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SOLUTIONS TO HANDBOOK PROBLEMS
The solutions provided here are only possible solutions. It is very likely that you or your students will come up with 
additional—and perhaps more elegant—solutions. Happy solving!

Warm-Up 1

Problem 1.  Twenty million divided by four million is the same as 20 ÷ 4, so each person will receive $5, or $5.00.

Problem 2.  The area of triangle XYZ is 1/2 × 6 × 4 = 12 square cm. 

Problem 3.  The money she did not receive back in change was equal to the cost of the groceries. Thus, she spent $20 – $4.63 = $15.37 on 
groceries.

Problem 4.  One hundred four, which is 8 × 13, is the least multiple of 8 greater than 100, and 168, which is 8 × 21, is the greatest multiple of 8 
less than 175. Our list would start with the 13th multiple of 8 and go to the 21st multiple of 8. That’s 21 – 12 = 9 multiples of 8.

Problem 5.  There are 3! = 6 three-digit numbers that can be created with the digits 2, 3 and 6 each used once. Four of these are even: 236, 326, 
362 and 632. The probability that the number created is even is thus 4/6, or 2/3.

Problem 6.   In an arithmetic sequence, the difference between consecutive terms is always the same and is called the common difference. We 
know the common difference in this arithmetic sequence is 4 – (–2) = 6. Thus, m – 4 = 6, and m = 4 + 6 = 10.

Problem 7.  Since 2 + 3 = 5, we need the sum of 5 equal parts to equal 105. Those parts must be 21 each, which makes the numerator 2(21) = 42.

Problem 8.  The least natural number with four distinct prime factors is simply the product of the four smallest primes, which is 
2 × 3 × 5 × 7 = 210.
 
Problem 9.  A perimeter of 24 inches means the length plus the width must be 12 inches. Using positive integers only, we can get areas of  
1 × 11 = 11, 2 × 10 = 20, 3 × 9 = 27, 4 × 8 = 32, 5 × 7 = 35 and 6 × 6 = 36 square units. That’s 6 different areas.

Problem 10.  The two triangles have equal bases (AB and EF) and equal heights, so they must have the same area. The difference between their 
areas is, therefore, 0 square units.

Warm-Up 2

Problem 1.  The mean number of cartons sold per day is (15 + 20 + 25 + 30 + 30)/5 = 24, and the median number of cartons sold per day is 25. 
Thus, the positive difference is 25 − 24 = 1.

Problem 2.  The perimeter of trapezoid PJCA is 2 + 3 + 5 + 3 = 13 inches.

Problem 3.  There must be 1/4 × 80 = 20 boys and 80 – 20 = 60 girls in the club now. If we add enough boys to make them 1/3 of the club, then 
the 60 girls now in the club would be the other 2/3 of the members. If 60 is 2/3, then 30 is 1/3, so 10 more boys would need to join.

Problem 4.  Each of William’s 3 pairs of pants can be worn with each of the 4 different shirts; thus, he can create 3(4) = 12 outfits.

Problem 5.  We know that (30 + 36 + 42 + … + (6n + 24)) = 270, where n is the number of days that Jessica reads. Since all the numbers on the 
left are multiples of 6, we can rewrite this as 6(5 + 6 + 7 + … + (n + 4)) = 270.  Dividing both sides by 6, we get 5 + 6 + 7 + … + (n + 4) = 45. 
Now we can simply start subtracting 5, then 6, then 7, and so on. from 45 until we get to zero. The last number subtracted is 10, which is n + 4.  
Thus, n = 10 − 4 = 6, and it will take Jessica 6 days to read the book.

Problem 6.   There are 6 bananas out of 15 pieces of fruit, so the probability is 6/15, or 2/5. 

Problem 7.   The number halfway between 5/8 and 11/16 is equal to the average of 5/8 and 11/16. So we will have to find the sum of 5/8 and 
11/16 and divide it by 2. 5/8 is equal to 20/32, and the fraction 11/16 is equal to 22/32, so the sum of the two fractions is 42/32. When we divide 
by 2, we find that the common fraction in question is 21/32.

Problem 8.  If the 4 pounds of nitrate on each acre represents 8% of the fertilizer, then Fred must be spreading 50 pounds of fertilizer on each 
acre. Fred will use 50 × 188 = 9400 pounds of fertilizer.

Problem 9.  The height of the box is the side length of the squares that were cut from the cardboard. The cardboard must have been 2 + 15 + 2 = 
19 inches by 2 + 8 + 2 = 12 inches, with an area of 19 × 12 = 228 square inches.

Problem 10.  The interior angles of a regular octagon are each 135 degrees. The isosceles triangle that is created by the two 
angle bisectors will have base angles that are each half of 135 degrees. Those two halves of 135 will have a sum of 135, so the 
other angle must be 180 – 135 = 45 degrees.
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Workout 1

Problem 1.  Through the catalog department, the 6 sweaters would cost 6 × (44 + 3.5) = $285. Through the store, the 6 sweaters would cost   
6 × 49 × 1.07 = $314.58. The savings would be 314.58 – 285 = $29.58.

Problem 2.  Jordan traveled 216 – 138 = 78 miles in 6:20 – 5:08 = 1 hour 12 minutes. Since 12 minutes is 1/5 of an hour, this is 1.2 hours. Jordan’s 
average speed was thus 78 ÷ 1.2 = 65 mph.

Problem 3.  The 5 women in the group account for 5 × 109 = 545 pounds. The 8 men must account for the other 1921 – 545 = 1376 pounds. Thus, the 
average weight of the men is 1376 ÷ 8 = 172 pounds.

Problem 4. Since 2 wamps = 5 wemps, we know that 6 wamps = 15 wemps. Since 1 womp = 3 wamps, we also know that 2 womps = 6 wamps.   
Thus, 2 womps = 15 wemps.

