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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 Information you need to know about NUMBER THEORY: 
Set Theory, Venn Diagrams 

The symbol  stands for intersection.  If you see the notation , it means all 
the elements that are in Set A AND Set B. 

The symbol  stands for union.  If you see the notation , it means all the 
elements that are in Set A OR Set B. 

For example: 

Solve sets using the normal order of operations.  Do what’s in parentheses first, and 
then work from left to right. 

For example,  

Prime Numbers  ( Numbers with 3 as a digit  Numbers Less than 50) 

First, you would find all the numbers that have 3 as a digit AND are less than 50. 
{3, 13, 23, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 43} 

Then, you would find all the numbers that are prime AND are in the set you just 
found.  This would be your final answer. 
{3, 13, 23, 31, 37, 43} 

VENN DIAGRAMS 

  A    1, 5    B 
      7, 11       2, 4 

    3 
    9    6 

    12 

    C 

A Venn diagram includes two or more 
intersecting circles.  The overlapping 
areas are the intersections of the sets. 

To the left is where you place the 
following numbers if the elements of 
each set are as follows: 

A: {1, 3, 5, 7, 9, 11} 
B: {1, 2, 3, 4, 5, 6} 
C: {3, 6, 9, 12} 



Category 3     
Number Theory          Calculator Meet 
Meet #5 - April, 2018  
 
1)   Set  A  =  { multiples of  2 } 
      Set  B  =  { multiples of  3 } 
      How many numbers between  20  and  40  are in the intersection of  
      sets  A  and  B ? 
 
 
 
2)   There are  24  students in homeroom  371.  All  24  are required to sign  
      up for at least one club.  Two clubs are available - the Twilight Zone  
      Club and the Dog Lovers Club.  Fourteen students signed up for the  
      Twilight Zone Club and  17  signed up for the Dog Lovers Club.  How  
      many students signed up for both clubs? 
 
 
      
 
3)   There are  360  students at the Lynn Breed Middle School.   
 *  50%  watch TV. 
  *  60%  listen to radio. 
 *  1/4  watch TV and go to movie theatres. 
  *  20%  go to movie theatres and listen to radio. 
 *  2/9  watch TV and listen to radio. 
 *  10%  do all three activities. 
  *  17  students only went to movie theatres. 
      How many students at the Lynn Breed Middle School do not  
      participate in any of the three activities? 
 
 
 
        Answers 
      
   1)  ________ 
 
   2)  ________ 
 
   3)  ________  
 



Solutions to Category 3 
Number Theory 
Meet #5 - April, 2018           Answers 
 
1)  Multiples of  2  and  3  are multiples of  6.  Those    1)       3     
     that lie between  20  and  40  are  24,  30,  and  36. 
     That is three such multiples.       2)       7  
 
2)  Since the sum of the numbers of students in each    3)      27  
     club exceeds the number of students in the  
     homeroom, and every student must sign up for at  
     least one club, then the number signing up for both  
     clubs is   14 + 17 - B  =  24   where  B = the number signing up for both. 
     31 - B  =  24,  so  B = 7. 
 
3)  Since all three activities overlap, the following Venn diagram can help 
     organize the given data: 
 
     Checking all conditions: 
     *  50%  watch TV  =  46 + 44 + 36 + 54  =  180 
 =  (0.5)(360) 
     *  60%  listen to radio  =  44 + 36 + 36 + 100  
 =  216  =  ((0.6)(360) 
     *  1/4  watch TV and go to theatres 
     =  54 + 36  =  90  =  (1/4)(360) 
     *  20%  go to theatres and listen to radio 
  =  36 + 36  =  72  =  (0.2)(360)  
     *  2/9  watch TV and listen to radio 
 =  44 + 36  =  80  =  (2/9)(360)   
     *  10%  do all three activities   
 =  (0.1)(360)  =  36 
      
     The number of students who do not participate 
     in any of the three activities is the difference 
     between the total number of students and the sum 
     of all the numbers in the Venn Diagram 
 
     =  360 - (46 + 44 + 36 + 54 + 36 + 100 + 17) 
     =  360 - 333 
     =  27. 
 
     Therefore, only  27  students did not participate in any of the three activities. 

36 
36 54 

17 

44 46 

143  = theatres 

100 

216 = radio 180 = TV 



Category 3     
Number Theory          Calculator Meet 
Meet #5 - March, 2016  
 
 
1)   In a jar of  53  hard candies,  36  are red and  41  are sour.  The  
      candies in the jar are only just red or just sour or both red and sour.   
      How many are just sour? 
 
