2015

Your solution to each problem should be complete, and be written in com-
plete sentences where appropriate. Please show all work.

Textbook: An introduction to the theory of numbers, fifth Edition, by
Ivan Niven, Herbert S. Zuckerman, Hugh L. Montgomery

Section 3.3

• 1

• 3

• 5

• 9

Section 3.4

• 1 (c) (e)

• 4

1



Practice Final Exam

Spring 2015 MAT 311 Number Theory

May 5, 2015

• Last Name (print):

• First Name (print):

• ID number (print):

Instructions

• Please answer each question in the space provided, and write full solutions.

• Please show all work, explain your reasons, and state all theorems you appeal to.

• Unless otherwise marked, answers without justification will get little or no partial credit.

• Cross out anything the grader should ignore and circle or box the final answer.

• Do NOT round answers.

• No books, notes, or calculators are allowed while taking the exam.

1
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Question 1: Find (2100, 72) and [2100, 72]

Question 2: Find the value of the Legendre symbol (
73

107

)
Question 3: Suppose (a, b) = d and d is not a divisor of g. Prove that the equation ax2 + by2 = g has

no solutions with integers x, y.

Question 4: Suppose p is an odd prime and a is a quadratic residue of p. Prove that a is not a prmitive
root of p

Question 5: Let a = 27 · 34 · 119 · 19 and b = 217 · 72 · 11

(a) find (a, b) and [a, b]

(b) Find the number of divisors of a

(c) Find φ(a) and φ(b)

Question 6: Prove that for every integer n, (n, 2n2 + 1) = 1

Question 7: True or False. Answer True or False.If it’s false, please provide explanations, proofs or
counterexamples.

(a) Every positive integer has a unique factorization into primes

(b) There are infinitely many primes p such that p+ 5 is also a prime

(c) Every prime has a primitive root.

(d) For all positive integers m,n and all integers a, b the system of congruences has a
solution x

x ≡ a (mod m)

x ≡ b (mod n)

(e) There are infinitely many primes p such that p+ 3 is also a prime

(f) For all positive integers n and for all bsuch that (b, n) = 1, ordnb = φ(n)

Question 8: For each congruence, determine (with some explanation ) if there are solutions or not.(x
and y are integers)

(a) 8x ≡ 2 (mod 180)

(b) x7 ≡ 2 (mod 47)