Problem 5.   The smallest positive three-digit perfect cube is 53 = 125. The largest three-digit perfect cube is 93 = 729. Since the cube of an odd number 
will produce an odd perfect cube, we will count only the even numbers between 5 and 9. That leaves us with 6 and 8; thus, there are only 2 cubes that 
have three digits and are even: 63 = 216 and 83 = 512.

Problem 6.   Let n be the number of questions that Billy answered incorrectly. Then he answered 5n questions correctly and 6n questions in all.  The 
points earned would be 25 × 5n – 50 × n = 450. This reduces to 75n = 450, so n = 6, which is the number of questions answered incorrectly.  There must 
have been 6 × 6 = 36 questions.

Problem 7.  ( ) 7 91 1 2 14 2
9 7 9 63 63 63 63 0.031746+ − = + − = =

Problem 8. The largest two-digit number is 99, which leads to 2992 = 89,401.

Problem 9.  When the sale is 40% off, the customer pays 100% – 40% = 60%, or 3/5 of the regular price. To find the regular price, we can multiply the 
sale price by the reciprocal of 3/5, which is 5/3. The regular price must have been 5/3 × $43.20 = $72.

Problem 10.  Translating the English to algebra, we get 180 – x = 5.5(90 – x). We can solve for x as follows: 
180 – x = 495 – 5.5x → 4.5x = 315 → x = 70. Thus, the angle in question must be 70 degrees.

Warm-Up 3

Problem 1.  Thirty percent of 100 is 30, so the number, before it was doubled, must have been 50.

Problem 2.  The sequence of bounce heights is 16, 8, 4, 2, 1, 0.5, 0.25, and so on. The ball bounces 1/4 of a foot, or 3 inches, on its seventh bounce.

Problem 3.  Tamika’s dad spent 12,000/15,000 = 4/5 of a year’s salary on his Mustang convertible back in 1978. If Tamika is to use the same fraction 
of her salary to buy a $32,000 car, then she will need a salary of 32,000 × 5/4 = 8000 × 5 = $40,000. 

Problem 4.  If the total surface area of the prism is 248 square units, then half the surface area is 124 square units. The three rectangles that make up 
this half of the surface area have areas of 4 × 6 = 24, 4x and 6x. This means the 4x and the 6x must amount to 124 – 24 = 100 square units. Since   
4x + 6x = 100 → 10x = 100 → x = 10.

Problem 5.  There are two ways the two vowels can be placed at the beginning and end (A is first and O is last, or vice versa), and there are   
4! = 4 × 3 × 2 × 1 = 24 different ways the four consonants can be placed in the middle. That’s 2 × 24 = 48 ways in all.

Problem 6.   Let’s start by plugging in 3 and 1 for a and b, respectively, which is (3 + 1)2. Simplifying, we get 42 = 16.

Problem 7.   The numbers at the beginning of each row increase by 3, then 6, then 9, then 12, and so on, and as you move across each row, the numbers 
increase by 3. After 46, the numbers at the end of the next three rows are 64, 85 and 109. Filling in the row leftward from 109, we can find the location 
of 100. Similarly, filling in the rows leftward from 85 and 64, we can find the two entries above 100. They are 79 and 61, and their sum is 140.   

Problem 8.  Since 20 students have a mean of 84 points, the total of their points is 1680. Now we can subtract the 6 scores of 100 and the 4 scores of 
50, which leaves 880 points for the other 10 students. The mean of their scores must be 88 points.

Problem 9.  The cross product of the proportion given is a – 2b = 5(3a – 4b), which can be rewritten as a – 2b = 15a – 20b.  If we move the bs to the 
left and the as to the right, we get 18b = 14a, or 9b = 7a.  If we divide both sides of this equation by 7b, we get 9/7 = a/b.  The ratio of a to b is thus 9/7.

Problem 10.   Since this is reflected over the x-axis, the x-coordinates will all remain the same, but the y-coordinates will become the opposite sign of 
what they were. Thus, I’ will have the coordinates (3, –5).

Warm-Up 4

Problem 1.  There are 21 prices, so the 11th price is the median price of a one-pound bag of potato chips. That is $1.99. Only 6 bags of chips cost less 
than $1.99.
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Problem 2.  Vivian’s 30 rap songs represent 2/3 of her collection. Since 2/3 of Malik’s songs also are rap, he must have 2/3 × 60 = 40 rap songs, 
which is 40 – 30 = 10 more rap songs than Vivian has.

Problem 3.  The least common multiple of 6 and 10 is 30. Lashae should buy 30 violets, which is 30/10 = 3 packages of violets.

Problem 4.  The fourth number of the next row would be the value of “11 choose 3,” which is (11 × 10 × 9)/(3 × 2 × 1) = 165.

Problem 5.  There are 4 white squares in the diagram, the 8 large white triangles can be joined in pairs to create 4 white squares, and the 4 small 
corner triangles can be joined to create 1 white square. This gives us a total of 4 + 4 + 1 = 9 white squares that are equal in area to the 9 shaded 
squares. Therefore, 1/2 of the largest square is shaded.

Problem 6.   Dividing 84 by 56, we get 1.5. As a percent, 1.5 is 150%, which is a 50% increase.

Problem 7.   The value of the expression is 3 × 3 + 4 × (–2)3 = 9 + 4 × (–8) = 9 – 32 = –23.

Problem 8. Let x equal the length of segment BC. Based on the information provided, we can set up the following equation: 5x = (2x + 8) + x. 
Solving for x, we find that x = 4; thus, the length of segment AC is 5x = 5 × 4 = 20 units. 

Problem 9.  Let k equal the larger number and l equal the smaller number. From the problem, we get k + l = 3(k – l), so 2k = 4l. Since we are 
looking for the ratio of the smaller number to the larger number, we want to solve for the variable arrangement of l/k. In doing so, we divide both 
sides of the equation by 4k and find that l/k equals 1/2.

Problem 10.  There are 14 "square sides" in the perimeter of the figure, so each "square side" must be 56 ÷ 14 = 4 units. Each of these "square 
sides" is an edge of the final cube, and the volume of the cube would be 4 × 4 × 4 = 64 cubic units.

