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Introduction 
 

Contextualized Intermediate Algebra Labs were created as part of an NSF grant 
(InnovATE), in an effort to bridge the gap between math and science classes, and to give those 
students interested in pursuing a career in STEM fields, especially Electrical Power Technology 
and Engineering Technology, a strong foundation. 

By contextualizing the curriculum, we want students to discover the meaning in the 
mathematical formulas, and to go beyond abstract concepts, usually represented in terms of x’s 
and y’s in a typical math class.  All the labs presented in this series have been created with the 
goal of making the subject interesting and relevant to the students.  We want students to view 
math not as an obstacle on the way of obtaining a STEM career, but as a powerful tool that can 
help them understand complex situations and provide solutions. 

Examples were selected from electronics and green energy, whenever possible. As 
students are working on these labs, it is our goal that they will also be introduced to basic 
electronics concepts such as Ohm’s Law, Watt’s Law and Kirchhoff’s laws.  Also, by selecting 
problems involving CO2 emissions and carbon footprint, solar panels, hybrid cars, we aimed to 
increase students’ awareness of green technologies and environmental consciousness.  There 
are also examples from business (break-even analysis) and various other fields, such as 
determining the speed of a vehicle based on the skidding distance.  For each math topic, there 
are several in-depth examples, and the instructor can choose some of those as a classroom 
activity and others for assessment tools.   

The unit on scientific notation is longer than the rest of the labs, and consists of a self-
contained lesson and applications.  Through discussions with the EPT faculty, scientific notation 
was identified as an essential skill students need to have, yet very little time is spent on this 
topic in a typical Intermediate Algebra curriculum.  It is recommended that an entire class/lab, 
typically lasting 105 minutes, be devoted to that lesson.   

The remaining labs contain a multitude of examples:  Each those examples can be used 
independently, and will take anywhere from 30 to 45 minutes to complete.  Ideally, teams of 2-
4 students will work on these activities collaboratively, with the instructor providing hints as 
needed.   

The first class using these contextualized labs will be offered at Palm Beach State 
College during Summer, 2016. We envision that students who go through this enriched 
curriculum will have an easier time making the transition from math to science/engineering 
courses, and they will develop an appreciation for the power of math in solving everyday 
problems. 
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Lab #1: Interpreting Graphs and Slope in Context 
Objectives:    
When you have completed this lab, you should be able to: 

1. Interpret the meaning of slope as a rate of change, in a variety of situations. 
2. Find the equation of a line in a variety of situations, and use the equation of the line to 

make simple predictions. 
3. Gain familiarity with Ohm’s law and understand how current, voltage and resistance are 

related in a simple electrical circuit. 

Reminders: Slope formula 2 1

2 1

y y y
x x x

∆ −
=

∆ −
  (change in y over change in x) 

 Meaning: Slope gives us the rate of change of y per unit change in x. 

Lab 1-A: Ohm’s Law 
The following graph was created by students taking an electronics lab class.  They varied the 
voltage in a simple circuit with one fixed resistor, to see how the current would be impacted.   
Fill in the given table based on the graph given below, and answer the following questions. 

 

 

 

 

 

 

 

 

a) What is the slope of this graph? Pick any two points on the graph to answer this question.  

 

 

 

 

         Slope= __________ 

 

Voltage (V) 
in volts 

Current (I) 
 in amperes 

3  
6  
9  
12  
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b) What does slope represent for this graph?  As you are interpreting the slope, remember that 
y is current and x is voltage.  You will also need to refer to Ohm’s law: 
 
 V = I*R   or     I = V/R   or I = (1/R)*V 

Interpreting the meaning of slope using Ohm’s law: Since ‘I’ represents y and ‘V’ represents x, 

slope is ....
....

y
x

∆ ∆
=

∆ ∆
 ___________  And the meaning of this quantity based on Ohm’s law is 

___________________________ (you will need to manipulate the equation a bit to get this.)  
 

c) Use your answer from above to determine the value of the resistor in this circuit.  Note: 
when current is measured in amperes and the voltage in volts, the resistance will automatically 
be in ohms (Ω ). 
 
 
 
 
 

 
d) Find the equation of the given line using y = mx +b form.  Note that b=0 for this equation. 
(Why?) Use this equation predict the current, when voltage equals 26V.  

 
 
 
 
 
 

e) Use the equation obtained above, to predict the voltage when current equals 2.3 A. 
 
 
 
 

f) For every unit increase in voltage, we can expect the current to increase by ____________ 
 

 
 
 
 
 
Link for further information on this topic: 
http://www.physicsclassroom.com/class/circuits/Lesson-3/Ohm-s-Law  
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Lab 1-B: Carbon Dioxide Emissions of Countries Around the World 
a) Using the links provided below and possibly exploring some other sources, write a  
paragraph discussing significance of CO2 emissions for the environment.  Make sure to include 
the causes of CO2 emissions, and why rising  CO2 emissions around the world is a problem. 
http://climate.nasa.gov/vital-signs/carbon-dioxide/     
http://www.epa.gov/climatechange/ghgemissions/gases/co2.html  

 

 

 

 

 

b) Use the given graph to fill in the given table, and 
to determine the rate of change of atmospheric CO2 
per year over the given time period. Answers may 
vary slightly. (Reminder: slope = rate of change) 

 

 

 

 

 

 

b)If the same trend as the one observed above  continues over the next five years, estimate 
the CO2 levels  in the year 2020.  Hint: Use the fact that CO2 levels in 2015 is 400 ppm, and 
the fact that it is rising a rate of  ………… per year, as obtained above. 

 

 

c) Take a look at the graph given at the top of the next page. Which country had the highest 
CO2 emissions prior to 2005? ______________   Which country had the highest CO2 emissions 
after 2005?  _________________ 

 

 

Year CO2(ppm) 
2011  
2013  
2015  

Source: • http://climate.nasa.gov/vital- 1 
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d) Which country appears to have the highest rate of increase in CO2 emissions after 2006? 
______________  What is the approximate rate of increase over 2005-2012 for that country? 

 

 

 

e) Write a sentence about countries that have a positive slope, negative slope and 0 slope in 
the given graph (after 2006). Explain what each of those quantities mean in this context. 

 

 

 

 

 

f) What was the rate of change of CO2 emissions for USA during 2006 – 2012? 

 

 

g)  How are the words ‘slope of the graph’ (for a given country) and the rate of change of CO2 
per year related? 
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h) Which of the following is the worse  in your opinion (in terms of harm caused to planet earth 
over long term) – explain your reasoning: 

A country with high CO2 levels currently, and a negative rate of change 

A country with low CO2 levels currently, and a positive rate of change 

A country with high CO2 levels currently, and a 0 slope.  

 

 

 

 

i) Take a look at the graph on the right.   
Notice that China has a relatively small bar in 
this graph.  How can we explain this, since 
the previous graph showed China as the 
highest CO2 emitting country?    (Hint: read 
the labels for the x and y-axes carefully.)                                                    

 

 

 

 

 

 

 

 

 

 

Sources for further exploration on this topic: 
http://www.epa.gov/climatechange/Downloads/wycd/Climate_Basics.pdf 
http://www.epa.gov/climatechange/wycd/   
http://www2.epa.gov/learn-issues/learn-about-greener-living   
http://www3.epa.gov/carbon-footprint-calculator/  
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Lab 1-C: Height of a Candle 
The height of a candle, ‘t’ minutes after it starts burning is given by the 
equation h=18 - .5t inches. 

a) What is the height of the candle initially (when t=0)?  

 

b) What is the height of the candle 3 minutes after it starts 
burning? 

 

c) In general we can say that, for every minute passes, the height of the the candle is 
decreased by …….. inches. 

 

d) Write the given equation for the height of a candle in y = mx+b form and then identify 
which variable represents x, and which variable represents y for this problem.  Also indicate 
what the slope is and its meaning for this problem. 

 

 

 e) Fill out the given table and graph the given equation.  Make sure to label the x and y axis 
with what they represent for this problem.  Before even making a formal graph, take a guess as 
to how the graph will look like, because it has a negative slope. 

