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Self-study Packet 

Problem Categories for this Meet: 

2019-20

Meet #5

 Math League SCASD

1. Mystery: Problem solving
2. Geometry: Solid Geometry (Volume and Surface Area)
3. Number Theory: Set Theory and Venn Diagrams
4. Arithmetic: Combinatorics and Probability
5. Algebra: Solving Quadratics with Rational Solutions, including word problems



Important things you need to know about ARITHMETIC: 
Probability and Combinatorics 

• To find the probability of compound events, multiply their individual probabilities.
For example if you flip a coin and roll a number cube, the probability that you

would land heads and roll a 4 is  P(heads) • P(4) =

• A chart is also a useful way to find probabilities that cannot be solved through
straightforward methods.
For Example: You roll two die, numbered 1-6.  What is the probability that the
sum of your two die will be a 7 or an 8? 

1 2 3 4 5 6 

1 2 3 4 5 6 7 

2 3 4 5 6 7 8 

3 4 5 6 7 8 9 

4 5 6 7 8 9 10 

5 6 7 8 9 10 11 

6 7 8 9 10 11 12 

There are six 7’s and five 8’s.  Of the 36 total possible ways to roll, 13 are either 
7’s or 8’s.  The probability is 13/36. 

• To find the number of ways things can be ordered, multiply the number of
choices for each spot.  For example if you want to know how many different
ways 10 people can come in first, second, and third place, multiply 10 by 9 by 8,
because there are 10 options for first, then 9 left for second, then 8 left for third.
There are 720 ways.  This is called a “permutation”.

• If order is not important, such as in the problem “How many different groups of
three people can be chosen from eight people?” you can find the number of
different orders three people can be chosen from 8 (by multiplying 8 by 7 by 6)
and then dividing by the number of ways the 3 people can be grouped (3 by 2 by
1).  This would give 336 ÷ 6 = 56 ways.  This is called a “combination”.

Roll of Die 1 

       Roll of Die 2 



Category 4 
Arithmetic            Calculator meet 
Meet #5 - April, 2018  
 
 
1)  Elmer bought a bag of multi-colored organic carrots.  Ten were yellow,  
     seven were purple, five were red, and six were orange.  If Elmer chose  
     a carrot at random, what is the probability that it was purple?  Express  
     your answer as a common (simplified) fraction. 
 
 
 
 
 
2)  Two cubical dice, with faces numbered  1, 2, 3, 4, 5, and 6  are rolled. 
     What is the probability that the sum of the numbers showing on the top  
     surfaces of the two dice is greater than four?  Express your answer as a  
     common (simplified) fraction. 
 
 
 
 
 
 
3)  A bag of colored candy eggs contains eight red, eleven green, and five  
     blue eggs.  Foghorn selects three eggs at random and eats each one  
     after selecting it from the bag.  What is the probability that the three  
     eggs are the same color?  Express your answer as a decimal, rounded  
     to the nearest thousandth. 
 
 
 
        ANSWERS 
 
   1)    ________  
 
   2)    ________ 
 
   3)    ________ 
 



Solutions to Category 4 
Arithmetic 
Meet #5 - April, 2018           Answers 
 
1)  Divide the number of purple carrots by the   1)             
     total number of all carrots.  7/(10 + 7 + 5 + 6) 
     =  7/28  =  1/4. 
          2)         
2)  The grid below shows the face numbers 
     1, 2, 3, 4, 5, and 6  along the top row and also    
     along the left-hand column.  Each number in   3)    0.114     
     in the interior of the grid is the sum of the 
     number at the top of its column and the far left 
     of its row.  There are  30  sums that are greater  
     than  4.  The probability of getting one of these sums is  30/36,  or  5/6. 
 
   1      2      3      4      5      6 
 
  1 2      3      4      5      6      7 
  2 3      4      5      6      7      8 
   3 4      5      6      7      8      9  
  4 5      6      7      8      9      10 
  5 6      7      8      9      10     11 
  6        7      8      9     10     11     12 
    
 
 3)  The problem is equivalent to "draw without replacement." 
 
    all red    +   all green   +    all blue 
 
 
 
 
 
 
     
 
     Dividing  1,386  by  12,144  yields the decimal  0.11413 . . .  
     Rounding to the nearest thousandth gives  0.114. 
     Therefore, the probability of three eggs of the same color are selected is 
     about  0.114. 
 



