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- Geometry - 1 point
University o South Carolina HS Math Contest (1993 #1)

I the width o a rectangle is doubled and the length is
increased by 3, then the area is tripled. What is the length
o the rectangle?

- Geometry - 2 points
AMC 10A (2013 #14)

A solid cube o side length 1 is removed rom each corner
o a solid cube o side length 3. Howmany edges does the
remaining solid have?

- Geometry - 5 points
AHSME (1967 #33)

In this diagram, semi-circles are constructed on diameters

and , so that they are mutually tangent. I, ,  

and are perpendicular, then find the ratio o the shaded

area to the area o a circle with as radius (in the orm
). : 

- Geometry - 5 points
AHSME (1987 #14)

is a square and and are the midpoints o and   
respectively. Find sin , where . (θ) θ = ∠

- Geometry - 6 points
AMC 12A (2011 #15)

The circular base o a hemisphere o radius 2 rests on the
base o a square pyramid o height 6. The hemisphere is
tangent to the other our aces o the pyramid. What is the
edge length o the base o the pyramid?

- Estimation - 3 points
Alan Yang (alanyang2338@g.ucla.edu)

Let be the number oways to order the integers


. Which range would all into?1, 2, ...,  
100

A. 70
70
< 

100
< 80

80

B. 80
80
< 

100
< 90

90

C. 90
90
< 

100
< 100

100

D. 2
99
< 

100
< 2

101

E. 50
100

< 
100

< 99
99
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- Estimation - 3 points
Adapted rom standard problem set

Howmany zeros are at the end o 1000!? Recall that n! is
equivalent to 1 ∙ 2 ∙ 3 ∙… ∙ (n-1) ∙ n.

A. 1 < N < 50
B. 100 < N < 150
C. 200 < N < 250
D. 300 < N < 350
E. 400 < N < 450

- Estimation - 4 points
Alan Yang (alanyang2338@g.ucla.edu)

Let and so on.
0
= 0, 

1
= 1, 

2
= 1, 

3
= 2, ...

In general, . Let I, N, and T represent

= 

−1
+ 

−2

their spot in the alphabet (so I = 9). How big is ?
+++2

Hint: .
+++

= 20, 365, 011, 074

A. 1, 100, 000, 000 < 
+++2

< 1, 200, 000, 000

B. 1, 200, 000, 000 < 
+++2

< 1, 300, 000, 000

C. 1, 300, 000, 000 < 
+++2

< 1, 400, 000, 000

D. 1, 400, 000, 000 < 
+++2

< 1, 500, 000, 000

E. 1, 500, 000, 000 < 
+++2

< 1, 600, 000, 000

- Estimation - 5 points
Adapted rom standard problem set

Howmany 5-digit whole numbers are divisible by the sum
o their digits?

A. 1 < N < 50
B. 100 < N < 500
C. 1,000 < N < 5,000
D. 10,000 < N < 50,000
E. 80,000 < N < 90,000

- Estimation - 6 points
Adapted rom standard problem set

Howmany integers between 1 and 1,000,000 are within
1% o being a perect square? That is, how many integers n
satisy the condition where there exists an integer k such
that

| − 
2
| ≤ 0. 01 × 

2

A. 100,000 < N < 200,000
B. 300,000 < N < 400,000
C. 500,000 < N < 600,000
D. 700,000 < N < 800,000
E. 900,000 < N < 1,000,000

- Estimation - 4 points

Howmany Roman Catholic popes have there been?

A. 150 – 190
B. 210 – 240
C. 250 – 300
D. 330 – 380
E. 420 – 500

- Estimation - 5 points

In the hit antasy-adventure comedy film A Minecrat
Movie, at what time (in seconds) does the popular phrase
“Chicken Jockey!” first appear?

A. 2,000–2,800
B. 3,200–3,800
C. 4,000–5,000
D. 5,500–6,500
E. 7,500–9,000
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- Algebra - 1 point
AJHSME (1987 #10)

Calculate

.4(299) + 3(299) + 2(299) + 298

- Algebra - 1 point
Alan Yang (alanyang2338@g.ucla.edu)

Given , find . − 6| | = 2 ·  − 7| | 

- Algebra - 2 points
AJHSME (1987 #10) [Modified]

Calculate

.44(990) + 43(990) + ... + 2(990) + 909

- Algebra - 2 points
AHSME (1982 #19)

Let or .() = | − 2| + | − 4| − |2 − 6| 2 ≤  ≤ 8
Find the sum o the largest and smallest values o .()

- Algebra - 3 points
1996 AIME Problem #1

In a magic square, the sum o the three entries in any row,
column, or diagonal is the same value. The figure shows
our o the entries o a magic square. Find x.

x 19 96

1

- Algebra - 3 points
Mock ARML 1 (2008 #5)

The positive real numbers are in arithmetic
1
, 

2
, ..., 

10

progression in that order. They also satisy

.
1

2
− 

2

2
+ 

3

2
− ... − 

10

2
= 

1
+ 

2
+ ... + 

10

Compute the common dierence o this arithmetic
progression.
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- Algebra - 3 points
AHSME (1996 #13)

Oleg runs at a steady rate, and Shani runs 1.25 times as
ast. I Shani gives Oleg a head start o 8 meters, how many
meters must Shani run to overtake Oleg?