 

 

f) When is the candle expected to burn out completely? First solve an appropriate equation, 
then verify the answer through looking at the graph. 

t 
(min) 

h 
(inches) 

0  
6  
12  

Source: http://www.wri.org/blog/2014/11/6-
graphs-explain-world%E2%80%99s-top-10-emitters 

 

Rough guess:
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g) For this problem, the slope was negative.  This means that as t increases, h is expected to 
_________________(increase or decrease). 
 
 
 
 
h) If a manufacturer of candles wants to create a slower burning 18-inch candle (one that will 
last longer) what slope should they aim for?  Suggest a value for the slope, and then solve an 
equation that shows how long this newly designed candle will last. 

 

 

 

 

i) Domain of a function is the set of all ‘x’ values for which the function makes sense or is well- 
defined. The range of a function is the set of all ‘y’ values for which the function makes sense 
or is well-defined.  What is the domain and range for the function introduced at the beginning 
of the problem? 

Domain: _____________  Explanation:______________________________________________ 

_____________________________________________________________________________ 

_____________________________________________________________________________ 

 

Range: _____________   Explanation:______________________________________________ 

_____________________________________________________________________________ 
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Lab 1-D: Business Profits 
The following graph represents Paula’s profits as a function of number of items sold.  To start 
the business,  she purchased $180 worth of materials,  enough to make 60 solar lamps, and 
intends to sell each finished lamp at $12.  

a) Label the x and y-axis of the given graph.  For this question, x represents:__________ and 
y represents: _____________. 
 

b) What is the slope for this graph, and what does it represent? 
 
 
 

c) What is the y-intercept of the graph, and what does it represent ? 

 

 

d) What is the x-intercept and what does it represent? 
 
 

 

e) Based on the graph, how many items need to be sold for her to make a $240 profit? 

 

f) Write an equation for the for the given line, using 
y=mx+b form.  For profits, use P and for number 
of items sold use n.  So, the final answer should 
give P in terms of n (as opposed to y in terms of 
x.) 

 

 

 

 

 

 
 

g) Use the equation determined above to determine Paula’s profit, assuming that she sells all 
60 lamps that she has made. 
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h) Check the answer obtained in part (e), this time using the equation obtained in (f).  Once 
again, the question was: How many items need to be sold to make a profit of $240?  
 
 
 
 
 
 

i) Circle the correct choices:  For this problem, since slope was (positive or negative), as one 
variable(n) increases, the other variable (P) (also increases or decreases).  The rate at which 
profit increases for each additional item sold is _________, which represents the _________ of 
the equation. 
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Lab #2 - Applications of Linear Equations, Function Notation, 
Domain and Range 
Objectives: 
When you have completed this lesson, you should be able to: 

1. Solve a variety of application problems involving linear equations. 
2. Understand function notation, and evaluate a function at a given point. 
3. Be able to determine the domain and range of a function in a variety of applications. 
4. Be able to perform a cost-benefit analysis for scenarios involving renewable energy, 

using linear equations. 
5. Understand the meaning of the intersection point of two lines, the x-intercept and the t-

y-intercept. 
 

Lab 2-A: Incandescent vs. LED Light Bulbs 
 

1) Karen is trying to decide whether she should buy an incandescent light bulb 
or an energy efficient LED light bulb. An incandescent light bulb costs $1.50 
and $0.05 per KWh. An LED light bulb costs $12 and $0.002 per KWh.  
 

a) Write a linear equation that represents the cost (C) of the incandescent bulb 
as a function of number of hours of usage (t). 

 
 
 
b) Write a linear equation that represents the cost of the LED bulb as a function of number of 

hours of usage (t). 
 
 
 
c) Below are two graphs that represent the equations obtained in parts a and b.  Figure out 

which should be labeled as option (a) and which should be labeled as option (b).  Explain 
your reasoning. Also indicate what the x axis and the y axis represent for this graph, and 
label the graphs accordingly. 
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d) Set the two equations obtained in (a) and (b) equal and solve for x.  What does x represent 
in this case?  Label this point on the given graph.  Use the answer found here to explain 
which option is a better buy and why. 
 

 
 
 
 
 
 
 
 
 
e) Assuming that Karen uses a light bulb for 1,000 hours, how much would she save with the 

LED bulb over the incandescent bulb? 
 
 
 
 
 
 
 
f) What would Karen’s savings be over the course of one year, for purchasing and using LED 

over incandescent bulbs for 8 of the lamps in her house.  She uses each of those bulbs for 
about 4 hours per day.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Additional exploration on energy efficient bulbs:  
http://www.energystar.gov/products/certified-products/detail/light-bulbs  
 
 
 
 
 
 
 

                        Intermediate Algebra Contextualized Labs – InnovATE                                                         16                                          
 

http://www.energystar.gov/products/certified-products/detail/light-bulbs


 
Lab 2-B: Purchasing Solar Panels: How long does it take to recoup the cost of 
a solar panel system? 
 

 Best Solar Inc. installs solar panels that can generate 300 kWh of electricity per month.  The 
cost of installation plus materials is $9,200, but currently there is a $5,000 government rebate 
towards the cost of purchasing solar panels. Given that one of their customers, Kyle, uses 450 
kWh of electricity per month, and the local utility company charges $ .18 per kWh, answer the 
following questions: 

a) Let ‘n’ represent the number of months of service.  Find a linear function C(n) that models 
Kyle’s total cost of electricity for ‘n’ months of service, prior to purchasing the solar panel 
system. 

  Kyle’s electricity cost per month: ………………………….. 

 Kyle’s electricity cost for n months: C(n) = …………….. 

b) Find the value of C(12) and explain what it represents. 

  C(12) =      Interpretation: 

c) Now, update the cost function, for Kyle’s cost of electricity for ‘n’ months of service, after the 
panels have been purchased and installed.  For this question, remember to factor in the net 
cost of the panels. Also, you can assume that the entire amount was paid up front. (Hint: the 
total cost consists of a fixed cost plus a variable cost of $.18 per kwh for electricity not 
produced by the solar panels.) 

  

 

d) How many months will it take for the total cost with and without panels to even out? In    
other words, find the break-even point.  

 

 

e) Once the break-even point has been reached and the solar panels have been paid off 
through energy savings obtained from the panels, how much can Kyle expect to save in a year 
by using the solar panels? 

 

f) Assuming the cost of electricity has risen to $.38 by then, how much would be the savings 
per year? 
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Lab 2-C: Financial Analysis of Renting Solar Panels  
Sarah recently installed a solar panel system in her home. She pays 
a fixed monthly rate of $60 for her solar panel system. Her typical 
monthly electricity usage is around 900 kwh.  The cost of electricity 
in Hawaii, where Sarah lives, is  $0.30 per kwh.  
  
a) What was her typical monthly bill prior to the installment of the 

solar panels? 
 
 
 
 

b) Sarah’s solar panels can produce an average of 575 kwh per month.  What will be her 
monthly electricity bill after installing the panels?  Make sure to factor in the monthly cost of 
renting the panels.   
 
 
 
 
 
Using your answer from (a) and (b) to figure out how much can Sarah can expect to save 
per month on her electricity bill, as a result of installing the panels?  

 
 
 
       
c) Write an equation for Sarah’s monthly electricity bill, B, (including the cost of solar panels), 

as a function of m, her monthly electricity consumption. Once again, you can assume that 
the panels generate an average of 575 kw-hours,  the cost of panels is a fixed $60 per 
month, and the cost of electricity in her town is $.30 per kwh.[Hint: For this question, it 
might help to first solve the problem for a specific m value, say m=900kwh. i.e. figure out 
what the cost will be when usage= 900 kwh, and from there, write the general equation by 
replacing 900 by m.)  You can assume that the monthly usage is more than 575 kwh. 
 
 
 
 
 
 
 
 

d) Use the equation obtained above to determine m, Sarah’s monthly electricity consumption 
in kwh, if she is trying to keep her total electricity bill under $150.  [You can set this 
problem up as an inequality. Or first find the value of m so that total cost equals $150, and 
then interpret the result.] 
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If Sarah uses less than _________ kwh, her monthly bill will be less than ____________. 
 
e) For every unused kilowatt-hour of electricity that the solar panels produce, the electric 

company subtracts $0.24 per kilowatt-hour off Sarah’s monthly bill. During the month of 
April, Sarah’s panels produced a total of 975 kwh.  Assuming that she only used 900 kwh of 
that and sold the excess to the electric company, what was her total electricity bill for that 
month? (Again, make sure to take the cost of renting the panels into consideration for the 
final answer.) 