Category 4 
Arithmetic      Calculator meet 
Meet #5 - March, 2016  
 
 
1)  Our math league has one team in the state of Pennsylvania.  If a letter  
     is chosen at random from the word  PENNSYLVANIA, then what is  
     the probability that it is the letter "N?"  Express your answer as a  
     common fraction. 
 
 
 
 
2)  A six-sided cubical die, numbered  1  through  6  inclusive, and a  
     ten-sided decahedral die, numbered  1  through  10  inclusive, are  
     rolled.  What is the probability that the sum of the numbers shown  
     on the top faces is less than  8 ?  Express your answer as a common  
     fraction. 
 
 
 
 
 
3)  What is the probability that a point that lies within this square is also  
     in the shaded area?  The circle is tangent to the square (touching it on  
     all sides) and the circle is divided into four equal sectors.  Express  
     your answer as a percent, rounded to the nearest whole percent. 
 
 
 
 
 
 
 
 
     ANSWERS 
 
   1)    _______  
 
   2)    _______ 
 
   3)    _____ % 
 



Solutions to Category 4 
Arithmetic 
Meet #5 - March, 2016           Answers 
 
          1)          
1)   There are three  Ns  out of the  12   letters in  
      Pennsylvania.  P = 3/12.  or  1/4.            
          2) 
2)   The ten numbers on the decahedral die are across 
       the top of this chart, while the six numbers on the 
       cubical die are along the left-most column.  The   3)        39 
       sums are in the  10 x 6  area: 
 
                      1      2      3      4      5      6      7      8      9     10 
 
            1        2       3       4       5       6       7       8       9      10      11 
            2        3       4       5       6       7       8       9      10     11      12 
            3        4    5       6       7       8       9      10     11     12      13 
            4        5      6       7       8       9      10      11     12     13     14 
            5        6      7       8       9      10     11      12     13     14     15 
            6        7      8       9      10     11     12      13     14     15     16 
 
 
      There are  21  sums that are less than eight.  Therefore, the probability 
      of rolling a sum less than eight  is  21/60,  or  7/20. 
 
3)  The probability that a point inside the square is also inside the shaded  
     region is      
 
  
 
 
 



Category 4  Calculator Meet 
Arithmetic 

Meet #5 - March, 2014  50th anniversary edition50th anniversary edition50th anniversary edition50th anniversary edition 

1) If three points are selected at random
from ten points that are equally spaced
in a circle, as shown, then how many
triangles can be drawn?

2) How many different  9-letter "words," or arrangements of letters,
can be made by using the letters in the name  RAMANUJAN ?

3) A Bernoulli trial is a probability experiment
that has only two possible outcomes.  Consider
a game where a player must spin a circular
spinner that stops on either red or blue, as
shown.  The angle at the center of the spinner
is a right angle.

 Let  n  =  the number of spins 
 x  =  the number of successes 
 p  =  the probability of success (desired outcome) for one trial 
 f  =  the probability of non-success (failure) for one trial. 

 The probability of achieving  x  successes for  n  spins is given by this 
 formula: 

( nCx ) (  xP  ) ( n xf −  )

I f Liz spins the spinner  20 times, then 
 ANSWERS what is the probability that it will stop 

on blue exactly  13  times?  Express your 
1) ________ answer as a percent, rounded to the 

nearest whole percent. 
2) ________

footnote:  Jacob Bernoulli was a Swiss 
3) ______ %  mathematician (1655 - 1705). 

red 

blue 

www.imlem.org



Solutions to Category 4 
Arithmetic 
Meet #5 - March, 2014 

 Answers 1) 10C3  =  120

1) 120 2) 9 9

(3!)(2!)
P

 = 
(9)(8)(7)(6)(5)(4)(3)(2)(1)

(3)(2)(1)(2)(1)

2) 30,240  =   (9)(8)(7)(5)(4)(3) 

3) 11 =   30,240 

Note:   9P9  represents the number of arrangements
 if all nine letters were different.  We divide that value by  3!  to account 
 for the repeated "A" and by  2!  for the repeated "N." 