Workout 2

Problem 1.  Sara can make 30 ÷ 5/8 = 30 × 8/5 = 48 bags of dried bananas. She will bring in 48 × $1.58 = $75.84 in sales if she sells all the bags.

Problem 2.  The least five-digit perfect square is 10,000, which is 1002. The greatest five-digit perfect square is 99,856, which is 3162. There must 
be 316 – 99 = 217 integers that are five-digit perfect squares.

Problem 3.  The four friends invested a total of $24,000 in the startup company. Dylan contributed 9/24, or 3/8, of the total, so he will get  
3/8 × $72,000 = $27,000 of the profit made.  

Problem 4.  The sum of the scores of Mr. Pascal’s 28 students is 28 × 73 = 2044. If we remove the lowest score of 19 points, the sum becomes 
2025, and the new class average is 2025 ÷ 27 = 75 points.

Problem 5.  The average of the four integers is 596 ÷ 4 = 149. The four even integers must be 146, 148, 150 and 152. The product of the least and 
the greatest of these integers is 146 × 152 = 22,192.

Problem 6.  Start by looking at the only two squares that are touching and contain numbers (7 and 15). From these, 
we can determine that the square to the left of 7 is 15 – 7 = 8. By continuing this process, we can fill in the Number 
Wall as shown at the right, and find that the number in the block labeled N will be 132.

 

Problem 7.   The dotted line is a perpendicular bisector of chord AB at its midpoint M, so AM = MB = 3. Using the 
Pythagorean Theorem with right triangle OMB, we can see that the radius of the circle is 5 units long and the area of  
circle O is 25π square units. 

Problem 8.   There are 6 × 6 × 6 = 216 possible rolls of the three number cubes. In considering the sums greater than 20, we need to distinguish 
between the three cubes. The different rolls to get each sum are listed below with the number of different ways to get each roll. In all, there are  
35 ways to get a sum greater than 20, so the probability is 35/216.

30 = 10 + 10 + 10 1 way
28 = 10 + 10 + 8 3 ways
26 = 10 + 10 + 6 3 ways
26 = 10 + 8 + 8 3 ways
24 = 10 + 10 + 4 3 ways
24 = 10 + 8 + 6 6 ways
24 = 8 + 8 + 8 1 way
22 = 10 + 10 + 2 3 ways
22 = 10 + 8 + 4  6 ways
22 = 10 + 6 + 6  3 ways
22 = 8 + 8 + 6  3 ways
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Problem 9.  Rectangular arrays such as these yield “oblong numbers,” which are products of two consecutive natural numbers.  
P50 = 50 × 51 and P25 = 25 × 26.  The ratio P50/P25 is (50 × 51)/(25 × 26) = 51/13.

Problem 10.  When a population grows by 5%, we can multiply by 1.05 to find the new population. To work this calculation backward 5 years, 
we can divide 3105 by 1.05 five times, or we can divide 3105 by 1.055. Either way, the result is 2433 people, to the nearest whole number.

Warm-Up 5

Problem 1.  There are 12 distinct letters represented in the name “Hattiesburg, Mississippi,” so the probability that Minh’s letter matches one of 
these is 12/26, or 6/13.

Problem 2.  The total for all four grades was 1250 + 500 + 1000 + 750 = 3500. Grade 7 made 500 of this 3500, which is 1/7 or about 14.3%, to 
the nearest tenth. 

Problem 3.  If we ignore the 0, the remaining numbers can be paired as follows: (–5 + 10) + (–15 + 20) + (–25 + 30) + … + (–235 + 240). Each 
of these pairs has a value of 5 and there are 24 pairs, so the total is 24 × 5 = 120.

Problem 4.  Let’s place the variable a just below z in the square. Since the sum of the three numbers in each row and column is 
the same, 11 + 6 + a = 10 + a + z. Subtracting 10 + a from each side, we obtain z = 7.

Problem 5.  This quadrilateral is a parallelogram with a base of 3 units and a height of 4 units, which gives an area of 12 square units.

Problem 6.  Start by plugging in 3 for the as and 5 for the bs in the expression ab – ba. That gives us 35 – 53 = 243 – 125 = 118.

Problem 7.  The 4 starters who averaged 15 out of 20 shots must have made a total of 4 × 15 = 60 baskets. If the average of all 5 starters was 14 
out of 20, then there must have been a total of 5 × 14 = 70 baskets made. That means the fifth starter made just 10 of his free throws, which is 
50% of his 20 attempts.

Problem 8.   There are 5280 feet in one mile, so 75 miles is 75 × 5280 = 396,000 feet. Also, there are 60 × 60 = 3600 seconds in one hour, so  
75 miles per hour is 396,000 ÷ 3600 = 3960 ÷ 36 = 110 feet per second.

Problem 9.   Let x equal the amount of the $9.00 chocolate Kindra will use. Based on the information provided in the problem, we can create 
the following equation: [(10 lb)($1.50/lb) + (x lb)($9.00/lb)]/(10 + x) = $4.00. Multiplying both sides of the equation by (10 + x) and simplifying 
gives us 15 + 9x = 40 + 4x. Now we can solve for x. 5x = 25 → x = 5. Thus, Kindra must add 5 lb of the $9.00 chocolate.

Problem 10.  The volume of the cube is 3 × 3 × 3 = 27 cubic inches. In general, the volume of a pyramid is one-third of the area of the base times 
the height. We know the area of the base of this pyramid is 3 × 3 = 9 square inches, and we know its volume is 54 – 27 = 27 cubic inches. Thus, 
we can write the equation 27 = 1/3 × 9 × h, for which the solution is h = 9 inches. 

Warm-Up 6

Problem 1.  We can ignore the 6, since the 2 and the 9 provide its prime factors. The desired integer is 2 × 5 × 9 = 90.

Problem 2.  If you know that 73 = 343, then the only thing that remains is to get the decimal point in the right place. Since 0.07 has two decimal 
places, we need a total of six decimal places. Thus, the value is 0.000343.