    
 

 
        

 

f) Write and solve an appropriate equation to determine the number of kwh of electricity (x) 
her panels should generate, in order for her electric bill (including the cost of the panels) to 
be 0. Recall that an amount more than 900 kwh can be sold to the electric company at the 
rate of $.24, which can be used to cover the cost of the panels. (For this question, you can 
assume that the panels will indeed generate more than 900 kwh and that her monthly 
usage is 900kwh.) 

 

 

 

 

 

 

 

If the solar panel system can produce __________kwh, Sarah’s total electric bill (including the 
cost of solar panels) will be ___________. 

Additional links for exploration: 

http://www.eia.gov/electricity/state/   

http://www.benefits-of-recycling.com/advantagesofsolarenergy/  

Problem inspiration from 
https://www.purdue.edu/discoverypark/energy/energyacademy/docs/Lesson_plans/So-
Comparing%20the%20Usage%20Cost%20of%20EV%20vs%20Internal%20Conbustion%20Vehicles.pdf  
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Lab 2-D: Are Hybrid Cars Really Worth all the Hype? 
Can we save money with a hybrid car, even though it costs more to purchase one initially? For 
the purpose of this problem, we will use data on Toyota Prius (a hybrid car) and Toyota Camry.  
The MSRP for a 2015 Prius is $25,025 and for a Camry it is $23,795.  The hybrid is price $1,230 
more expensive to purchase initially.  The average gas mileage for the Prius is 50 mpg and it is 
27mpg for the Camry.  So, while the Prius costs more initially, it will cost less in the long run, 
due to the lower gas mileage. The question is  “After how many miles driven, does the cost of 
owning a Prius catch up with the Camry?” In other words, what is the break-even point (in 
terms of number of miles driven), after which point the Prius will be cheaper to own/operate? 

a) First, you will calculate the fuel cost per mile, for each car.  Once again, assume Prius 
gets a gas mileage of 50 mpg and Camry gets 27 mpg (these are average values for city/Hwy, 
assuming a 75% city usage.) Assuming that cost of gas is $2.81: 

Cost per mile for Prius:  $2.81 1 2.81 $
50 50
gallon

gallon miles mi
   =  

  
 Notice that the gallons cancelled. 

Obtain the answer in decimal form, do not round the answer, use all the decimals given in the 
calculator.  The cost per mile for the Prius is ______________ 

Similarly, evaluate cost per mile for the Camry: 

Cost per mile for Camry:  
......... ......... ........... $
.......... ......... .......... mile
   =  
  

    

The cost per mile for the Camry is, rounded to three decimal places: ____________ 

 

b) Using the cost per mile values obtained above, determine a linear equation that represents 
the total cost of owning and operating the vehicle for x miles.  Recall that the total cost consists 
of the initial cost of purchasing the car and the total fuel cost for driving the vehicle for x miles. 

Cost equation for the Prius: 1( )C x =  _________________________ 

Cost equation for the Camry: 2 ( )C x = ________________________ 

Use the equations obtained above to determine the total cost of purchasing and operating 
either car for a total of 5,000 miles. Which one seems to be cheaper? 
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c) At how many miles does the total cost (purchase + fuel) of the two cars equal?  This is the 
break-even point. Set the above equations obtained in (b) equal and solve for x. 

 

 

 

 

d) Assuming that the average driver drives 12,000 miles per year, and using the result from the 
above question, determine how many years it would take to recoup the additional cost of 
buying the hybrid? 

 

Show all work, then check your answer with the calculator provided in this link: 
http://www.fueleconomy.gov/feg/hybridCompare.jsp   

In the above link, select Toyota Prius two, then click on personalize to enter the gas price as 
$2.81, and enter 12,000 for miles per year. Do not change the city/hwy percentage values. 

e) Graph the equations obtained in part b using desmos.com or a graphing calculator.  Be 
careful to adjust the window so you can view both lines.  Then copy the graph in the space 
provided below.  Make sure to label the x and y-axis with whatever quantities they represent.  
What do the y-intercepts of these lines represent?   
What is the slope of each line and what do they represent?  
What does the intersection point of these two graphs represent?   

 
 
 
 
 
 
 
 
 
 
 
 
 
f) Ignoring the initial cost of buying these cars, determine the yearly fuel cost for each car 
(assume 12,000 miles driven per year.) How much will the owner of the hybrid save over the 
regular car, in one year?  This is how much the gains will be, once the price difference has been 
recouped. Hint: Use  (cost per mile) * 12,000 miles  
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Yearly fuel cost for the Prius: 

Yearly fuel cost for the Camry: 

Difference in the yearly fuel costs: 
 

f) For this part of the question, assume that price of gas has increased to $4 per gallon.  How 
would the total savings per year change? Basically, you need to solve the same problem as in 
(e), but this time use $4 for the price of gas and figure out cost per mile etc.   

Cost per mile for Prius: (check with part a, use $4 instead):  

Cost per mile for Camry: (check with part a, use $4 instead): 

Yearly fuel cost for Prius: 

Yearly fuel cost for Camry: 

Difference in the yearly fuel cost: 

 

You can also check the answer using the link given previously, and entering $4 for cost of fuel. 

g) In Italy gasoline costs $1.62/liter.  Given that one gallon equals 3.785 liters, answer the 
following questions: 
Price of gas in Italy, in dollars per gallon:   

1.62 ($) ....lt ($)..........
1 lt ......gal gal

  
=  

  
 

 
Total savings in one year for driving the Prius vs Camry (again assume 12,000 miles per year): 

 

( )....... ....... 12,000
...... ......

 − = 
 

 

Where the first fraction should be cost per mile for Camry, and the second one cost per mile for 
Prius. 

 
h) What percent is the increase in the price of gas from $2.80 to $4?  What percent is the 
difference in overall savings when the gas price was increased from $2.80 to $4?  

final - initial % change 100
initial

= × = 
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i) Based on our observation from (h) above, if the cost of gas increases by 30%, we would 
expect the yearly savings to increase by ……% 

 

 

j) Create a formula using the given variables, create a formula that will give the yearly fuel price 
difference for two cars being compared.  Assume:  S: difference in yearly fuel cost  

 p: for the price of gas   gm1: gas mileage of the non-hybrid car       

M: miles driven per year gm2: gas mileage of the hybrid  

 

 

 

Use the formula obtained above to find how much money would be saved in one year for 
driving a hybrid that gets 54mpg vs a regular car that gets 22 mpg, if the cost of fuel is 3.05 
and the total miles driven per year is 15,000. 

 
 
 

k) (Extra Credit) Now assume that the price of gas increases by 8% per year and the owner 
of the hybrid will keep the car for a total of 10 years, driving 12,000 miles per year. Create a 
spreadsheet where the first column shows the price of gas for all 10 years, starting with $2.80 
and increasing by 8% per year. For each of those years, calculate the cost savings for driving 
the Prius over the Camry.  Then add up all the savings and subtract the initial price difference 
between the two cars.  What is the net savings of driving the Prius over the Camry over this 
time frame? 

Your spreadsheet should have four columns.  The first one shows the price of gas for each of 
the 10 years, the second one shows yearly fuel costs for the Prius, the third is the yearly fuel 
cost for the Camry, the last one shows the difference in the fuel prices for each year.  At the 
end, add the last column and subtract $1230. 

Part 2: Create a modified version of this spreadsheet, where the user simply inputs the value of 
price of gas per gallon, gas mileage for both cars, total usage (miles) per year, initial cost of 
each car, and the spreadsheet automatically shows the savings once those values have been 
entered. 
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Lab 2-E: Hybrid versus regular car:  Cost/benefit analysis for a car of your 
             choice    
Start by visiting  http://www.fueleconomy.gov/feg/hybridCompare.jsp (*) and selecting any 
type of hybrid car from the drop down list.  Then, from the ‘personalize’ button, make any 
changes you like for the price of gas, the number of miles driven per year, percentage of miles 
driven in the city. Do not choose Prius so that you have a brand new example.  Then, use a 
technique similar to the one presented in Lab 2-D to determine: 

a) cost per mile of each vehicle (a hybrid and a comparable non-hybrid model) 

 

 

 

b) cost equations for both cars and the break-even point. 