 
 
 
 
2)   Set  A  = { 27,  29,  31,  33,  35,  37,  39 } 
      Set  B  =  {30,  31,  32,  33,  34,  35,  36,  37,  38 } 
     What is the sum of the prime numbers in the set           ? 
     (Note:            is the intersection of set A and set B.) 
 
 
    
   
 
3)   Of the  460  kids at the school picnic,  30%  ate a hot dog and  75%   
      ate a hamburger.  Of the kids who ate a hot dog,  65  of them also ate  
      a hamburger.  How many of the  460  kids ate neither a hot dog nor a  
      hamburger? 
 

 
 
 
 
 
 
 
  
     On this date - March 31 - 
     in 1596, Rene DesCartes, 
     French philosopher and 
     mathematician, was born. 
     Our system of graphing,  
     called the Cartesian 
     Coordinate System,  was named for him. 

Answers 

1) 

2) 

3) 



Solutions to Category 3 
Number Theory 
Meet #5 - March, 2016      Answers 
 
            1)       17 
 1)  The candies that are both red and sour: 
      (36 + 41) - 53  =  77 - 53  =  24.  This Venn     2)    68     
      diagram shows the relationship between the 
      sets:           3)    42 
 
 
 
 
 
      Twenty-four are both red and sour, so 36 - 24, or 12, are just red, while  
      41 - 24, or 17, are just sour.  Therefore,  17  are just sour. 
       
2)  Hopefully, students will catch the word prime!  The prime numbers that  
      are common to both sets are  31  and  37,  and their sum is  68.   
      
3)  The number of kids who ate hot dogs is  30%  of  460,  or  138.  Those who  
     ate hamburgers (burgers) is  75%  of  460,  or  280.  The number who ate  
     both a hot dog and a burger  =  65,  as given in the problem.  To help fill in  
     the blanks in the Venn diagram,  those who ate just a hot dog  =  138 - 65,   
     or  73.  Those who ate just a burger  =  345 - 65,  or  280.  To calculate the  
     number of kids who had neither a hot dog nor a burger, subtract the total  
     number of kids who ate meat from the total number of kids who attended  
     the picnic:     460 - (73 + 65 + 280)  
   = 460 - (418) 
   = 42 
     Therefore,  42  students ate neither a hot dog nor a hamburger. 
  
 
 
 
 
 
 
 
 
 

red = 36      sour = 41 

24 12 17 

hot dogs 
=  138 

burgers 
=  345 

73 280 
 

65 

42 

none 
 



Answers 

Category 3  Calculator meet 
Number Theory 

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

1) Seventeen students in homeroom  308  signed up for "Tiddlywinks
for Beginners" and  15  signed up for "Advanced Thumb
Wrestling."  If there are  26  students in homeroom  308  and every
student signed up for at least one activity, then how many students
signed up for both activities?

2) Set  A  =  { multiples of  6  between  20  and  70 }
Set  B  =  { factors of  360 }
How many elements (numbers) are in  A B∩   (that is, the intersection 
of sets  A B∩  ) ?

3) Over the past few years, the following numbers of kids played on
these Little League Baseball teams:

Number Team 

 38 Red Sox 
 47 Yankees 
 33 Orioles 
 12 Red Sox and Yankees 
 9 Yankees and Orioles 
 5 Red Sox and Orioles 
 4 All three teams 

 If  416  kids played in all, then how many did not play on any of these 
 three teams? 

1) _______

2) _______

3) _______

www.imlem.org



Tiddlywinks Thumb Wrestling 

17 15 

11 6  9 

Solutions to Category 3 
Number Theory 
Meet #5 - March, 2014 

 Answers   1)     

1) 6

2) 4

3) 320  Let  X  = the number of students who signed up for 
 both activities. 

(17 + 15)  -  X  =  26 
  32  -  X  =  26 

X  =  6 

2) Set  A  =  { 24,  30,  36,  42,  48,  56,  60,  66 }
Set  B  =  ( lots of elements, but only need to check whether  360  is

  divisible by the numbers in  Set  A } 
 360  is only divisible by  24,  30,  36,  and  60.  Thus, there are  4 
 members in the intersection of Sets  A  and  B. 

3) 

    416  -  (25 + 30 + 23 + 8 + 5 + 1 + 4) 
=  416  -  (96) 
=  320 

23 

4
 5 1 

3025 8Red Sox Yankees 

Orioles 

www.imlem.org



Meet #5       March 2012                                              Calculators allowed 
 

www.imlem.org 
 

Category 3 – Number Theory 

 

1. In a class of    students,    students signed up for piano lessons and    

students signed up for guitar lessons.  If   students signed up for both kinds of 

lessons, then how many students didn’t sign up for either one? 

