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Math 3 Variable Manipulation Part 6 
Writing and Solving Equations 

 
Math 1 Review:  Linear Equations 
TRANSLATING FROM ENGLISH INTO ALGEBRA (PLUG IN) 
The next part of variable manipulation problems is to figure out the problem from real life situations.  These 
problems have a lot of wording to help explain the problem in English format.  Some of the problems will have 
the equation within the explanation.  There will usually be an explanation of the variables and the value of the 
variables.   
Example:  While doing research on the climates of South American countries, Andrea notices that all of the 

temperatures are given in degrees Celsius. Because she is not as familiar with Celsius temperature 
scale, it is difficult for her to know whether a location with an average temperature of 25℃ has a 

warm climate.  Fahrenheit, ℉, and Celsius, ℃, are related by the formula F = (
9

5
) C + 32. What is the 

temperature in degrees Fahrenheit of the location with an average temperature 25℃? 

Solution: The equation for this problem is F = (
9

5
) C + 32 as listed within the problem. The problem also states 

that C is the degrees Celsius and says to find the degrees F when degrees C is equal to 25?  So plug 
in 25 for C and solve for F. 

F = (
9

5
) C + 32 = (

9

5
) 25 + 32 = 45 + 32 = 77 

 

Sample Questions: 
1. A formula used to compute the current value of an investment account is A = P(1 + r)n, where A is the 

current value, P is the amount deposited, r is the rate of interest for 1 compounding period, expressed 
as a decimal, and n is the number of compounding periods. What is the value of an investment account 
after 3 years if $8,000 is deposited at 5% annual interest compounded annually? 
 
 
 

2. For a population that grows at a constant rate of r% per year, the formula P(t) = p0(1 + 
𝑟

100
 )t models the 

population t years after an initial population of p0 people is counted. The population of the city of San 
Jose was 782,000 in 1990. Assume the population grows at a constant rate of 5% per year. According 
to this formula, which of the following is an expression for the population of San Jose in the year 2000?  

a. 782,000(6) 10 
b. 782,000(1.5) 10 
c. 782,000(1.05) 10 
d. (782,000 x 1.5) 10 
e. (782,000 x 1.05)10 

 
 
 

3. Force is related to mass and acceleration by the equation F = m * a where F = force exerted, m = mass 
of the object and a = acceleration of the object.  If worker drops his hammer off the roof of a house, 
how much force does the earth apply to the hammer when it hits the ground?  The hammer has a mass 
of 9 kg, and gravity accelerates it at the usual 9.8 m/s2. 
a. 40 kg*m/s2 
b. 56 kg*m/s2 
c. 67 kg*m/s2 
d. 79 kg*m/s2 
e. 88 kg*m/s2 
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TRANSLATING FROM ENGLISH INTO ALGEBRA (EQUATIONS) 
To translate from English into algebra, look for the key words and work from left to right to turn phrases into 
algebraic expressions and sentences into equations. Be careful about order, especially when subtraction is 
called for.  

Translating Verbal Phrases 

Addition Sum, plus, total, more than, increased by 

Subtraction Difference, less than, minus, decreased by 
Multiplication Times, product, multiplied by, of twice, double, triple, etc. 

Division Quotient, divided by, divided into, half, one-fourth, etc. 
Equals Is, the same as 

 
Example:  For all real numbers b and c such that the sum of c and 10 is b, which of the following expressions 
represents the product of c and 3 in terms of b? 

a. b+ 10 
b. 3b - 30 
c. 3(b + 3) 

d. 
𝑏+3

3
 

e. 
𝑏

3
 + 3 

Solution:  The sum of c and 10 is b is translation by knowing that sum means addition and is means equal to.  
The equation for the first phrase is written as c + 10 = b.  Solving for c becomes c = b - 10.  
Substitute that for c into the second equation and get c x 3 = (b-10) x 3 = 3b -30 or B. 

 
Sample Questions: 

4. Write an equation equal to the sum of a number and eight equals six squared. 
 
 
 

5. What is the difference between half of 120 and the product of 4 and 2. 
 
 
 

6. If each element in a data set is multiplied by 3, and each resulting product is then reduced by 4, which 
of the following expressions gives the resulting data set in terms of x? 
a. x 
b. 3x - 4 

c. x + 
4

3
 

d. 
𝑥

3
 + 4 

e. x + 
3

4
 

7. Which of the following mathematical expressions is equivalent to the verbal expression “A number, x, 
squared is 39 more than the product of 10 and x”?  
a. x2 = 39 x 10x 
b. x2 = 39 + 10x 
c. x2 = 390 − 10x 
d. x2 = 39x + 10 
e. x2 = 390 + 10x 
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TRANSLATING FROM ENGLISH INTO ALGEBRA (STORY PROBLEMS) 
Equations can be used to solve many real life problems.  To write an equation that matches a situation 
translate from English words into algebra, look for the key words and work from left to right to turn phrases 
into algebraic expressions.  Identify the unknown for which you are looking for and assign a variable to it.  Be 
careful about order, especially when subtraction is called for.   
 