 

 

 

 

 

c) number of years it takes to recoup the higher price of the hybrid. 

 

 

 

 

d) total fuel savings per year of the hybrid over the regular car, once the price difference in the 
initial cost difference has been recouped. 

 

 

Now check your answer using the calculator provided in the given link above. 

 

(*)Direct link: www.fueleconomy.gov, then under the Hybrids and Electrics, select hybrid, then 
on the right side, choose “can a hybrid save me money” link. 
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Lab #3:  An Application of Systems of Linear Equations:  
Kirchhoff’s Laws 
 
Objectives: 
When you have completed this lesson, you should be able to: 

6. Develop familiarity with Kirchhoff’s Laws. 
7. Apply knowledge of solving systems of linear equations in the context of electrical 

circuits and Kirchhoff’s Laws. 

Lab 3-A: Introduction and Practice Problems 
Kirchhoff’s Laws 

1. Kirchhoff’s Current Law (KCL) (based on charge conservation): The sum of all the currents 
entering any node or branch point of a circuit (where two or more wires merge) must equal 
the sum of all currents leaving the node. 

2.  Kirchhoff’s Voltage Law (KVL) (based on conservation of energy): Around any closed loop 
in a circuit, the sum of all voltage gains provided by batteries or other power sources and all 
the potential drops across resistors and other circuit elements must equal 0. 

For each of the following problems, follow the indicated loop direction and use a ‘+’ prefix if you 
are traversing a resistor or voltage source from + to – direction, and use a ‘-‘ prefix if you are 
traversing from – to + direction.  For these questions, you will be given all the + and –‘s, 
including the direction of the loop.  In a physics or electronics class, you will learn how to place 
those yourself. 

For those who want to get ahead, here is some background information: 

 We are assuming that the flow of current is from the + side of the voltage source to the – side.  
And we are labeling the resistors as + or – based on whether the current is entering on that 
side (+) or the current is leaving at that side (–).  At a juncture point where the current must 
divide into different branches, remember that the sum of all currents going into the juncture 
point must equal the sum of all the currents going out of the juncture point.  

 And finally, the actual direction of the current and the direction we are traversing the loops do 
not always have to match.  Basically, to use KVL, we decide on a random direction for the loop, 
and as long as we are consistent, this will give us the same answer if we were to traverse the 
loop in the other direction.  Mathematically, one of those would give us an equation of the form 
x =5 and the other –x= -5, but as you can see, both of those will give the same solution. 

 

Let’s take a look at some examples.  First we will practice the KCL: 
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Practice Problem 1:  For the following diagram, determine the value of  I3 

 

 

 

 

 By KCL, sum of all the currents entering point P must equal the sum of all the currents leaving 
point P.  Therefore, I1 + I2 = I3, and I3 = 4 + 6 = 10 Amperes. 

Practice problem 2: For the following circuit, write down the equation implied by KCL at the 
point P.  Given that I1=8A and I2=2A, determine the value of I3. 

 

The current entering the point P is I1, the currents leaving the point P are I2 and I3, therefore:   

I1 = I2 + I3            8 = 2 + I3      I3=8-2=6 Amps. 

Next example will be on practicing KVL (Kirchhoff’s Voltage Law).  And once we are done with 
that example, we will be able to solve complete problems using both laws (KCL and KVL), which 
is the main goal for this unit. 

Practice Problem 3: 

a) Use KVL to write an equation in the following circuit.  Note that there is only one loop here, 
and the direction of traversing the loop has already been indicated. 

   Solution:  We will start at the point A and return to the point 
A.  V1 +V2 - VS =0 

(Notice that if we had traversed the loop in the opposite 
direction, starting at D and coming back to D, the equation 
would have been –V2 – V1+VS =0  And that is -1 times the 
previous equation; therefore,  the two equations are 
equivalent.) 
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We can also write this as: VS = V1 + V2 and one way to interpret this is: total voltage drop 
across the two resistors connected in series equals the total voltage of the source. 

 

b) Given that the voltage of the source is 9V and R1=8ohms, R2=10 ohms, rewrite the above 
equation (VS =V1+V2) in terms of I’s and R’s. You will need to use Ohm’s Law:  V=IR  

Solution:  

Given that VS=9V.  By Ohm’s law, V1= I1*R1=8* I1  and   V2= I2*R2=10* I2   

Therefore the equation VS =V1+V2  can be written as :  9=8I1 + 10I2 

Practice Problem 4 

Answer the following questions based on the given circuit. 

R1= 12 ohm, R2 = 4 ohm, R3 = 12 ohm, VS=12V 

 

 

 

 

 

 

 

a) Write the equation at the point B implied by KCL.  Note that a more detailed view of what is 
happening at the point B is given on the right side above. 
 
Currents going in:   I1                   Currents going out: I2  , I3 

Based on KCL, we can write:     I1 = I2 + I3    …………………(Equation 1)     

     

b) Apply KVL in the loop ABCD. Follow the given direction, as indicated with the arrow 
indicated within the loop.   
 V1 +V2 - VS =0 
 
c) Write the above equation in terms of the I*R for each of the V’s appearing in the equation: 
 I1*R1 + I2*R2 – 12 = 0  OR    12I1 + 4I2 – 12 = 0    OR   12I1 + 4I2 =  12 …… (Equation 2) 
 

d) Apply KVL in the loop BEFC. Follow the given direction, as indicated with the arrow indicated 
within the loop. 
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V3 - V2 =0 
 

e) Write the above equation in terms of I’s and R’s: 
I3*R3 - I2*R2=0   OR  12I3 - 4I2=0     …….. (Equation 3) 
 
f) Use equations  labeled (1), (2) and (3) obtained previously, to solve for the branch currents 
I1, I2, I3. 
   I1 = I2 + I3 ..........(eqn 1) 
12I1 + 4I2 =  12……..(eqn 2) 
 12I3 - 4I2=0  ……….(eqn 3) 
 
Use the value for I1 in the first equation and substitute that for I1 in the second eqn:   
12(I2 + I3) +4I2= 12      Next divide both sides by 4: 
3(I2 + I3) +I2= 3    Next, distribute the 3 and collect like terms: 
3I3 + 4I2 = 3     We will use this equation together with equation (3): 
12I3 - 4I2=0               Equation 3 from above 
 
Now use techniques you have learned in your algebra class to solve these two equations.[Hint: 
You can use substitution method by solving for I2 in the second equation, and substitute that 
in the first equation.  OR, just add the two equations to eliminate the I2 variable.] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Answers:  I3= .2A, I2 = .6A, I1 = .8A   (to get I1, we went back to equation 1, after I2 and I3 
were obtained.) 
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Lab 3-B: Practice Exercises Involving Various Circuits 
 

1)Determine the branch currents I1, I2, I3 using KCL and KVL.   It is given that R1= 10 ohms, 
R2 = 5 ohms, R3=5 ohms 

 
 
 
 
 
 
 
 
 
 
 

a) What is the equation obtained using KCL at point A? 

 

 

b) What is the voltage equation obtained using KVL in the first loop (on the left)?  Also, 
rewrite this in terms of I’s and R values. 

 
 
 

c) What is the voltage equation obtained using KVL in the second loop (on the left)?  Also, 
rewrite this in terms of I’s and R values. 
 
 
 

d) Use the equations obtained above to solve for the branch currents I1, I2, I3 
 
 
 
 
 
 
 
 
 
 

I1______  I2__________I3__________ 
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2)Determine the branch currents I1, I2, I3 using KCL and KVL.   
 
It is given that R1= 10 ohms, R2 = 5 ohms, R3=5 ohms. Please note that there are two voltage 
sources for this question.  When writing the KVL equation on the second loop, use the same 
idea as you have used in the first loop.   
 
 
 
 
 
 
 

a) Write the current equation using KCL at the point A. Note that the currents going in are I1 
and I3, and the current going out is I2. 