3) 13 7(20 13)(0.75 )(0.25 )C

≈    (77,520)(0.023760)(0.000061035)

≈    0.1124

≈    11 %

www.imlem.org



Meet #5       March 2012                                              Calculators allowed 
 

www.imlem.org 
 

Category 4 – Arithmetic 

1. A restaurant lets children build their own ice-cream sundae: 

They can select   scoops of ice-cream from a variety of   flavors, they can 

decide whether to add syrup and/or whipped cream, and have the whole thing 

served in a cup or a cone.  How many different sundaes can be made? 

Note: Your two scoops may be of the same flavor. You cannot select only one 

scoop. Assume that the order of the scoops or toppings does not matter, so 

chocolate-vanilla would be the same as vanilla-chocolate. 

 

 

2. Rolling a fair six-sided die   times, what is the probability you never get a ‘ ’? 

Express you answer as a percent, rounded to the nearest whole percentage. 

 

 

3.  A box contains   balls of each color: Red, Green, Yellow, and Blue (for a total 

of 16 balls overall).  If two balls are selected at random, what is the probability 

that they are of the same color? 

Express your answer as a simple fraction. 

To be clear, the two balls are selected without replacement: one is taken out, 

then a second. 

Answers 

1. _______________ 

 

2. _____________ % 

 

3. _______________ 



Meet #5       March 2012                                              Calculators allowed 
 

www.imlem.org 
 

Solutions to Category 4 - Arithmetic 

1. All the choices are independent of each other, so we multiply the  

number of options for each decision: 

Cone or cup? =   options.  Yes or no syrup? =   options 

Yes or no whipped cream? =   options 

Selecting   flavors out of   = we can have   options if the scoops are identical, 

and   (2C4) more if they’re not, for a total of    options. 

Overall we get             possible sundaes. 

Editor note: The original question did not mention scoop order.  Student Ben 

Schiffer argues that the order of the scoops matters, which would give an 

answer of 128, or that the question should be clarified, which was done here.  

Another person suggested: The wording didn’t mention order, so simpler 

interpretation is preferred.  This argument could be extended to the order of the 

whole sundae: What if we want the whipped cream on bottom and the syrup in 

between the two scoops? Is that a different sundae? 

 

2. With a fair die, each result has a 
 

 
 probability at each throw.  We therefore have 

a 
 

 
 probability at each throw not to get a ‘ ’, and in six consecutive rolls this 

becomes (
 

 
)  

     

     
              

(We multiply the probabilities as the rolls are independent of each other). 

 

3. As with most combinatorical problems we can arrive at the solution in many 

different ways.  One way is to ask how many ways to pick   Blue balls out of   

blue balls? In this case, the answer is 2C4=6, and similarly there are   ways to 

pick two balls of the same color for the other   colors, for a total of    ways of 

selecting two of the same color.  Overall, there are 2C16=120 ways of picking   

balls out of the box, so the required pobability is 
  

   
 
 

 
 

Another way to think about it:  It doesn’t matter which ball we pick first, but 

after we do, we have    choices for the 2
nd

 ball, and three of those are balls of 

the same color as the first one, so again 
 

  
 
 

 
 probability of that. 

 

Answers 

1.    

2.     

3. 
 

 
 

 



You may use a calculator today! 

 

Category 4 - Arithmetic 

Meet #5, March 2010 

 

 

1. Of the 4 Marx brothers (Groucho, Chico, Harpo, and Zeppo), one will go to visit the 

zoo, one will visit the aquarium, one will visit grandpa, and one will stay home.  

How many different combinations of who-goes-where are there? 

To clarify – each destination is visited by a different person. 

 

2. The Celtics basketball team has 12 players.  If the coach selects 5 players at random as 

the starting five, what is the probability that both Paul Pierce and Kevin Garnett (two 

of the twelve players) were selected? 

Express your answer as a common fraction. 

 

3.  You have 3 coins.  Two of them are fair, and the third has a 60% probability for 

showing Heads on each throw.  When throwing the three coins together, what’s the 

probability of getting exactly 2 heads? 

Express your answer as a decimal. 

 

 

 

 

 

 

 

 

  

Answers 

  1.  _______________ 

  2.  _______________ 

  3.  _______________ 

 



You may use a calculator today! 

