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Mumber Theory

Prime Counting Mumbers Compos1ite
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Includes The Most Important Unsolved Problem
in Mathematics: The Riemann Hypothesis
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Mumber Theory
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Sample Problems:

« Finding all mnumbers that satisfy some proper iy
= Find all integers n where 6(3°2)n 15 an integer
« Finding properties of the divisors of a number

E=: Find the nmnumbeyr of factors of 14°



GeomeTry

Sample Problem:

Mhat i1is the
area ot Tthe
shaded region??




Algebra

]
Sample Problems:
B + 20 = 0O « Finding the ma=imum- mirnLmum
value of some FTunction
w2 4+ Zm — 4 = « Finding the formula for some

number sSequence
« Proving an i1nequaliiy

« Finding the xeros of a
—b i \/bz — 4qac poluynomial
X = Za' Example:

Can you fTind the number
of mays to tile a Z2=%
rectangle with 1=2#
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Other Areas ot Math

Topology Analysis




Houn 11T Feels 1To Soluve
Froblems

Aha Moments




Houn 11T Feels 1To Soluve
Froblems

Tm2 — 294= + 2639 = 0

b+ Vb2 — 4ac
20

) —

- —(—294) +/(—294)% — 4(7)(2639) x = 12, 29
T 2(7)




Houn 11T Feels 1To Soluve

Problems
]
w2 — 294w + 2639 = O = = 12, 29
Strategy 1
Problem Strategu 2 Insight Solution

Strategy 3

Dead End



Houn 11T Feels 1To Soluve
Froblems

Take Breaks
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The Train Problem

G40 kmh
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The Train Problem

G40 kmh




The Train Problem

2 km. h 40 km."h




Mhat'=s=s tThe PoinT?

Math Contests:
—COMC (All Grades) — 28 Oct 21 — %25
- CIMC. CAll Grades) — 17V NHowv 21 - %12
(All Grades) — 16 Feb 22 - 5k

—Pascal-Cauley-Fermat (971011 — Z35 Feb 22 - %5

(12 — 3 Apr 22 - %16
—CTMC {(All Grades)y — 7 Apr 22
—Fruer-Galois-"Hypatia (971011 — 12 fApr 22 — 10



Mhat'=s=s tThe PoinT?

“"Teaching tTo solwve problems 1s
education of the will. Solving
problems which are not too easy
vy The student learns To
persevere through unsuccess, To
appreciate small advances, To
wmait for tThe essential i1idea, To
concentrate with all their might
wmhen 1t appears. IT the student
had no opportunity in school To
familiarire tThemselwves wmith the
varying emotions of the struggle
for the solution, their
mathematical education failed 1in
tThe mos+ vital point. ™

—George Polya



FProoTts

An argument that would
Convince a reasonable person
tThat your solution is correct.

Hou many
factors does

147 have?

Proofs are important



Heturn of The Train

v km-h F0 km-h
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Return of The Train

G40 kmh

v km-h .
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Heturn of the Train

(1 (A3-°%)b"v = d 40
(2 (3°8)b v = (d+b). 40

(382340 v = d- b
197w = dsb

153w = 23-"v — 1 —3
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Heturn of The Train

10 km-h F0 km-h
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Heturn of The Train




Heturn of The Train

2 km.-h . s 40 km-h
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Heturn of The Train

G40 kmh

HMe must travel 4

tTimes as slou as
tThe train.

Our speed = 409 10 km.“h




Train Problem: Full ProoT

Since you can run 3% of the bridge in the
tTime 1t takes the ftrain to reach the start
of the bridge, 1f you decide To run 3% of
tThe way to the end of the bridge, you wmwill
be 5-°% + A37°% = 4779 of the wmay across the
bridge when the train meets the start of the
bridge.

Your distance +to the end of the bridge i1s
now 1-94 the length of the bridge, wmhile
tTrain's distance i1is the fTull length of the
bridge. Since you arrive there at the same
tTime as the train, you must run 194 Tthe

speed of the train. The train travels at 40
km-h, so0 you must run at 10 km-"hh. «



Meek 1 — Sept 29 dF

Mrite a proof for each of the fTollowing problems
by nNnext neek.

1. Three pumpkins are uwmeighed 2 at a
Time in all possible maus. The uwmeights
are 17 kg, 15 kg, and 159 kg. HMHhat i1is the

mass of the lightest pumpkin®

2., Is N2 — n + 941 prime for eveary
positive integer n?

A. HWhat i1is the units digit of 5202179