Example: The charge for a phone call is r cents for the first 3 minutes and s cents for each minute thereafter. 

What is the cost, in cents, of a call lasting exactly t minutes? (t > 3) 
Solution: The charge begins with r, and then something more is added, depending on the length of the call. 

The amount added is s times the number of minutes past 3 minutes. If the total number of minutes 
is t, then the number of minutes past 3 is t - 3. So the charge is r + s(t- 3). 

 
Three steps to help solve Word Problems 

1. Know the question. Read the whole problem before calculating anything and underline important info. 
2. Let the answers help. Look for clues on how to solve and ways to use process of elimination (POE) 
3. Break the problem into bite-sized pieces. When you read the problem a second time, calculate at each 

step necessary and watch out for tricky phrasing. 
 
Example:  Sandy had 102 dollars to spend on 7 books. After buying them she had 18 dollars. How much did 
each book cost? 
Solution:  The fact that Sandy had $102 to spend on books sounds like that would be the total.  Except when 
reading further on, she had 18 left.  So, Sandy actually spent $102 - $18.  She bought 7 books and we are 
trying to figure out how much each book costs.  So, the cost would be x and the amount spent would be 7x.  
So, the equation would be:     7x = 102 – 18         
Since the question asked for how much each book will cost, we solve for x to get the answer. 

Solving for x, 
102−18

7
 = 12  

 

Sample Questions: 
8. Leticia went into Discount Music to price CDs. All CDs were discounted 23% off the marked price. Leticia 

wanted to program her calculator so she could input the marked price and the discounted price would 
be the output. Which of the following is an expression for the discounted price on a marked price of p 
dollars?  
a. p – 0.23p 
b. p – 0.23 
c. p – 23p 
d. p – 23 
e. 0.23p 
 

9. A house painter charges $24.00 per hour for a painting job that requires more than 5 hours to 
complete. For any job requiring 5 hours or less, the painter charges a flat fee of $100. If n represents 
the number of hours the job requires, which of the following expressions gives the charge, in dollars, 
for a job requiring more than 5 hours to complete?  
a. 124.0 
b. -24n + 100 
c. 24n – 100 
d. 24n 
e. 24n + 100 
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TRANSLATING FROM ENGLISH INTO ALGEBRA (SOLVE FOR X) 
To translate from English into algebra, look for the key words and work from left to right to turn phrases into 
algebraic expressions and sentences into equations. Find the important numbers and write an equation that 
makes sense. Find out what answer the question is asking and solve your equation for the answer (solve for x) 
by using the order of operation rules (PEDMAS). 
 

Example: The membership fees for WebFilms consists of a monthly charge of $14 and a one-time new-
member fee of $16. Sherwood made a credit card payment of $100 to pay his WebFilms fees for a 
certain number of months, including the new-member fee. How many months of membership did 
Sherwood include in his credit card payment?  

a. 4 
b. 6 
c. 7 
d. 12 
e. 14 

Solution: Sherwood’s $100 payment covers both his one-time new-member fee and a few months of a 
membership. Since the new-member fee is $16 and the monthly fee is $14, put (14 x m) into the 
equation.  The equation would be written as 14m + 16 = 100.  Solve for the number of months (m) 
by subtracting 16 from each side of the equation to get 14 m = 84.  Divide both sides of the equation 
by 14 to get m = 6 or B. 

Sometimes ACT problems have lots of words and complicated equations within the questions.  When you see 
one of these type of problems, get excited because while these problems look complicated, they are usually 
very easy to solve.  
 
Example:  A formula for finding the value, A dollars, of P dollars invested at i% interest compounded annually 

for n years is A = P(1 +   0.01i)n. Which of the following is an expression for P in terms if I, n and A? 
a. A – 0.01in 
b. A + 0.01in  

c. (
𝐴

1+0.01𝑖
)n 

d. 
𝐴

(1−0.01𝑖)𝑛 

e. 
𝐴

(1+0.01𝑖)𝑛 

Solution: The formula for this problem is listed within the text.  It looks complicated, A = P(1 +   0.01i)n, 
however, the problem is just asking to solve in terms of P.  Since P is multiplied by a bunch of stuff, 
just divide both sides if the equation by that bunch of stuff to get P alone.  P = A / (1 +   0.01i)n or E. 