 

 

2. From Maine to Florida, there are    states on the East Coast (Pennsylvania 

included here). You want to plan a trip along the east coast that will visit at least 

  of these states.  How many possible lists of states visited can you have?  

(The order in which you visit them does not matter.) 

 

 

3. You have     photographs on your computer and use a program that lets you 

label photographs with a tags (labels).  You use   different tags (‘Travel’, 

‘Friends’, ‘School’), and each photo can have any or none of the tags.  Overall, 

you’ve used tags     times.  What is the smallest possible number of 

photographs that have all three tags? 

 

  

Answers 

1. _______________ 

 

2. _______________ 

 

3. _______________ 



Meet #5       March 2012                                              Calculators allowed 
 

www.imlem.org 
 

 Solutions to Category 3 – Number Theory 

 

 

1. Given that the intersection of the two sets (piano and guitar) is 

of size  , we know there are   piano-only students, and    guitar-only students. 

Overall,    students take lessons on an instrument (       ), which leaves 

  students who do not. 

 

 

 

 

 

 

 

 

2. For the set of    states, there are     possible subsets. One of these is the empty 

set,    of these include one state only, 2C15=    include only two states, and 

3C15=    include only three states.  So the answer is: 

                        possible lists. 

 

  

Answers 

1.   

2.        

3.    

 

piano guitar 

4 
8 13 

5 



Meet #5       March 2012                                              Calculators allowed 
 

www.imlem.org 
 

3. In one extreme distribution (left diagram), all three tags are used on the same 

   pictures (leaving    images untagged), with an overlap of    (clearly that is 

the greatest overlap possible, as we can’t increase the size of all groups at the 

same time). 

On the other extreme (middle diagram), we can have one tag used only    

times, while using each of the other two tags     times, resulting in an overlap 

of   . Can we reduce the size of this overlap? No – since in order to do that we 

have to remove a tag from one of these    images, but we have to use that tag 

elsewhere (to keep the total at    ) but the only place to use a tag is on images 

already tagged twice, thus maintaining the number of triple-tagged images at 

  .  The diagram on the right shows a case where          and the 

overlap is   . 

 

 

  

 

 

 

 

 

Algebraically, if we call the number of triple-tagged photos  , then we use     

tags on them, and can use as many as   (     ) tags on the rest of the photos 

(tagging each other image twice).  Making the sum equal     results in       

 
 

A=100, B=100 

C=40 

A=B=C=80 

40 

20 

20 20 

0 0 

0 



You may use a calculator today! 

 

Category 3 - Number Theory 

Meet #5, March 2010 

 

1. A subset of a set is a set containing any (or none) of the original set’s elements, but 

not any that are not in the original set. A set can contain no elements at all.  

Set 𝐴 = {1, 2, 3, 4, 𝑥} 

Set 𝐵 = {1, 2, 3, 4, 𝑦} 

How many subsets do sets A and B have in common if 𝑥 ≠ 𝑦?  

(In other words, how many of A’s subsets are also subsets of B?) 

 

2. Sets 𝐴, 𝐵, and 𝐶 all contain natural numbers that are 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 30 according to the 

definitions below: 

𝑆𝑒𝑡 𝐴 =  𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑒𝑠 𝑜𝑓 4  

𝑆𝑒𝑡 𝐵 =  𝑁𝑢𝑚𝑏𝑒𝑟𝑠 𝑡ℎ𝑎𝑡 𝑎𝑟𝑒 1 𝑙𝑒𝑠𝑠 𝑡ℎ𝑎𝑛 𝑎 𝑝𝑟𝑖𝑚𝑒  

𝑆𝑒𝑡 𝐶 = {𝑀𝑢𝑙𝑡𝑖𝑝𝑙𝑒𝑠 𝑜𝑓 3} 

Find the sum of elements in the set (𝐴 𝐶)   𝐵 𝐶  

 

 

3. In a class of 30 students, each student falls into at least one of these categories: 

Taller than 6 feet  /  Vanilla lover  /  Great singer. 

12 students love vanilla, 4 of whom are great singers. 

There are 2 great singers in the class who are taller than 6 feet, but only one of them 

loves vanilla. There are 14 great singers shorter than 6 feet who do not like vanilla. 

How many students are taller than 6 feet, dislike vanilla, and are not great singers? 

 

 

 

  

Answers 

  1.  _______________ 

  2.  _______________ 

  3.  _______________ 

 



You may use a calculator today! 