Problem 3.  The product xy is (a/b)(b/a) = ab/ab = 1. Thus, its square is also 1.

Problem 4.  We can solve this algebraically as follows: x + 1/x = 2 → Multiply both sides by x to get x2 + 1 = 2x → x2 – 2x + 1 = 0. → Factor to 
get (x – 1)(x – 1) = 0. Solving for x, we find that the number in question is 1.

Problem 5.  The side length of a square with an area of 18 square units is √18, which is a little more than 4 units. Thus, the smaller square will 
extend out from the origin a little more than 2 units in all four directions. There will be 5 × 5 = 25 lattice points inside its perimeter. The square 
with an area of 50 square units will have a side length of √50, which is just over 7 units, and will extend out from the origin a little more than 3.5 
units in all four directions. There will be 7 × 7 = 49 lattice points inside its perimeter. Thus, between the two square’s boundaries, there will be   
49 – 25 = 24 points.

Problem 6.   Twenty hours at $7.50 is 20 × 7.5 = $150. Since 22% is withheld for taxes and Social Security, Pedro’s take-home pay is   
150 × 0.78 = $117.

Problem 7.  Mary will be 55 miles away when Simba starts driving. Simba is traveling 65 − 55 = 10 mph faster than Mary, so it will take her  
55 ÷ 10 = 5.5 hours to catch up. Simba started driving 1 hour after Mary, so Simba started driving at 10 am. Thus, when Simba catches up to 
Mary, the time will be 3:30 pm.

Problem 8.  For the difference to be divisible by 5 after 6s has been subtracted from 47, 6s must end in 2 or 7. The smallest possiblility is s = 2, 
which gives us the solution (7, 2).

Problem 9.  The desktop that is 3 feet by 4 feet is 36 inches by 48 inches. We can cover a 36-inch by 45-inch area with a 12 × 9 array of 3-inch 
by 5-inch cards since 36 inches is 12 × 3 inches and 45 inches is 9 × 5 inches. This requires 12 × 9 = 108 cards. We are left with a 3-inch by 36-
inch area, which we can cover with eight 3-inch by 5-inch cards. Thus, we need a minimum of 108 + 8 = 116 index cards.

11 6
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Problem 10.  The side length of square EFGH is equal to 3 radii, which is 3 × 6 = 18 feet. Thus, the area of the square is 182 = 324 square feet.

Workout 3

Problem 1.  Let x = 0.38. Then 100x = 38.38. Subtracting the first equation from the second, we get 99x = 38, which means that x = 38/99. The 
desired sum is 38 + 99 = 137.

Problem 2.  The sum of the two other primes must be 79 – 43 = 36. If we subtract 10 from the bigger prime, then the sum would be 26 and they 
would each be 13. Now we can add 10 back to one of them to find that it is 23. The product of the three numbers is 13 × 23 × 43 = 12,857.

Problem 3.  For the product to be negative, we must pick a negative disk and then a positive disk, or we must pick a positive disk and then a 
negative disk. The probability is thus 2/5 × 3/4 + 3/5 × 2/4 = 6/20 + 6/20 = 12/20 = 3/5.

Problem 4.  There is only one prime in the nineties, so we will have to use 97. That makes 61 the next biggest possible prime, and then 53. The sum 
is 97 + 61 + 53 = 211. (Note that 6 and 5 can’t be the units digit of a two-digit prime, so we know two of the numbers must be 5__ and 6__.)

Problem 5.  Because the length, width and height of the rectangular prism are doubled, the volume will be 2 × 2 × 2 = 8 times as great. When the 
radius of the cylinder is doubled, but not the height, the volume will be only 4 times as great. The ratio of the volume of the new cylinder to the 
volume of the new rectangular prism is thus 4/8, or 1/2.

Problem 6.   The diagonal BD is vertical and since the diagonals of a rhombus are always perpendicular bisectors of each other, we know that the 
diagonal AC will be horizontal. Since point A is 3 units to the right of the vertical diagonal, point C should be moved right such that it is 3 units to 
the left of the vertical diagonal. This will put point C at (–1, 0).

Problem 7.   The diagram to the right shows the color of the three lights as time passes (gray represents red, white 
represents green). Each square represents one minute, with the first square at 9:00 am. At 9:06 am the three lights 
are all red for the next minute for the first time since 9:00am..

Problem 8.  If Sara makes 80% of her free throws, then she misses 20% of them. If she misses two of the next three shots, then she must make one 
of those three shots. This can happen in three ways (N/N/Y, N/Y/N or Y/N/N). The probability that she misses two of her next three free throws is  
(1/5 × 1/5 × 4/5) + (1/5 × 4/5 × 1/5) + (4/5 × 1/5 × 1/5) = 4/125 + 4/125 + 4/125 = 12/125.

Problem 9.  Since the entire logo is 4 by 4, we know one quadrant is 2 by 2. We can determine the area of the shaded region by 
subtracting the area of the unshaded portion from the total area of the quadrant, which is 2(2) = 4 square units. The unshaded square in 
the lower left corner of the quadrant shown is 1(1) = 1 square unit, and each of the two large unshaded triangles has an area of  
(1/2)(1)(2) = 1 square unit, which means there is a total unshaded area of 1 + 1 + 1 = 3 square units within this quadrant. This leaves   
4 – 3 = 1 square unit that is shaded. There are 4 identical quadrants that make up the logo; thus, the area of the shaded portion of the 
entire logo is 4 square units.

Problem 10.  To get to the 2011th term, one would have to add 2010 × 3 = 6030 to the –4, which is the first term. The result is 6026.