 

Sample Questions: 
10. On Monday, 217 students went on a trip to the zoo. All 4 buses were filled and 9 students had to travel 

in cars. How many students were in each bus? 
 
 

11. Alyssa sold half of her comic books and then bought 7 more. She now has 18. How many did she begin 
with? 
 
 

12. Oceanside Bike Rental Shop charges 18 dollars plus 7 dollars an hour for renting a bike. Sally paid 60 
dollars to rent a bike. How many hours did she pay to have the bike checked out? 
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Math 2 Review:  Quadratic Equations 
MONEY AND INTEREST 
An exponential function is a function of the form f(x) = abx where a and b are constants and a ≠ 0 , b > 0 , and b 
≠ 1.  Money and interest are calculated using various exponential function formulas. 
 
Simplified Interest:  Exponential functions can also be of the form A = P(1 + r)t.  This is the simplified interest 
formula. Each part of the formula has a specific meaning. The principal, P, is the original amount of money 
that is deposited. The interest rate, r, is expressed as a decimal and represents the growth rate of the 
investment. Time, t, is the number of years that the money remains in the account. The amount, A, after t 
years can be calculated by using the formula. 
 
Example:  Emily invested $1250 after 2 years she had $1281.45. What was the interest rate, if the interested 
was assessed once a year? 
Solution:  Substitute the known values into the equation A = P(1 + r)t and solve for unknown 
1281.45 = 1250(1 + r)2 
 

1281.45 

1250
 = (1 + r)2  Take square root of both sides 

 

√
1281.45 

1250
 = √(1 +  r)2      ±1.0125 = 1 + r     

Subtract 1 from both sides and solve for the positive and negative to get two separate answers 
r = 0.0125 or r = -2.0125.  The interest rate is positive; therefore, it is 0.0125 or 1.25%. 
 
Compound Interest:  Interest is commonly assessed multiple times 
throughout the year. This is referred to as compound interest because 
the interest is compounded or applied more than once during the year. 

The formula is A = P (1 + 
𝑟

𝑛
 )nt where n is the number of times that the 

interest is compounded during the year. 
 

Example:  Cyndi received a lot of money for her high school graduation and she plans to invest $1000 in a 
Dream CD. A CD is a certified account that pays a fixed interest rate for a specified length of time. Cyndi chose 
to do a 3 year CD with a 0.896% interest rate compounded monthly. How much money will she have in 3 
years? 

Solution:  Substitute known values into the equation A = P (1 + 
𝑟

𝑛
 )nt and solve 

A = 1000 (1 + 
0.00896

12
 )12*3 = 1000 (1 + 

0.00896

12
 )36 = 1027.23 

Cyndi will have $1027.23 after 3 years. 
 
Continuous Interest:  There is another interest formula where the interest is assessed continuously.  The 
formula is A = Pert. It uses the same P, r, and t from the other interest formulas but it also utilizes the Euler 
constant e. Similar to pi, e is an irrational number. It is defined to be e = 2.718281828.  It is also called the 
natural base.  ex can be found on most calculators, so just plug in to calculate.   
 
Example:  Eva invested $750 in a savings account with an interest rate of 1.2% that is compounded 
continuously. How much money will be in the account after 7 years? 
Solution:  Substitute known values into the equation A = Pert and solve 
A = 750e0.012*7 = 750e0.084 = 815.72 
Eva will have $815.72 after 7 years. 
 



6 

Math 3 VM Part 6 Writing & Solving Equations  April 26, 2017 

EXPONENTIAL GROWTH AND DECAY  
Money is not the only real world phenomenon that can be modeled with an exponential function. Other 
phenomena such as populations, bacteria, radioactive substances, electricity, and temperatures can be 
modeled by exponential functions.  
 
Exponential Growth:  A quantity that grows by a fixed percent at 
regular intervals is said to have exponential growth. The formula for 
uninhibited growth is A(t) = A0ekt, where A0 is the original amount, t 
is the time and k is the growth constant. This formula is similar to the 
continuous interest formula A = Pert.  Both formulas are continuously 
growing or growing without any constraints. 