 
 
 

b) Write the voltage equation using KVL in the first loop; then rewrite this equation in terms of 
the I,R values.  Also leave the equation in the form where the variables are one side and the 
constant is on the other side. 

 

 

c) Do the same as (b), this time for the loop on the right side. 
 
 

 

d)Substitute the value for I2 obtained from part (a) in both of the equations obtained in (b) and 
(c).  Simplify those equations.  You should now have two equations with two unknowns.  Solve 
using elimination.  Then, obtain the value of I2 using the equation from (a). 

 
 
 
 
 
 
 
 
 
 

I1______  I2__________I3__________ 
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3) Determine the branch currents I1, I2, I3 using KCL and KVL.   
The resistance values are as indicated on the chart.  Follow same steps as the problem above 
to solve this problem. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I1______  I2__________I3__________ 
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Lab#4: Scientific Notation, Engineering Notation and Metric 
Prefixes 
 
Objectives: 
When you have completed this lesson, you should be able to: 

1. Write decimal numbers in scientific notation. 
2. Convert numbers given in scientific notation to decimal notation. 
3. Write decimal numbers in engineering notation. 
4. Convert between scientific notation and engineering notation. 
5. Perform multiplication and division of numbers in scientific/engineering notation. 
6. Application: Gain familiarity with the basic units used in electrical circuits including amps, 

volts, ohms and watts and write a given quantity in terms those units, using metric 
prefixes. (ex: 5.3x10-3 amps =5.3 milliamps (mA))  

7. Application: Gain familiarity with Ohm’s law, and use scientific/engineering notation to 
simplify answers using metric prefixes. 

8. Application: Gain familiarity with the color coding of resistor bands and use scientific 
notation to express the value of a given resistor. 
 

Lab 4-A: Scientific Notation: 
Scientists need to deal with very small or very large numbers on a regular basis.  For example, 
the speed of light is 30,000,000,000 cm/s.  The electrical charge of a single electron is 
.00000000000000000016 coulombs (C).  Instead of dealing with lots of zeros, it is much more 
convenient to use the scientific notation, which includes a number between 1 and 10, multiplied 
with a power of 10.  For example, the speed of light can be represented by 3 x 1010 cm/s and 
the charge for a single electron can be written as 1.6 x 10-19 C.   Very large numbers will have 
positive powers of 10, and very small numbers will have negative powers of 10. 

Let’s take a look at a few more examples.  In each of the following, the goal is to write the 
given number in scientific notation: 

78,000=  7.8 x 104 

123,000= 1.23 x 105 

1,254,000,000= 1.254 x 109 

.000045= 4.5 x 10-5  

.00066=6.6 x 10-4 

.0032=3.2 x 10-3 

You may have already observed some patterns in the examples given above.  Each of the 
numbers on the right side of the equal sign consisted of a prefix that is between 1 and 10 
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(always less than 10), multiplied by a power of 10.  Let’s summarize the general rules for 
writing a decimal number in scientific notation: 

a) To write numbers greater than one in scientific notation: 
 
Locate the decimal point in the given number.  If the given number is a whole number, place  
“ .0” at the end.  For example: 78,000 = 78,000.0 

Move the decimal point to the left until you obtain a number between 1 and 10. Since this took 
4 moves, the power of 10 will be 4.   

78,000.0 = 7.8 x 104 

It is always a good idea to check the answer.  Multiplying 7.8 by 104 means to move the 
decimal point 4 units to the right, and when we do that, we will get the original number back. 

b) To write numbers less than one, such as .000047, in scientific notation: 

Locate the decimal point in the number.  Move the decimal point to the right as many places as 
necessary to obtain a number between 1 and 10.   

.000047 = 4.7 x 10-5 

Since this took five moves, the power of 10 will be negative 5.  To check this answer, multiply  
4.7 by 10-5, which means move the decimal 5 places to the left, and this will give us the original 
number back.   

Practice Exercises:  

(The answers to the practice exercises are listed at the end of this module.) 

1) Write each of the given numbers in scientific notation: 
 

a) 35,400=_____________________________ 
 

b) 254,200=____________________________ 
 

c) 500,000,000=_________________________ 
 

d) 335=________________________________ 
 

e) 880,000=_____________________________ 
 

f) 132.4=_______________________________ 
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2) Write each of the following numbers in scientific notation: 
 
a) .0035 =______________________________ 

 
b)  .254  =______________________________ 
 
c) .000068 =_____________________________ 

 
d) .335 =________________________________ 

 
e) .00000882=___________________________ 

 
f) .0132 =_______________________________ 

 
3) Write the given numbers in decimal notation. 
Remember that when multiplying a number with 10 to a power,  if the power of 10 is positive, 
you will need to move the decimal to the right, if the power of 10 is negative, move the decimal 
to the left.: 

Example:  5.4 x 102=540,         8.44 x 10-3= .00844 
 

a) 2.25 x 103=___________________ 
 

b) 425 x 10-3=____________________ 
 

c) 5,224.5 x 10-2=_________________ 
 

d) .234 x 10-3=____________________ 
 

e) 5,525.2 x 105=__________________ 
 

 

Lab 4-B: Engineering Notation: 
Engineering notation uses specific powers of 10, mainly powers that are multiples of 3:   
powers such as   -12, -9, -6, -3, 0, 3, 6, 9, 12 etc.  For example, to write 35,000 in engineering 
notation, we will write 35 x 103.  In scientific notation, the same number could be written as: 
3.5 x 104.  In scientific notation, the prefix – that is the number that precedes the power of 10 
– is always between 1 and 10, whereas in engineering notation, the prefix can be between 1 
and 999.  Basically, when using engineering notation, the prefix can have one to three digits 
prior to the decimal point. 

When writing a given number in engineering notation, move the decimal in groups of three, 
until you have a number between 1 and 999.  The advantage of writing numbers in engineering 
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notation is that metric prefixes can easily be used.  For example 103 is kilo, and 255 x 103 
grams can be written as 255 kilograms.  (More examples of that type will be covered on the 
next page.) 

Examples: Write each of the following in engineering notation: 

255,000 = 255 x 103 

12,500 = 12.5 x 103 

1244 = 1.244 x 103 

544,000,000= 544 x 106 

.1225 = 122.5 x 10-3 

.000144 = 144 x 10-6 

54,000 = 54 x 103 

Always check the reasonableness of your answer: If you started with a number less than one 
expect a negative exponent of 10 in the answer; if the original number was a large number with 
lots of 0’s, expect to have a positive exponent of 10 in the answer. 

 

Practice exercises: 

4) Write each of the given numbers in engineering notation: 
 

a) .0038 =___________________________ 
 

b)  .254  =___________________________ 
 
c) .000068 =_________________________ 

 
d) 34500 =________________________________ 

 
e) 88200=_____________________________ 

 
f) .0132 =_______________________________ 
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The following chart may explain why scientists prefer engineering notation: 

Metric Prefixes 
pico    (p) 10-12 

nano   (n) 10-9 
micro  (𝜇𝜇) 10-6 

milli    (m) 10-3 
kilo     (k) 103 

mega  (M) 106 

giga    (G) 109 

tera    (T) 1012 

 

So, for example 5.68 x 10-3 s can be written as 5.68 milliseconds (ms), since 10-3 corresponds to 
‘milli’ in the metric prefix notation.  Similarly, 5.44 x103 m can be written as 5.44 kilometers 
(km), since 103 corresponds to ‘kilo’ in the metric system. 

Practice exercises: 

5) Write each of the following expressions, given in engineering notation, using a metric prefix. 

a)  255 x 103 meters =  __________________ 

b) 12.5 x 106 bytes = ____________________ 

c)  1.244 x 10-3 amperes (A) = _____________ 

d) 544 x 10-6 s = ________________________ 

e) 122.5 x 10-3 Volts (V) = ________________ 

f) 144 x 10-9 Farads (F) = _________________ 

g) 54 x 106 ohms = ______________________ 

 

Lab 4-C: Converting from Powers of Ten Notation to Engineering Notation: 
Metric prefixes are used often in science classes; therefore, you may encounter many instances 
where a value will be converted from scientific notation to engineering notation.  Let’s take a 
look at some examples: 

54 x 107= 540 x 106 

The idea is to go from the given power of 10, round it down to the closest power that is a 
multiple of 3.  Also, remember this simple rule when doing such conversions:  

If you decrease the power of 10 by a certain number, you need to multiply the prefix by 10 to 
the same number.  That way, one part is being reduced and the other part is being increased 
by the same amount, and the given number remains the same. 
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Similarly, if you increase the power of 10 by a certain value, you need to divide the prefix by 10 
to the same power.  Again, this is being done to keep the overall value of the number the 
same. 