System of Equations Stretch

Problem 1.  Let’s start by solving the second equation for y. 3x – y = 11 → –y = –3x + 11 → y = 3x – 11. Now we can substitute this expression for 
y in the first equation and solve for x, as follows: 2x + 3(3x – 11) = 11 → 2x + 9x – 33 = 11 → 11x – 33 = 11 → 11x = 44 → x = 4. Finally, we plug 
in 4 for x and solve for y, as follows: 3(4) – y = 11 → 12 – y = 11 → –y = –1 → y = 1. Thus, the solution is (4, 1). Since both equations are equal to 
11, this could also be solved by setting the left side of each equation equal to each other.

Problem 2.  We can solve this one by multiplying the second equation by 3 and then adding the two equations together as follows:
3((3/x) – (1/y) = 11) → (9/x) – (3/y) = 33.
 
   (2/x) + (3/y) = 11
+ (9/x) – (3/y) = 33
   11/x              = 44  → x = 1/4

Now we can plug in 1/4 for x and solve for y:  (2/(1/4)) + (3/y) = 11 → 8 + 3/y = 11 → 3/y = 3 → y = 1
Thus, the solution is (1/4, 1). Another solving method would be to multiply each equation by xy, setting the left sides equal to each other and then 
solving.

Problem 3.  First let’s solve for y2 in the second equation, as follows:
3x2 – y2 = 11 →  –y2 = –3x2 + 11 → y2 = 3x2 – 11. 
Now we can plug this into the first equation for y2, as follows:
2x2 + 3(3x2 – 11) = 11 → 2x2 + 9x2 – 33 = 11 → 11x2 = 44 → x2 = 4 →  x = ±2
If we plug in 2 for x, we find the following:
3(2)2 – y2 = 11 → 3(4) – y2 = 11 → – y2 = –1 → y2 = 1 → y = ±1
If we plug in –2 for x, the result is the same for y. Thus, the solution is (±2, ±1).
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Problem 4.  No solution occurs when the slopes of two lines are the same and their y-intercepts are different, so let’s start by finding the slope of 
the second line. 3x – y = 11 → –y = –3x + 11 → y = 3x – 11. The slope here is 3.
Now we can rearrange the first equation in the same way.
kx + 3y = 11 → 3y = –kx + 11 → y = (–k/3)x + 11/3. The slope of this line, –k/3, must equal 3 for the two equations to have no solution. 
Thus, –k/3 = 3 → k = –9.

Problem 5.  Following the logic stated for problem 4, we’ll start by finding the slope of the line described by the second equation. (Notice it is 
the same second equation as in problem 4).
3x – y = 11 → –y = –3x + 11 → y = 3x – 11. The slope here is 3.
Now we can rearrange the first equation in the same way.
2x + ky = 11 → ky = –2x + 11 → y = (–2/k)x + 11/k. The slope of this line, –2/k, must equal 3 for the two equations to have no solution. 
Thus, –2/k = 3 → k = –2/3. (Note that the y-intercept of the second equation in this problem is then 11/k = 11/(–2/3) = –33/2, which is not the 
same as the y-intercept of the second equation in problem 4, so these aren’t the same line.)

Problem 6.  Let’s start by adding all of the equations together, as follows:
     2a + b             = 19
                 2c + d = 37
+           b       + d = 24
2a + 2b + 2c + 2d = 80
Now we can divide both sides by 2 to find our sum.
a + b + c + d = 40

Problem 7.  Let’s start by squaring both sides of a + b = 29 to get (a + b)(a + b) = 841. Now if we FOIL (First, Outer, Inner, Last) the left side 
of the equation we get: a2 + 2ab + b2 = 841. Notice this involves ab, the value of which we were given in the problem! So from here we can 
substitute the value of ab and solve.
a2 + 2(204) + b2 = 841 → a2 + 408 + b2 = 841 → a2 + b2 = 433

Problem 8a. For this one, let’s multiply the top equation by 3 and the bottom equation by 2 so that we can eliminate the ys by subtracting the two 
equations. 
3(5x + 6y = 7)    → 15x + 18y = 21  →      15x + 18y = 21 
2(8x + 9y = 10)  → 16x + 18y = 20  →  – (16x + 18y = 20)
                   –x           = 1      →    x = –1

Now we can plug in –1 for x and solve for y.
5(–1) + 6y = 7 → –5 + 6y = 7 → 6y = 12 → y = 2
Thus, the solution is ( –1, 2).

Problem 8b.  To solve this one, let’s start by solving the top equation for x.
x + 2y = 3 → x = 3 – 2y
Now we can plug in 3 – 2y for x in the second equation to find y.
4(3 – 2y) + 5y = 6 → 12 – 8y + 5y = 6 → –3y = –6 → y = 2
Now we can plug in 2 for y in the first equation and solve for x.
x + 2(2) = 3 → x + 4 = 3 → x = –1 
Thus, the solution is (–1, 2).

Problem 9a. i. Notice that x2 – y2 is a difference of perfect squares. Thus (x + y)(x – y) = 48. This shows us that we are looking for numbers, x and 
y, that add and subtract to give us the factor pairs of 48. (Those pairs are 1 and 48, 2 and 24, 3 and 16, 4 and 12, 6 and 8.) After some checking of 
the possibilities, the only solutions that work are (13, 11), (8, 4) and (7, 1).

Problem 9a. ii. Again, we are dealing with perfect squares, but our only factor pair is 1 and 23. Thus, the only solution is (12, 11).

Problem 9a. iii. Again, we are dealing with perfect squares. Our factor pairs to consider this time are 1 and 45, 3 and 15, and 5 and 9. This leaves 
us with solutions of (23, 22), (9, 6) and (7, 2).    

Problem 9a. iv. Again we are dealing with perfect squares. Our factor pairs to consider are 1 and 90, 2 and 45, 3 and 30, 5 and 18, 6 and 15, 
and 9 and 10. Unfortunately none of these factor pairs will work, but with so many factor pairs how is this possible? Notice that each factor pair 
consists of an odd number and an even number. There is no way to add and subtract the same two numbers and get an odd number and an even 
number. Thus, there is no solution.

Problem 9b. In this equation, n must be odd or a multiple of 4 since (x + y) and (x – y) must either both be even or both odd.