 
Example: A colony of bacteria that grows according to the law of uninhibited growth is modeled by the 
function:  A(t) = 100e0.045t, where A is measured in grams and t is measured in days.  
(a) Determine the initial amount of bacteria.  
(b) What is the growth constant of the bacteria?  
(c) What is the population after 7 days?  
Solution:   
(a) A0 is the initial amount and in the equation A0 =100 , therefore the initial amount is 100 grams. 
(b) k is the growth constant and in the equation k = 0.045 , therefore the growth rate is 0.045/day. 
(c) Substitute 7 in for time, t, then evaluate.  
A(7) = 100e0.045(7) = 137.026    After 7 days, there will be 137.026 grams of bacteria. 
 
Exponential Decay:  A quantity that decreases by a fixed percent at regular intervals is said to have 
exponential decay. The formula for uninhibited decay is A(t) = A0ekt, k = < where A0 is the original amount, t is 
the time and k is the constant rate of decay.  
 
The decay formula is the same as the growth formula. The only difference is that when k > 0 the amount 
increases over time making the function have exponential growth and when k < 0 the amount decreases over 
time making the function have exponential decay. 
 
Example:  A dinosaur skeleton was found in Vernal, Utah. Scientists can use the equation A(t) = 1100e-0.000124t, 
where A is measured in kilograms and t is measured in years, to determine the amount of carbon remaining in 
the dinosaur. This in turn helps to determine the age of the dinosaur bones.  
(a) Determine the initial amount of carbon in the dinosaur bones.  
(b) What is the growth constant of the carbon?  
(c) How much carbon is left after 5,600 years? 
Solution:  
(a) A0 is the initial amount and in the equation A0 =1,100, therefore the initial amount is 1,100 kilograms. 
(b) k is the growth constant and in the equation k = −0.000124 . Since k is negative, therefore the carbon is 
decaying at a rate 0.000124/year. 
(c) Substitute 5600 in for time, t, then evaluate.  
A(5600) = 1100e-0.000124(5600) = 549.311    After 5600 years, there will be 549.311 kilograms of carbon remaining.  
 
Exponential Growth and Decay with Growth Factor:  Exponential growth and decay can also be a function of 
the form:  A(t) = A0bt = A0(1 + r)t 

where A0 is the initial amount, b = 1 + r is the growth factor, and A0 ≠ 0 , b > 0 , and b ≠ 1. 
If r < 0, is exponential decay  If r > 0, is exponential growth 
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Example:  A culture of bacteria obeys the law of uninhibited growth. Initially there were 500 bacteria present. After 1 
hour there are 800 bacteria.  
a. Identify the growth rate.  
b. Write an equation to model the growth of the bacteria  
c. How many bacteria will be present after 5 hours? 
Solution: 

a. Find the common ratio. 
𝑎𝑛+1

𝑎𝑛
 = 

800

500
= 1.6   Rewrite b in the form of 1+ r. b = 1.6 = 1 + 0.6  

Identify the growth rate. r = 0.6 = 60%   The bacterial is increasing at a rate of 60% each hour. 
b. Since A(t) = A0bt = 500(1.6)t   
c. Substitute t = 5 into the equation and evaluate.  
A(t) = 500(1.6)5 = 5242.88    There are 5,242 bacteria present after 5 hours. 

 
Sample Questions: 

13. Bobbi is investing $10,000 in a money market account that pays 5.5% interest quarterly. How much 
money will she have after 5 years?  

 
 

14. Analeigh is given the option of investing $12,000 for 3 years at 7% compounded monthly or at 6.85% 
compounded continuously. Which option should she choose and why?  

 
 

15. Jace invested $12,000 in a 3-year Dream CD with interest compounded annually. At the end of the 3 
years, his CD is worth $12,450. What was the interest rate for the CD?  
 

 

16. Lindsey needs to have $10,000 for the first semester of college. How much does she have to invest in 
an account that carries an 8.5% interest rate compounded monthly in order to reach her goal in 4 
years?  

 
 

17. India is one of the fastest growing countries in the world. A(t) = 574e0.026t describes the population of 
India in millions t years after 1974.  

a. What was the population in 1974?  
b. Find the growth constant.  
c. What will the population be in 2030?  

 
18. A bird species is in danger of extinction. Last year there were 1,400 birds and today only 1,308 of the 

birds are alive.  
a. Identify the growth rate.  
b. Write an equation to model the population.  
c. If this trend continues, what will the population be in 10 years?  