In simpler terms, if you subtract from the power of 10, then move the decimal to the right by 
the same number.  If you add to the power of 10, then move the decimal to the left by the 
same number. 

Remember, you are just rewriting the same number, so the overall value must remain the 
same.  To achieve that, if you are increasing one side of the number, you must decrease the 
other side. 

Examples: 

Write the given numbers in engineering notation: 

a) .244 x 104= ………….x 103     

What is the number that should be placed in the blank?  Since we decreased the power of 10 
from 4 to 3, i.e. by one, we must multiply the prefix by 101, so move the decimal to the right by 
one place.  The missing value is 2.44. 

Let’s check the answer:  The left hand side is 2440.  And the right hand side is 2.44 x 103=2440 
which is the same answer as it should be.   

What is the advantage of doing such a conversion? Consider the same problem, with units: 

.244 x 104 Volts  = 2.44 x 103 Volts,  which can then be simplified using metric prefixes: 

= 2.44 kV. 

b) 355.9 x 10-5 V= ………….x 10-3 V 

What is the number that should be placed in the blank?  Going from the original power of -5 to 
the desired power of -3, we have added 2 to the power.  Therefore, we must divide the prefix 
by 102, in other words move the decimal 2 units to the left to keep the value of the original 
number the same.  So the missing value is 3.559. 

Let’s check the answer:  The left hand side in decimal form is .003559V.  And the right hand 
side is 3.559 x 10-3V=.003559V, which is the same.   
Using metric prefixes: 3.559 x 10-3V = 3.559mV. 

Being able to do such manipulations and writing the answer in metric prefix notation will be 
essential in engineering and electronics classes. 

Practice exercises: 

6) Write each of the following expressions using the given power of 10, then simplify the 
answer using an appropriate metric prefix. 
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a) 25.68 x104 ohms (Ω ) =________ X 103  ohms (Ω ) = ________ kilo-ohms (kΩ ) 

b) 1254 x 102 ohms (Ω ) = ________x 103 ohms (Ω ) = ________ kΩ  

c) 6.58 x 107 coulombs (C)= ________x 106 C = ______________ 

d) 8 x 1010 Hz     = ________ x 109 Hz = ____________________ 

e) 255.6 x 104 W = ________ x 106 W = _____________________ 

f) 4.710 x 102 W  = ________ x 103W = _____________________ 

g)  3.5 x 1011 A   = ________  x 1012 A = _____________________ 

h) .000036 A      = ________  x 10-6 A = _____________________ 

i)  3135 x 10-5 C  = ________ x 10-3C= ______________________ 

j)  521.2 x 10-4 A = ________ x 10-3A= ______________________ 

k)  5.43 x 10-7 Farads (F) = ________ x 10-6 F = ________________ 

l) 9.1 x 10-7 F = ____________ x 10-9F = ______________________ 

 

Lab 4-D: Operations with Scientific Notation: 
 
Multiplication and Division: 

To multiply two numbers given in scientific notation, multiply the prefixes and then add the 
powers of 10.   

To divide two numbers given in scientific notation, divide the prefixes and then subtract the 
powers of 10. 

If the final prefix obtained does not fit the criterion ( 1≤  prefix<10) then we will also need to 
adjust the final answer accordingly. 

Examples: 

1) Multiply the following numbers given in scientific notation. Use a calculator for 
multiplying/dividing  the prefixes, but handle the powers of 10 by hand. Leave final answer 
in scientific notation. 
 

a) (3.45 x 105)( 5.3 x 104)=(3.45 x 5.3) (105 x 104)=18.285 x 109=1.8285 x 1010 
 

b) (1.68 x 10-5)( 5.92 x 109)=(1.68 x 5.92) (10-5 x 109)=9.9456 x 104 
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2) Divide the following numbers given in scientific notation. Leave final answer in scientific 
notation: 

a)  
5

2
1 2.45  10
5.3  10

x
x

=  (12.45 ÷  5.3) x 103=2.349 x 103 

b) 
5

7
1 .73  10
4.32  10

x
x

= (1.73 ÷  4.32) x 10-2 = .400 x 10-2=4.00 x 10-3 

 

5) Perform the indicated operations.  Leave answer in scientific notation. 

( )( )10
5 10 20 5 4

0

5

2
72.5 2.44 10 54.431 10 5.4431 10

3.
 72.5  10 2.44  10

3 2 2.  55 10
x x

x
x

x x
+ − − −⋅ = = = 

 
 

Notice that in the last simplification, we had to divide 54.431 by 10 (i.e. move the decimal to 
the left by 10) to make the prefix between 1 and 10 as per scientific notation, therefore we had 
to increase the power of 10 by 1, and -5+1= - 4. 

 

Addition and Subtraction Using Scientific Notation: 

In order to add two numbers in scientific notation, first make sure that both numbers have the 
same power of 10.  If not, adjust one of them using techniques discussed above, so that it has 
the same power of 10 as the other number.  Then, you can factor out the power of 10, and just 
add or subtract the prefixes: 

Examples:  

a) 5 5(12.45  10 ) (5.3 ) ? 10× + =×  

Since both of the given numbers have the same power of 10, just factor it out: 

5 5 5 65 ) 10 (12.45 5.3) 17.75 10 1.(12.45  10 ) (5.3  75 010 7 1= + = × = ×× + ×  

b) 6 5(1.45  10 ) (5.3  ) ?10× + × =  

Let’s start by writing the first number in terms of a power of 5, then proceed as above: 

6 5 5 5 65(1.45  10 ) (5.3  10 (14.5  10) ) 19.8) (5.3  10  10  101.98× + × × + × × ×= = =  

Practice Exercises: 

7) Add or subtract the following numbers, leave answer in scientific form: 
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a) 33(1.75  10 ) (5.34 ) 10× + × =  _______________________________ 

b) 5 5(1.45  10 ) (5.3 0 ) 1× − × = _________________________________ 

c) 34(1.75  10 ) (5.34 ) 10× + × = ________________________________ 

 

 

 Lab 4-E: Application:  Ohm’s Law    
Ohm’s Law states that in an electrical circuit, current is 
directly proportional to voltage and inversely proportional 
to resistance.  This can also be stated as: 

VI
R

=  

Where: I = current in amperes (A),  V= voltage in volts (V),  R=resistance in ohms (Ω ) 

Note that there are two more versions of Ohm’s Law.  If we multiply both sides of the above 
equation by, R, we will get R I V⋅ =  .  In other words  

  V I R= ⋅  

And now we can divide both sides by I to solve for R: 

VR
I

=  

If you can remember just one of those formulas, you can always obtain the other forms from it 
by using simple algebra, as done above. 

Link to a simulation showing the relationships between resistance, voltage and current: 

https://phet.colorado.edu/sims/html/ohms-law/latest/ohms-law_en.html  

Circuit construction kit: https://phet.colorado.edu/en/simulation/circuit-construction-kit-ac-
virtual-lab  

 

 

 

Class Demo: A 
simple electric 
circuit in action 

                        Intermediate Algebra Contextualized Labs – InnovATE                                                         40                                          
 

https://phet.colorado.edu/sims/html/ohms-law/latest/ohms-law_en.html
https://phet.colorado.edu/en/simulation/circuit-construction-kit-ac-virtual-lab
https://phet.colorado.edu/en/simulation/circuit-construction-kit-ac-virtual-lab


Example: 

Given that in a circuit, the resistance is 4.5 kΩ , and the Voltage is 9V, determine the current. 
(Reminder: when voltage is measured in volts, and resistance in ohms, the current will 
automatically be in amperes or ‘A’.) 