Problem 10. Let a, b, c, d and e be the weights of the boxes, such that a < b < c < d < e. This tells us that  a + b = 110 and d + e = 121. Each of 
the five weights appears four times in the list of ten equations, so 4a + 4b + 4c + 4d + 4e = sum of all 10 weights = 1156, so a + b + c + d + e = 
289. We know a + b = 110 and d + e = 121, so a + b + d + e = 231. Thus, c = 289 – 231 = 58. From this we can get the following sets of weights: 
53, 57, 58, 60, 61; 53, 57, 58, 59, 62; 54, 56, 58, 60, 61; 54, 56, 58, 59, 62. However, when we check against the sums provided in the problem 
(110, 112, 113, 114, 115, 116, 117, 118, 120 and 121), we see that the only set that works is 54, 56, 58, 59, 62. Thus, a = 54, b = 56, c = 58,  
d = 59, e = 62.
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SOLUTIONS TO 
WHAT ABOUT MATH? PROBLEMS

What About Math? - AUVSI Foundation

Problem 1a.  First let’s find the total area of tread that touches the ground at one time: 30 cm × 5 cm = 150 cm2 → 150 cm2  × 2 treads = 300 cm2. 
Now we can divide the weight of the robot by the area touching the ground: 120 kg/300 cm2 = 0.4 kg on each square centimeter of tread.   

Problem 1b.  Again, let’s start by finding the total area that touches the ground at one time: 3 cm × 5 cm = 15 cm2 → 15 cm2  × 4 wheels =  
60 cm2. Now we can divide the robot’s weight by the area we just calculated: 120 kg/60 cm2 = 2 kg on each square centimeter of wheel.

Problem 1c.  The formula for circumference is C = 2πr, so each rotation will move the robot (2)(π)(3) =  18.8496 cm. Given that the speed of the 
motor is 120 rpm, in one minute the wheel would make 120 rotations. However, the question asks how far the robot will travel in 30 seconds. We 
know that 30 seconds is 1/2 of a minute, so in 30 seconds the wheel will make 120/2 = 60 rotations, causing the robot to travel   
(60 rotations)(18.8496 centimeters per rotation) = 1131.0 cm, to the nearest tenth.

Problem 2.  Since the problem states that the robot’s volume is equivalent to that of the cylinder, let’s calculate the volume of the cylinder. 
V = π(9/2)2(100) = 3.14(4.5)2(100) = 6358.5 cm3(1 m/100 cm)3 = 0.0063585 m3.
Now, we can determine the mass of water with an equivalent volume as follows: (1000 kg/m3)(0.0063585 m3) = 6.3585 kg.
Since the robot’s mass is greater than 6.3585, the robot will sink. In order to make it neutrally buoyant, we would need to add (10 – 6.3585) = 
3.6415 kg of flotation (or remove 3.6415 kg of the robot's mass) to make it neutrally buoyant.

Problem 3a.  The total time the UAV can travel is (45 gallons)/(3 gallons per hour) = 15 hours. However, one of those hours will be spent flying 
in the area and the UAV has to be able to get back home (that is, it’s a round trip), so the UAV can travel up to     
[(15 hours – 1 hour)(160 miles per hour)]/2 = 1120 miles from the launching location.

Problem 3b.  If this UAV is to have a reserve of 0.5 hour of fuel remaining, we must subtract that from the 45/3 = 15 hours of flying time the  
45 gallons of fuel allows for. So, following the same process as seen above, we find that the UAV can travel up to [(15 hours – 1 hour – 0.5 hour)
(160 miles per hour)]/2 = 1080 miles from the launching location.

Problem 4a.  First let’s find the number of bytes per picture (or frame) by finding the number of pixels in a frame and multiplying it by the ratio 
of bytes to pixels, as follows: 640 pixels × 480 pixels × 3 = 921,600 bytes/frame. According to the problem, this is equivalent to  
921,600(8 bits/1 byte) = 7,372,800 bits. If the network can carry 128,000,000 bits per second, it should be able to handle up to 
128,000,000/7,372,800 = 17.36 ≈ 17 frames per second, to the nearest whole number.

Problem 4b.   At a rate of 30 frames per second, the network could accommodate frames containing up to 128,000,000/30 = 4,266,666.667 bits. 
This is equivalent to 4,266,666.667(1 byte/8 bits)(1 pixel/3 bytes) = 177,777.7778 pixels. Since we are looking at square frames, the frame could 
be up to √177,777.7778 = 421.6 pixels wide, to the nearest tenth.

Problem 5a.  As stated in the problem, height = (1/2)(g)(t)2 = (1/2)(9.8)(1.7)2 = 14.16 m, to the nearest hundredth.

Problem 5b. As stated in the problem, velocity = (g)(t) = (9.8)(1.7) = 16.66 m/s, to the nearest hundredth.

Problem 6.  The time it took to go one way was ((99,330,000 km)(1000 m/1 km))/300,000,000 m/s = 331.1 s. Therefore, the round trip took 
331.1 × 2 = 662.2 s. In terms of minutes and seconds, that is (662.2 s)(1 min/60 s) = 11 min 2 s.

Problem 7.  While carrying 10 lb the robot will lose (10 lb)(8 min/lb) = 80 minutes of operating time at maximum velocity.
Based on the information in the problem, the robot can travel at maximum velocity with no weight for (3 hours)(60 min/1 hour) = 180 min.
When the robot loses 80 minutes, that leaves 180 min – 80 min = 100 min in which it can operate carrying 10 lb at maximum velocity. This 
means the robot will be able to travel up to (100 min)(20 feet/min) = 2000 feet.

Problem 8.  The problem states that moment = weight × distance. So, for 5 feet we can set up the following equation: 60 ft-lb = (weight)(5 feet).
Solving for weight, we find that the motor will support a maximum of (60 ft-lb)/(5 feet) = 12 lb at a distance of 5 feet.