 
 

19. In 2003 the population of Nigeria was 124,009,000. It has a growth rate of 3.1%.  
d. Write an equation to model the population growth since 2003.  
e. If this trend continues, what will the population be in 2050?  
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Math 3 Level 
WRITING AND SOLVING EQUATIONS IN ONE VARIABLE 
When solving contextual type problems, it is important to:  

• Identify what you know.  
• Determine what you are trying to find.  
• Draw a picture to help you visualize the situation when possible. Remember to label all parts of your 
drawing.  
• Use familiar formulas to help you write equations.  
• Check your answer for reasonableness and accuracy.  
• Make sure you answered the entire question.  
• Use appropriate units. 

 
Example:  You want to create a custom border for a picture of you and your closest friends. The picture 
measures 5 inches by 7 inches. What should the width of the border be if the final area, including the border, 
is twice the area of the picture? 
Solution:   
 
 
 
 
 
 
 
 
Example:  The height of a plastic rectangular prism storage container is 4 inches shorter than the width. The 
length is 7 inches longer than the width. The volume of the storage container is 5304 square inches. What are 
the dimensions of the container? 
Solution: 

 
 
WORK PROBLEMS  

The equation 
𝑡

𝑎
 + 

𝑡

𝑏
 = 1, where a is the amount of time for A to complete the work alone, b is the amount of 

time for B to complete the work alone, and t is the amount of time needed for A and B to complete the work 
together, can be used to find the amount of time required for work to be done. 
 
Example: Britton can refinish the floor in 9 hours. Britton and Jason can refinish the floor together in 4 hours. 
How long would it take Jason to finish the floors himself? 
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Solution: 

 
 
Example:  A tugboat goes 12 mph in still water. It travels 45 miles upstream and 45 miles back in 8 hours. 
What is the speed of the current? 
Solution: 

 
 
Sample Questions: 

20. An open box is made from a rectangular piece of cardboard measuring 12 inches by 16 inches by 
cutting identical squares from the corners and turning up the sides. What are the lengths of the sides 
of the removed squares if the area of the bottom of the open box is 60 square inches? 
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21. A family had three children and were expecting a fourth. The oldest was 3 years older than the 
youngest. The youngest was one year younger than the middle child. How old was each of the children 
on the day their new sibling was born if the product of their ages was 987 more than three times the 
sum of their ages. 

 
 
 
 
 

22. The width of a box is two inches less than twice the height. The length is 4 inches less than three times 
the height. The volume is 2240 cubic inches. What are the dimensions of the box? 

 
 
 
 
 
 

23. Suzie can run 2.5 miles per hour faster than Jeff. In the time that it takes Suzie to run 6 miles, Jeff runs 
4 miles. Find the speed of each runner. 

 
 
 
 
 

24. Eva and Emily can clean the entire house in 4 hours. Eva can do it by herself in 6 hours. How long 
would it take Emily to do it by herself? 

 
 
 
 
 

25. The velocity of water flow, in feet per second, from a fire hose nozzle is given by v(p) =12.1 √𝑝, where 

p is the nozzle pressure, in pounds per square inch (psi). Find the nozzle pressure if the water flow 
velocity is 110 feet per second. (Source: Houston Fire Department Continuing Education). 

 
 
 
 
 

26. The frequency, in hertz, of a violin string can be modeled by the equation f(t) = 49.1 √𝑡, where t is the 
tension in newtons. What is the amount of tension applied if the frequency of the violin string is 278 
hertz? 
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Answer Key 
1. $9,261 
2. C 
3. 88 kg*m/s2 

4. N + 8 = 62 
5. 52 
6. 3x – 4 
7. B 
8. A 
9. D 
10. 52 students  
11. 22 comic books  
12. 6 hours  
13. $13,140.67  
14. Analeigh should choose the compounded monthly because after 3 years it is $14,795.11 while the 

continuous is $14,737.67. 
15. 1.23%  
16. $7,126.24  
17. a. 574,000,000 people b. 0.026 people/year c. 2,461,754,033 people  
18. a. decrease 6.57% b. B(t) = 1400(0.934)t  c. 707 or 708 birds   
19. a. P(t) = 124,009,000(1.031)t  b. 497,511,091 people  
20. 3 inches 
21. Youngest: 9, middle: 10, oldest: 12 
22. Height = 8 inches, Width = 14 inches, Length = 20 inches 
23. Susie runs 7.5 mi/hr and Jeff runs 5 mi/hr 
24. 12 hours 
25. 82.645 psi 
26. 32 newtons 

 
 
 
 