3
3

9 9 (9 4.5) 10 2
4.5 4.5 10

V V VI x A mA
R xk

−= = = = ÷ =
Ω Ω  

 

Practice Exercises 

8) For each of the following questions leave the answer using an appropriate metric prefix. 

a) Determine the current when voltage equals 25 V and resistance equals 2.7 MΩ . 
   

b) Determine the current when voltage equals 24 kV and resistance equals 10 kΩ . 

 

c) Determine the current when voltage equals 50 kV and resistance equals 100 MΩ . 
 
 

d) Determine the current when voltage equals 12 MV and resistance equals 2.3 mΩ . 

 

e) Determine the current when voltage equals 60V and resistance equals 5 mΩ . 

 

9) a) Determine the voltage when current equals  5 mA and resistance equals 52Ω  

V I R= ⋅ =   

b)Determine the voltage when current equals  12 mA and resistance equals 3.3 kΩ  

 

c)Determine the voltage when current equals  40 µ A and resistance equals 4.7 MΩ  
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10) a) Determine the resistance when current equals  4.25 mA and voltage equals 150V 

 

b) Determine the resistance when current equals 660 µ A and voltage equals 150 V. Give 
answer in kΩ  

 

c) Determine the resistance when current equals 4.12 A and voltage equals 22 kV. 

 

Lab 4-F: Application:  Resistor Bands  
Electrical resistors are coded with colored bands to indicate the value of resistance in ohms.  
The numerical values for each color are listed below: 

Color Number 
Black 0 
Brown 1 
Red 2 
Orange 3 
Yellow 4 
Green 5 
Blue 6 
Violet 7 
Gray 8 
White 9 

 
For the last color band: 

Color Tolerance 
(%) 

Silver 10 
Gold   5 

 
 

Example: 

Figure out the value of a given 
resistor, if the first band is yellow, 
the second one is violet and the third one is red. The last band is gold. 

R = 47x102 ohms, with a tolerance of 5%. 

R = 4700 ohms = 4.7 k.ohms 

 

The first resistor band represents the first digit 
of the resistance value, the second resistor band 
represents the second digit, the third resistor 
band is the multiplier as a power of 10, and the 
last resistor band is the tolerance as a %. 

For example, a resistor with the following color 
bands in order: green, red, orange and gold 
represents: 52x103 =52,000ohms = 52 kilohms, 
with a tolerance of 5%. That means when 
measured, this resistor might be within + or – 
5% of the indicated value. 

     Color bands in a resistor 

                        Intermediate Algebra Contextualized Labs – InnovATE                                                         42                                          
 



Practice Exercises: 

11) Determine the resistance values for the following color band combinations: 

Green-red-orange  __________________ 

Red-black-red _________________ 

Black–green–black ___________________ 

Yellow-gray-blue   ___________________ 

12) In a circuit, there are 3 resistors connected in series, with the following color codes. 
Determine the total resistance in terms of ohms. (In a series connection, RT=R1+R2+R3) 
 
Resistor 1:  black – green – orange  
Resistor 2: Blue – red – black 
Resistor 2: orange – yellow – red 
 

 
13) What is the total resistance when the following resistors are connected in series? Provide 
answer in kilohms. 

Orange – orange – blue 

Orange – blue – red 

brown – black – yellow 

14) Find the total value of the following resistors assuming a series connection (simply get a 
common unit and add them up.)  

a) 500 kΩ , 850 kΩ , 1.2 MΩ , 6.6 MΩ .  Provide answer in terms of mega ohms. 

 

 

b) 600 kΩ , 1150 kΩ , 2.3 MΩ  1 MΩ  Provide answer in terms of kilo ohms. 
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Answers to Practice Exercises: 

1) a) 3.54 x 104 
a) 2.542 x 105 
b) 5 x 108 
c) 3.35 x 102 
d) 8.8 x 105 
e) 1.324 x 102 

 
2) a) 3.5 x 10-3 
b) 2.54 x 10-1 
c) 6.8 x 10-5 
d) 3.35 x 10-1 
e) 8.82 x 10-6 
f) 1.32 x 10-2 
 
3) a) 2250 
b) .425 
c) 52.245 
d) .000234 
e) 552,520,000 
 
4) a) 3.8 x 10-3  
b) 254 x 10-3 
c) 68 x 10-6 
d) 34.5 x 103 
e) 88.2 x 103 
f) 13.2 x 10-3 

 
5) a) 255 km 
b) 12.5 Mb 
c)  1.244 mA 
d) 544 µs 
e) 122.5 mV  
f) 144 nF 
g) 54 M ohms 
 
6) a)256.8 X103  ohms(Ω )=256.8 kΩ  
b) 125.4 x 103 ohms (Ω) = 125.4 k Ω 
c) 65.8 x 106 C = 65.8 MC 
d) 80 x 109 Hz = 80 GHz  
e) 2.556 x 106 W = 2.556 MW 
f) .4710 x 103W = .4710 kW 
g)  .35 x 1012 A = .35 TA 

h)  36 x 10-6 A = 36 µA 
i)  31.35 x 10-3C= 31.35 mC 
j)  52.12 x 10-3A= 52.12 mA 
k)  .543 x 10-6 F = .543 µF 
l) 910 x 10-9F = 910 nF 
 
7) a) 7.09 x 103 
b) -3.85 x 105 
c) 2.284 x 104 
 
8) a) 9.3µA 
b) 2.4 A 
c) .5 mA 
d) 5.2 GA 
e) 12 kA 
 
9) a) 260 mV 
b) 39.6V 
c) 188V 
 
10) a) 35.3 kΩ   
b) 230 kΩ  
c) 5.3 kΩ  

11) a) 52 kΩ 
b) 2 kΩ 
c) 5 Ω 
d) 48 MΩ 

12) 8.462 kΩ  

13)33,103.6 kΩ 
14) a) 9.15 MΩ  
b) 5,050 kΩ
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Lab #5: Solving Formulas 
 

Objectives: 
When you have completed this lesson, you should be able to: 

A) Use a given formula with multiple variables. 
B) Evaluate the formula and interpret the results. 
C) Solve the given formula for the desired variable. 
D) Write a formula that describes a given scenario. 
E) Explain how one variable changes, when another variable is increased or decreased by a 
certain factor. 

Lab 5-A: Ohm’s Law Revisited 
 

Ohm’s Law states that the voltage in a circuit equals current times resistance.   
 

V I R= ⋅  
 

V = Voltage, and is measured in Volts (V) 
I = Current, and is measured in Amps (A) 

       R = Resistance, and is measured in Ohms (Ω ) 
 

a) There are two other forms of Ohm’s law.  Solve for I, and then for 
R, in order to find the other two forms of Ohm’s Law. 
 
 
I = ____________   R = _________ 
 
 
b) Determine the current through a circuit with a resistance of 22 ohms and a voltage source of 
9V. 
 
 
 
 
c) Given that a 12V voltage source supplies a current of 2.5 amperes. What is the resistance of 
the load? 

 
 
 
 

d) The current through a circuit is measured as 54.5 miliAmps.  (Recall that mili represents  
310− .) The total resistance in the circuit is measured to be 2.2 kilohms (kΩ ).  Determine the 

applied voltage. 
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e) A 20 Ω  resistor has a .65-ampere current through it. Determine the applied voltage. 

 
 
 
 

f) If the voltage is doubled in a given circuit, how would the current change? (Assume resistance 
stays the same.) Explain your answer. 
 

 
 
 

g) If the resistance is cut in half, how would the current change? (Assume voltage remains the 
same.) Explain how you got the answer. 

 
 
 
 

h) If the resistance is tripled, how would the current change? (Assume voltage remains the 
same.) Explain your answer. 
 
 
 
 
i) What voltage is required to run an 8,000-ohm load that draws 400 microamperes of current? 

 
 

 

 
 

j) Circle the correct answers:   I and V are (directly or inversely) proportional: As V increases, I 
(also increases or decreases). 

 
 
 
 

k) Circle the correct answers: I and R are (directly or inversely) proportional.  As R increases, I 
(also increases or decreases) 
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Lab 5-B: Watt’s Law (Power Law) 
 
Watt’s Law states that voltage (V)  times current (I)  equals power (P). 
 