Problem 9.  Let T = torque, f = force and d = distance. The problem states that T = (f)(d), so we can determine that (3 lb)(8 in) = 24 in-lb →  
(24 in-lb)(1 ft/12 in) = 2 ft-lb.

Problem 10a.  We can solve this one by setting up a series of “number of teeth on output” to “number of teeth on input” ratios, as follows:  
(25/40) × (30/25) × (60/30) × (20/60) = (20/40) = 1/2.

Problem 10b. First, notice that since the input is at the left side, instead of the right side as it was in the previous question, the gear ratio is  
2/1 = 2. Now we can multiply the motor speed by the reciprocal of the left-to-right gear ratio to get the gear speed of the rightmost gear.  
120(1/2) = 60 rpm.
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What About Math? - The Actuarial Foundation

Problem 1.  Since the likelihood of neither a hailstorm not a tornado occurring is 55%, we know that 45% of the time a hailstorm and/or a 
tornado will occur. The problem states that 35% of the time a hailstorm occurs and 25% of the time a tornado occurs. If these two items were 
mutually exclusive, 35% + 25% = 60% of the time a hailstorm OR a tornado would occur. However, we know that these two events occur only 
a total of 45% of the time and we know that these events are NOT mutually exclusive. Since we know that these events (a hailstorm and/or a 
tornado) occur 45% of the time, we know that 60% – 45% = 15%, of the time these events must occur together, which is a probability of 0.15.

Another way to solve this problem is as follows:
Let T = tornado event and H = hail event. The symbol ~ is used for negation; that is, ~T = event that a tornado does not happen.

Pr(T  H) = 1 – Pr(~T  ~H) = 1 – 0.55 = 0.45
Pr(T  H) = Pr(T) + Pr(H) – Pr(T  H)

So, solving the equation 0.45 = 0.25 + 0.35 – Pr(T  H), we have Pr(T  H) = 0.25 + 0.35 – 0.45 = 0.15.

Problem 2.  To make the math a bit easier, let's suppose there are 100 total earthquakes. According to the distribution, we could assume 10 of 
these earthquakes would result in $5 million of damage each (so 10 × $5 million = $50 million total); 15 earthquakes would result in $10 million 
of damage each (or $150 million total); and so on. We can find the average value of all 100 earthquakes as follows (note that we're not writing 
"million" for each dollar value): [($5 × 10) + ($10 × 15) + ($25 × 20) + ($50 × 30) + ($75 × 20) + ($100 × 4) + ($150 × 1)] ÷ 100 = 42.5. So, the 
expected (mean) damage will be $42.5 million.

Problem 3.  As seen in the table below, the third quartile is 50 million and the first quartile is 10 million.

Dollar Value of Damage 
(millions)

Cumulative 
Probability (%)

5 10

10 25

25 45

50 75

75 95

100 99

150 100
 
So, the interquartile range = $50 – $10 = $40 million.

Problem 4.  The following table may help visualize the solution.

Male Female Total

Young 4000

Old 3000

Total 4000 10,000
 
# Young = 10,000 – 3000 = 7000
# Young Female = 7000 – 4000 = 3000
# Old Female = 4000 – 3000 = 1000
− OR –
# Male = 10,000 – 4000 = 6000
# Old Male = 6000 – 4000 = 2000
# Old Female = 3000 – 2000 = 1000

Problem 5.  A “fair bet” is one in which the expected winning is zero. So, calculate the probability of winning and losing.  We’ll do this from 
your perspective.

Pr(winning) = 1/4 + 1/12 + 1/12 = 5/12
Pr(losing) = 1 – Pr(winning) = 7/12

Let x be the amount you should win. Then solve the following equation for x:
Expected winning = [(5/12) × (x)] + [(7/12) × (–5)] = 0

x = $7

Problem 6.   Suppose we have 10,000 people. Then, only 1 will have the disease. Now, 0.5% of 10,000 is 50; so 50 people will test positive but 
not have the disease. So, the total number of positive results is 50 + 1 = 51; thus, the probability that you actually have the disease is   
1/51 = 0.019, or 2%.

Problem 7.   The calculation is as follows: 5/50 = 0.10.
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Problem 8.  The calculation is as follows: ($7500 + $5000 + $3000 + $11,500 + $8000)/5 = $35,000/5 = $7000.

Problem 9.  Calculate the pure premium = 0.10 × $7000 = $700.
Let p = charged premium and solve the equation p = $700 + 0.15p + 0.05p for p as follows: p = $700 + 0.2p → 0.8p = $700 →   
p = $700/0.8 = $875.

Problem 10.  AutoMakers, Inc. produces 100 + 80 + 70 = 250 cars each day in total. So, it’ll take 1600/250 = 6.4 or 7 days. (Note that 6 full days 
will produce only 6 × 250 = 1500 cars.)

What About Math? - Consumer Electronics Association

Problem 1. The distance from the center of the square to the farthest point away on the square (one of the corners) is half the length of the 
hypotenuse of a right triangle, the two legs of which are formed by two adjacent sides of the square. The length of the hypotenuse is √(12 + 12) = 
√2 km. One-half the length of the hypotenuse is therefore (1/2)(√2) km. So, the wireless service provider needs a signal that will travel at least 
(√2)/(2) km, which is (√2)/(2) × 1000 = 500√2 meters. 

From the formula provided in the problem, we know the received signal strength (1 × 10-6 watt), the distance d (500√2 m) and π. Before we can 
solve for the transmitted signal strength, we also need to know the wavelength λ. We calculate it by dividing the speed of light (3 × 108 meters per 
second, or 300,000,000 m/s) by the frequency (900,000,000 Hz, or 900,000,000 cycles/s). The result is 1/3 m/cycle.

Multiplying both sides of the equation, received signal strength = transmitted signal strength ÷ (4πd/λ)2  by  (4πd/λ)2 results in this equation:
transmitted signal strength = received signal strength × (4πd/λ)2

We can now solve for transmitted signal strength because we know the values of every variable on the right side of the equation.
transmitted signal strength = (1 × 10-6 W) × ((4(π)(500√2m))/(1/3m))2 = 711 W, to the nearest whole number.