Solutions to Category 3 - Number Theory 

Meet #5, March 2010 

 

1. Both sets have 5 elements each, so each set has 25 = 32 subsets.  

Since they differ in only one element (‘x’ in A vs. ‘y’ in B), we only need to exclude 

those subsets which include that element, or in other words, we can simply count all 

the subsets of the set  1, 2, 3, 4 . With 4 elements we have 24 = 16 subsets : 

   ,  1 ,  2 ,  3 ,  4 ,  1,2 ,  1,3 ,  1,4 ,  2,3 ,  2,4 ,  3,4 , 

 1,2,3 ,  1,2,4 ,  1,3,4 ,  2,3,4 , {1,2,3,4} 

You can make two observations from this –  

a. Each individual element of a set is part of exactly half of its subsets. 

b. The common subsets of A and B are the subsets of their intersection. 

 

2. 𝐴 =  4, 8, 12, 16, 20, 24, 28  

𝐵 =  1, 2, 4, 6, 10, 12, 16, 18, 22, 28  

𝐶 =  3, 6, 9, 12, 15, 18, 21, 24, 27  

𝐴 𝐶 =  12, 24     𝐵 𝐶 = {6, 12, 18} 

Therefore  𝐴 𝐶   𝐵 𝐶 = {6, 12, 18,24} and the sum is 60. 

 

3. We can count how many students are in each  

one of the sets or intersections. 

Though we can’t tell how many - if any - of the 8  

vanilla lovers who are not great singers are tall,  

it should be clear there are exactly 3 tall students  

in the group we seek (in order to add up to 30). 

No students are outside all of these sets. 

 

 

  

Answers 

  1.  16 

  2.   60 

  3.   3 
 

Vanilla 

Singers 

Tall 

14 

3 
8 

3 

1 

1 



 

 

Category 3 

Number Theory 

Meet #5, March 2008 

 
1. There are 30 students in Mike’s math class.  Seventeen of those students take 

Spanish, 18 of them take Chorus, and 6 of them take neither.  How many of the 

students in Mike’s math class take both Spanish and Chorus? 

 

 

 

2. For this problem consider the numbers from 1 to 50 inclusive only.  Set A 

consists of the positive integers that are one greater than a multiple of 3, 

set B consists of the positive integers that are one greater than a multiple 

of 4, and set C consists of the perfect square numbers.  How many 

elements are in C � (A � B)?  

 (reminder : � means union and � means intersection) 

 

 

 

3.   Eighty people were polled to find out what flavor of ice cream they like most 

from the choices of Chocolate, Vanilla, or Strawberry.   Each person was given 

the diagram below and asked to put an “X” in the spot that best described what 

flavor or flavors they like the most.  Sixty people placed their “X” somewhere 

in the chocolate circle, forty put the “X” in the Vanilla circle, and thirty put the 

“X” in the strawberry circle.  If twenty people put the “X” in a spot that said 

they liked two of the flavors but not the third, how many people placed their 

“X”  the same way it was done in the diagram below? (Everyone liked at least 

one of the flavors.) 

 

 

 

 

 

   

 

 

 

Answers 

  1.  _______________ 

  2.  _______________ 

  3.  _______________ 

 

Strawberry

VanillaChocolate

X



 

 

 

 

Solutions to Category 3 

Number Theory 

Meet #5, March 2008 
 

 

1. If 17 take Spanish and 18 take Chorus, it would appear that 

there are 35 kids.  However, there are only 30 kids and 6 who take 

neither, so only 24 kids in these classes.  Where did those extra 11 

kids come from?  They came from 11 kids taking both classes and 

were counted twice in the original count of 35.       

 

 

 

 

2.    
A = {1, 4, 7, 10, 13, 16, 19, 22, 25, 28, 31, 34, 37, 40, 43, 46, 49} 

B = {1, 5, 9, 13, 17, 21, 25, 29, 33, 37, 41, 45, 49} 

   C = {1, 4, 9, 16, 25, 36, 49} 

 

                               A � B = { 1, 13, 25, 37, 49} (5 elements)  

*each is 1 more than a multiple of 12 

 

Set C has 7 elements, but has 3 elements in common with A � B 

{1, 25, 49}, so the union of the two sets has 5 + 7 – 3 = 9 elements 

as listed below: 

 

   C �  
A �  B� � "1, 4, 9, 13, 16, 25, 36, 37, 49% 
 

 

3.    If 60 people like chocolate, 40 like Vanilla, and 30 like Strawberry that would 

appear to be 130 people.  We know there were only 80 people polled so some of them 

were counted for more than 1 flavor. We also know that 20 people like 2 flavors, so 

that means 20 were counted twice, so we are down to 130 – 20 = 110 people, but still 

30 more than there actually were.  Any person that put their X in the center was 

counted 3 times which is 2 extra each.  If we have 30 extra from that center region it 

must be because there were 30&2 = 15 people who put their X in the center and like 

all 3 flavors. 

 

Answers 

 

1.      11 

 

2.      9 

 

3.      15 