- Algebra - 4 points
AIME (1999 #3)

Find the sum o all positive integers n or which

is a perect square.

- Algebra - 4 points
AHSME (1982 #12)

Let , where and are() = 
7
+ 

3
+  − 5 , , 

positive. I , then equals:(− 7) = 7 (7)

A. -17
B. -7
C. 7
D. 14
E. -14
F. 17
G. 21
H. Depends on , , 
I. Depends only on and 
J. Depends only on 

- Game Theory - 5 points
Alan Yang (alanyang2338@g.ucla.edu)

You’re the kicker or a penalty kick in soccer. You can
choose to kick towards the let side o the goal ( ) or the

1

right ( ). The goalie can either prepare to dive let ( ) or
1


2

right ( ). The payomatrix is given.
2

I both players play optimally, what’s the likelihood o a
goal?

- Counting & Probability - 3 points
Alan Yang (alanyang2338@g.ucla.edu)

Iwe have a rectangular prism with integer side lengths 6,
7, and 420, and we tile this rectangular prism with unit
cubes (cubes o side length 1), how many cubes does the
diagonal pass through?

- Counting & Probability - 6 points
Alan Yang (alanyang2338@g.ucla.edu)

Careless che Carlos cuts his pizza into 8 equal pieces. He
then randomly tosses 8 olives onto his pie. What is the
probability that no more than one slice gets no olives?
(Assume the olives are very small). You may leave the
answer as an expression.
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- Set theory - 4 points
Coaching Actuaries, Exam P

A tech company surveys a large number o employees to
learn more about their use o programming platorms
including Python, SQL, and Excel. The company finds the
ollowing inormation.

● 60% use Python
● 50% use SQL
● 40% use Excel
● 25% use Python and SQL
● 20% use Python and Excel
● 15% use SQL and Excel
● 10% use Python, SQL, and Excel

Find the probability that a randomly selected employee
does not use Python or does not use SQL.

- Set Theory - 5 points
Coaching Actuaries, Exam P
A bakery is surveying students to determine what types o
cookies to sell. They currently oer three types: crumble (C),
double chunk chocolate (D), and protein (P). They gathered the
ollowing data:

● 7000 like C, 5000 like D, and 6000 like P.
● The number o students who like both C and P is 300

greater than the number o students who like both C and
D.

● The number o students who like both C and P is 1200
greater than the number o students who like both D
and P.

● 25% o the students who like C and P also like D.
● 3800 students like only C.
● All students like at least one cookie.

Calculate the number o students who like exactly one type o
cookie.

- Set Theory - 6 points
Alan Yang (alanyang2338@g.ucla.edu)

Let be a set. A Boolean algebra on is a collection o  β
subsets o , which obey the ollowing:

1. The empty set is in .β

2. I a set is in , then the complement , defined as β 


the set o elements in that are not in , also lies in 
.β

3. I and are in , then the union , or all the  β  ∪ 
set o elements that are in at least one o and/or
, also lies in . β

I has 6 elements, then what is the dierence between
the number o elements o the largest Boolean algebra on 
and the smallest Boolean algebra on ?

- Finance - 2 points
Alan Yang (alanyang2338@g.ucla.edu)

Coca-Cola (KO) is trading at $71 per share. Recall that a
call option is a contract that allows the holder to purchase
100 shares o KO at an agreed strike price any time
beore the expiration date. A KO call option with a strike
price $72 is sold or . The seller breaks even i the stock$
price at expiration is $72.5. Find .

- Finance - 6 points
Alan Yang (alanyang2338@g.ucla.edu)

Let the eective interest rate be , which is the same
9
2 − 1

as . You purchase a contract today that promises to2
1

9 − 1
pay on year . The unction is given:$() 

The reciprocal o the air price or this contract will look

like . Find .2


9 − 2
+8

9 + 2
−2

9 

Alternatively, i you find a dierent expression, we will still
check to see i the value is close enough.

- Logic & Puzzles - 2 points
Alan Yang (alanyang2338@g.ucla.edu)

Let and be dierent digits. I 

 = ( +  + ) ×  ×  × ,

Then what are and ? 
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- Logic & Puzzles - 4 points
Mock AMC 10 by AoPS (#13)

Adrianna claims Bethany is lying. Bethany claims Crista is
lying. Crista claims Bethany is lying. Daphne claims
Adrianna is lying. Elizabeth claims that based on this
inormation, she knows exactly how many other girls (not
including hersel) are lying. Based on what you see here,
how many girls out o all five are lying?