Problem 2. The circuit breaker will trip if 15 amps of current flow through it. The house has standard 120-volt electric service, so the total power 
consumed by all of the devices on the circuit together cannot exceed 15 amperes × 120 volts = 1800 watts. The toaster consumes 1100 watts, so 
the coffeemaker can consume up to 1800 – 1100 = 700 watts of power without tripping the circuit breaker.

Problem 3. The power available for continuous charging from a standard wall outlet is 120 volts × 12 amperes, or 1440 watts. Use the equation 
energy = power × time to figure out how much time is required to charge the PHEV. The time required is energy divided by power, or for  
a Level 1 charging outlet, 9000 W-h ÷ 1440 W = 6.25 hours.  

Problem 4.  A Level 2 outlet can supply 240 volts × 32 amperes = 7680 watts. The time required to charge the same vehicle with a Level 2 
charger is 9000 W-h ÷ 7680 watts = 1.17 hours.

Problem 5.  Find the power used per day while on and the power used per day while off, and then add the two together: (5 × 33) + (19 × 0.4) 
which is 172.6 watts.
power used per day while on = 5 × 33 = 165 watts
power used per day while off = 19 × 0.4 = 7.6 watts
power used per day for the small TV = 165 + 7.6 = 172.6 watts

Problem 6. First, find the prime factors of 1920 and 1080, using prime factorization.
1920 = 2 × 2 × 2 × 2 × 2 × 2 × 2 × 3 × 5 
1080 = 2 × 2 × 2 × 3 × 3 × 3 × 5  
Next, identify those prime factors that both numbers have in common, and multiply them. 
GCF of 1920 and 1080 =  2 × 2 × 2 × 3 × 5 = 120
Now, to find the ratio: 
1920 = 120 × 16  
1080 = 120 × 9 
So the aspect ratio of 1920:1080 is (120 × 16):(120 × 9) = 16:9.

Problem 7. To find out the maximum number of listed sites that can be used, start adding from the smallest user of bandwidth and keep adding 
until reaching but not exceeding 25Mbps. This will give you the most websites that can be used in the allotted speed to the home. 
  MySpace = 1 Mbps
  Facebook = 2 Mbps
  Pandora = 5 Mbps
  YouTube-HD = 12 Mbps
Total = 20 Mbps, and adding Amazon Video On Demand (24 Mbps) would exceed 25 Mbps. So, the maximum number of websites is 4.
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PROBLEM INDEX

Algebraic  
Expressions  
& Equations
WO 1-6; 3 
WU 3-6; 2 
WU 3-9; 4 
WU 4-7; 4 
WU 5-6; 2 
WU 6-3; 2 
WU 6-7; 3 
WU 6-8; 4 
*Stretch*

Sequences        
& Series
WU 1-6; 1 
WO 2-9; 3 
WO 3-10; 3 

Measurement
WU 1-2; 1 
WU 1-9; 3 
WO 1-10; 4 
WU 4-8; 3

Number          
Theory
WU 1-4; 1 
WU 1-8; 1 
WU 2-7; 2 
WO 1-5; 2 
WU 4-4; 4 
WO 2-2; 3 
WO 2-6; 2 
WU 6-1; 2 
WU 6-4; 3 
WO 3-2; 2 
WO 3-4; 3 

Solid 
Geometry
WU 2-9; 2 
WU 3-4; 3 
WU 4-10; 2 
WU 5-10; 4 
WO 3-5; 4

Plane        
Geometry
WU 1-10; 2 
WU 2-2; 1 
WU 2-10; 3 
WU 4-5; 3 
WO 2-7; 4 
WU 6-10; 3 
WO 3-9; 3

Coordinate  
Geometry
WU 3-10; 2 
WU 5-5; 3 
WU 6-5; 3 
WO 3-6; 3 

Logic
WU 2-5; 1 
WO 1-2; 3  
WO 1-8; 1 
WU 3-7; 2 
WU 4-3; 1 
WU 5-4; 3  
WU 6-9; 3

Probability, 
Counting & 
Combinatorics
WU 1-5; 1 
WU 2-4; 1 
WU 2-6; 1 
WU 3-5; 3 
WO 2-8; 4 
WU 5-1; 1 
WO 3-3; 3 
WO 3-8; 5

Percents & 
Fractions
WU 1-7; 2 
WO 1-9; 3 
WU 4-6; 2 
WO 2-10; 3 
WU 6-6; 2 

Pattern 
Recognition
WU 3-2; 2 
WO 2-5; 2 
WO 3-7; 3

Proportional 
Reasoning
WU 2-3; 2 
WU 2-8; 2 
WU 3-3; 2 
WU 4-2; 2 
WO 2-3; 2 
WU 5-8; 3

Problem 
Solving    
(Misc.)
WO 1-1; 2 
WO 1-4; 2 
WO 2-1; 2 
WU 5-9; 4 
 

General       
Math
WU 1-1; 1
WU 1-3; 1 
WO 1-7; 2 
WU 3-1; 2 
WU 4-9; 3 
WU 5-3; 3 
WU 6-2; 2 
WO 3-1; 3

Statistics
WU 2-1; 1 
WO 1-3; 2 
WU 3-8; 2 
WU 4-1; 1 
WO 2-4; 2 
WU 5-2; 2 
WU 5-7; 3

It is difficult to categorize many of the problems in the MATHCOUNTS School Handbook. It is 
very common for a MATHCOUNTS problem to straddle multiple categories and cover several 
concepts. This index is intended to be a helpful resource, but since each problem has been placed 
in exactly one category, the index is not perfect.

Code: WU 1-7; 2 refers to Warm-Up 1, problem 7; difficulty rating 2. See the explanation of  
difficulty ratings on page 47.    

For an additional 200 problems, simply request Volume II of the MATHCOUNTS School 
Handbook by using the Registration Form provided on the last page of this book.