Solutions to Category 4 - Arithmetic 

Meet #5, March 2010 

 

 

 

1. We can pick any one of the 4 brothers to go to the zoo, then one of the remaining 3 to 

go to the aquarium, then one of the last 2 to visit grandpa, and we are then left with 

the one that stays home.  Since the choices are independent, we multiply the numbers: 

4 ∙ 3 ∙ 2 ∙ 1 ≡ 4! = 24 

 

2. How many different combinations for the starting five exist? 12C5. 

How many of these include both Garnett and Pierce? If we insist that these two 

players are included, then we only have to select 3 more players (out of the remaining 

10), and we have 10C3 ways of doing that. 

The probability then is  
10𝐶3

12𝐶5
=

10!

3!×7!
12!

5!×7!

=
10!×5!

12!×3!
=

4×5

11×12
=

5

33
  

 

3. Let’s call the two fair coins #1 and #2, and the unfair coin #3.  To get exactly two 

heads we need exactly one tail: 

𝑃 (#1 = 𝑇, #2 = 𝐻, #3 = 𝐻)  =  0.5 × 0.5 × 0.6 =  0.15 

𝑃 (#1 = 𝐻, #2 = 𝑇, #3 = 𝐻)  =  0.5 × 0.5 × 0.6 =  0.15 

𝑃 (#1 = 𝐻, #2 = 𝐻, #3 = 𝑇)  =  0.5 × 0.5 × 0.4 =  0.10 

Added all up we get 𝑃 (2 𝐻𝑒𝑎𝑑𝑠, 1 𝑇𝑎𝑖𝑙)  =  0.15 + 0.15 + 0.10 =  0.4   

Were all coins fair, the answer would be 3 × 0.53 = 0.375 =
3

8
 . 

 

 

  

Answers 

  1.   24 

  2.   5 / 33 

  3.   0.4 
 



 

 

Category 4 

Arithmetic 

Meet #5, March 2008 

 

1. Two standard six sided dice are rolled.  What is the probability that the sum of 

the numbers on the top faces of the dice is a prime number?  Give your answer 

as a simplified fraction.   

 

 

 

 

 

2. Arjun averaged exactly 93% on nine quizzes.  Arjun’s teacher decided to drop 

each student’s highest and lowest quiz grades.  After dropping the scores 

Arjun’s average increased to a 97%.  What is the average of the two quiz 

scores that were dropped? 

 

 

 

 

 

 

3.   At the Institute of Math Learning and Extra Mathematics there are 24 students 

in the honors math class.  Fourteen of the students are boys.  Two boys and 

two girls are randomly chosen from the class to speak at the 8
th
 grade 

graduation.  How many different groups of four students can be chosen if there 

must be two boys and two girls? 

 

 

 

 

 

 

 

 

 

Answers 

  1.  _______________ 

  2.  _______________ 

  3.  _______________ 

 



 

 

Solutions to Category 4 

Arithmetic 

Meet #5, March 2008 
 

 

1.      Using the table below you can see that 15 out of 36 of the 

sums are prime.  So the probability is 
�'
�� �

	
�( 

                   

                          

+ 1 2 3 4 5 6

1 2 3 4 5 6 7

2 3 4 5 6 7 8

3 4 5 6 7 8 9

4 5 6 7 8 9 10

5 6 7 8 9 10 11

6 7 8 9 10 11 12  
 

 

2.     If he averaged 93% on the first 9 quizzes, then the total of the 9 

quizzes is 93 x 9 = 837.  After dropping 2 of the scores the teacher 

is only counting 7 quizzes and the total would be 97 x 7 = 679 

points.  That means the total of the 2 quizzes dropped is 837 – 679 

= 158 points.  If the sum of those 2 is 158, the average is 
�'
� � )*. 

 

 

3.    First we need to choose the 2 boys which can be done in 14C2 = 
�����

� �91 ways.  

Next choose the 2 girls which can be done in 10C2 = 
���+
� � 45 ways.  Those two 

decisions can happen in a total of 91 � 45 � 4095 ways. 

 

 

 

Answers 

 

1.    5/12 

 

2.    79 

 

3.    4095 