A. 1
B. 2
C. 3
D. 4
E. 5
F. Not enough inormation

- Logic & Puzzles- 1 point
Classic problem

On an island o Knights and Knaves, there are knights who
always tell the truth and knaves who always lie.

On the island, A and B meet. A says, “We are both knights.”
B says, “A is a knave.” What are A and B?

- Logic & Puzzles - 2 points
Classic problem

On an island o Knights and Knaves, there are knights who
always tell the truth and knaves who always lie.

Three islanders P, Q, R stand in a line. P says, “Exactly one
o us is a knight.” Q says, “P is a knight.” R is silent.
Determine which o P, Q, R are knights.

- Logic & Puzzles - 3 points
Adapted rom a classic problem set

Four people (A, B, C, D) each wear either a red or blue hat.
Each can see others’ hats but not their own. They are told
at least one hat is red. In turn A→B→C→D they are asked i
they know their hat color. A: “No.” B: “No.” C: “Yes.” What is
the color o C’s hat?

- Logic & Puzzles - 4 points
Dan Mackinnon (https://dmackinnon1.github.io)

On an island o Knights and Knaves, there are knights who
always tell the truth and knaves who always lie.

You have met a group o 6 islanders. Their names are
Pamela, Xan, Yuri, Uri, Wendy, and Justin.

Xan says: Yuri always lies.
Xan says: Pamela is a knight.
Wendy says: Justin always tells the truth.
Wendy says: Uri is a knave.
Pamela says: Uri is a knave and I am a knave.

Who are the knights?

- Logic & Puzzles - 3 points
Adapted rom a classic problem set

Five riends, Ann, Ben, Cara, Dan, and Eve, each have
dierent birth months among Feb, Mar, Apr, May, Jun. Given
the ollowing clues, determine their birth months:
i. Ann’s month is alphabetically earlier than Cara’s.
ii. Ben’s month has 30 days.
iii. Dan’s month ollows Cara’s.
iv. Eve’s month has an ‘r’ in its name.
v. Eve’s month is earlier in the calendar year than Dan’s
month.
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- Logic & Puzzles - 5 points
Adapted rom a classic problem

Seven people o various occupations (Alice, Bob, Carol,
Dan, Emma, Frank, and Gina) arrive at a meeting at distinct
times. Consider the ollowing clues and determine the
arrival order.
i. The mathematician arrived immediately beore Alice.
ii. Alice arrived beore the person wearing green.
iii. Carol arrived immediately beore the person in green.
iv. Bob arrived exactly two slots beore the engineer.
v. The engineer is later than Alice.
vi. Frank was the 4th to arrive.
vii. Emma arrived earlier than Gina.

- Logic & Puzzles - 6 points

The ollowing is a substitution cipher. That is, every letter
has been mapped to a dierent letter. All punctuation has
been removed. Advice: this question requires a lot o brute
orce and is a time sink.

zoirtsgrooqfhggvooblgsvzmhdvigllmvlugsvlgsvijvhgrlmh
hrmxvrdrooyvevibrnkivhhvwrublyigvulixvblfidzbgsiltsg
srhgsvzmhdviglgsvsziwvhgvhgrnzgrlmjvhgrlmrhv

- Logic & Puzzles - 6 points
IOL (2003 Arabic Numerals)

Below you see arithmetic equalities written in Egyptian
Arabic. All summands, as well as all sums except the last
one, are represented as ractions in which neither the
numerators nor the denominators are greater than 10, nor
is any denominator equal to 1:

Write these equalities in figures. That is, rewrite the
inequalities using the decimal system we know and love.

- Logic & Puzzles - 6 points
NACLO (2007 Part C)

Consider these phrases in Ancient Greek (in a
Roman-based transcription) and their unordered English
translations.

Correctly match them up.

- Logic & Puzzles - 6 points
Raymond Smullyan (To Mock a Mockingbird)

In a certain garden, each flower was either red, yellow,
or blue, and all three colors were represented. A
statistician once visited the garden and made the
observation that whatever three flowers you picked, at
least one o them was bound to be red.
A second statistician visited the garden and made the

observation that whatever three flowers you picked, at
least one was bound to be yellow.
Two logic students heard about this and got into an

argument. The first student said: “It thereore ollows that
whatever three flowers you pick, at least one is bound to be
blue, doesn’t it?” The second student said: “O course not!”
Which student was right, and why?

- Logic & Puzzles - 6 points
Raymond Smullyan (To Mock a Mockingbird)

There is a question I could ask you that has a definite
correct answer—either yes or no—but it is logically
impossible or you to give the correct answer. You might
know what the correct answer is, but you cannot give it.
Anybody other than you might possibly be able to give the
correct answer, but you cannot! Can you figure out what
question I could have in mind?