P I V= ×  
 

    P = Power in Watts (W)        
    I = Current, and is measured in Amps (A) 
   V = Voltage, measured in Volts (V). 
 
There are three different versions of Watt’s Law.   In the above equation, if we replace ‘I’  by its 
equivalent using Ohm’s Law, we will find the second version of the Power Law. 
 
a) From Ohm’s Law,  I = …………,.  Substituting this in the above equation, we obtain 
 
       P = ……………. 
 
 
b) To get the final form of Watt’s Law, let’s recall the value of V from Ohm’s Law: 
 
V = …………..  Substituting this into the given equation for P, we obtain: 
 

P = ……………. 
 

For the following questions, choose an appropriate form of Watt’s Law from the three equations 
obtained above. 
 
c) A 500 ohm load (resistance) is connected to a 25-volt source.  What is the power 
consumption in watts? 
 
 
 
d) A bulb draws a current of .20 ampere when connected to 120 volts.  Find the power 
consumed. 
] 
 
 
e) Find the power consumption in a circuit with a 1V power source that is drawing a current of 
.22 amperes. 
 
 
 
 
f)  Find the power consumed by a circuit with a source of 480V and a resistor of 6 MΩ . (Recall 
that Mega corresponds to 106.) Leave final answer in mW. 
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g) A resistive load of 500 ohms is consuming 5 watts of power.  What is the current flowing 
through the resistor? 
 
 
 
 
 
h) A light bulb is rated at 60 watt.  When it is turned on, it draws a current of 750 mA. 
Determine the applied voltage. Hint: be careful about the units used. 
 
 
 
 
 
i) A resistor is drawing a current of 1.4 amperes, consuming a power of 14.4 watts.  Determine 
the value of the resistor. 
 
 
 
 
 
j) A 10 megaohm resistor is connected to a 120 volts source.  Find the current and the power 
consumed. 
 
 
 
 
 
k) In a circuit consisting of a voltage source and a resistor, how would the power consumed 
change if the value of the resistor increases two-fold, assuming voltage remains the same? (Use 
the equation P = V2 / R to answer this question.) 
 
 
 
 
l) How would the power change if the voltage source is doubled, assuming R is kept the same? 
(Use P =  V2 / R) 

 
 
 
 
 
 

m) How would the power change if the current is cut in half, assuming resistance is kept the 
same? (Use P = I2 R to answer this one.) 
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n) Solve the equation P =  V2 / R for R. 
 
 
 
 
 
o) Solve the equation P =  V2 / R for V. 
 
 
 
 
 
 
 
p) Solve the equation P =  I2R for R. 
 
 
 
 
 
 
q) Solve the equation P =  I2R for I. 
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Lab 5-C: Braking Distance 
 
The braking distance is the distance traveled by a car from 
the instant the driver applies the brakes until the car 
comes to a stop.  The following formula can be used to 
estimate the braking distance: (Problem is an expanded 
version of a problem from Math for Photonics*, p.37) 

2

30
rb

F
=

×
 

Where b is the estimated braking distance in feet, r is the car’s speed in miles per hour, F is the 
driving surface factor given by the following table. 
 

Driving Surface Factor 
Type of surface Dry road Wet road 
Asphalt .85 .65 
Concrete .90 .60 
Gravel .65 .65 
Packed Snow .45 .45 
   

 
a) What is the estimated braking distance for a car traveling on dry asphalt, at a speed of 25 
mph? 
 
 
 
b) What is the estimated braking distance for a car traveling on dry asphalt at a speed of 50 
mph? 
 
 
 
c) Looking at the results from above, complete this sentence:  When the speed is doubled, 
braking distance is _________________. 
 
 
d) Now, look at the formula once again, and explain how one can reach the same conclusion as 
the one obtained in (c)  by just looking at the formula (no calculations)? 
 
 
 
 
e) Calculate the breaking distance when a car is traveling at 65 mph on dry concrete, and then 
calculate the braking distance on packed snow.  Comment on how the breaking distance 
increased/decreased, when the surface factor was cut in half.   
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When surface factor was cut in half, the breaking distance ………………….. 
 
 
Explain how one could have used the braking distance on dry concrete to obtain the braking 
distance on packed snow, in the previous question. Hint: First notice how the surface factors 
are related based on the values provided in the table.   
 
 
 
 
 
 
f) When the surface factor triples in value, the breaking distance will be (increased or reduced) 
by ____________.  The relationship between breaking distance and surface factor is an 
example of a(n) (direct or inverse) relationship. 
 
 
g) A police officer investigating a traffic accident observes the skid marks and estimates that it 
took the car about 208 ft. to come to a complete stop on wet asphalt.  Use the given equation 
to estimate the speed of the car at the time of the accident. 
 
 
 
 
 
h) A police officer measures the skid marks in an accident on I-95, and determines the braking 
distance to be 185 ft on dry asphalt.  Determine the speed of the car at the time of the 
accident. 
 
 
 
 
 
i) The speed limit on I-95 in West Palm Beach area is 65 mph.  Assuming the highway is made 

of asphalt, on a sunny day, a braking distance of how many feet would indicate that the 
driver was speeding? 

 
 
 
 
 
 
 
Therefore, if the breaking distance is more than (under the given conditions) ………………, then 
the driver must have been ………………………. 
 
 
*Problem inspiration from: Math for Photonics link: http://www.op-tec.org/math.php  
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Lab 5-D: Medical Insurance           
 
Joey’s medical insurance company requires him to pay the first 
$1,000 on a hospital bill.  For the remaining amount, the 
insurance company will pay 80%, and Joey must pay the 
balance of the bill. 
 

a) Figure out Joey’s total out of pocket cost, for a recent hospital 
bill that was $6,600. 
 
 
 
 
b) Write an equation that represents Joey’s out of pocket costs, C, for a given hospital bill that 
is H dollars.  You can assume that the bill is more than $1000 dollars. 
 
 
 
 
c) On a recent emergency visit, Joey had to pay $1,550.  Figure out what his original bill was, 
by using the equation you have obtained above.  Make sure to show work using the above 
equation, and then feel free to check the answer using an intuitive approach. 
 
 
 
 
 
d) The insurance company has two plans.  Plan A is the one that Joey has.  Plan B has a $2,500 
deductible, and will pay 85% of the cost above the initial $2,500.  Write an equation that 
describes the amount the person subscribing to plan B is responsible for, in a hospital bill that 
totaled H dollars. (Assume the total hospital bill exceeds $2,500.) 

 

 
 
 
 
e) Joey’s parents are reviewing both plans and need to decide which plan to select.  His father 
may face an open heart surgery which could cost tens of thousands of dollars.  Which plan 
would you recommend his parents and why? Show work including the solution to an equation.  
Provide a detailed explanation of your findings.  
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If the hospital bill (H) is expected to be more than …………………………….., then Joey’s family 
should select Plan …………………… . 
 
 
f) Create a rough graph showing both plans (or use Desmos.com) and check your answer 
obtained in part (e) using the graph.   
 
 
 
 
 
 
 
 
 
 
 
 
 
g) Solve for H in the equation obtained for part (d), and provide a situation in which it would 
be helpful to use this formula. 

 
 
 
 
 
 
 
 
 
h) (Extra Credit) 

The insurance company asks the IT Department to create a simple program for calculating the 
total out of pocket cost for a client, given the hospital bill.  The program should first ask 
whether the client is in plan A or plan B, and then must ask for the total hospital bill amount.  
Then the program should print out the total amount that the client should be billed by the 
insurance company, as his/her out of pocket cost. You can use a TI 83 programming feature or 
any other programming language of your choice.  A simple preview to programming with TI83 
will be provided in class prior to this problem, for those who are interested in pursuing this.  
 
 

Instead of a program, you can also create a spreadsheet that will accomplish the same task. 
 
 
 
 
*The inspiration for problems Labs 5c and 5d come from http://www.op-tec.org/math.php . The 
questions that appear here are much more detailed and expanded than the ones that appear in that 
document. 
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Lab #6: Application of Rational Expressions 
 
Objectives: 
When you have completed this lesson, you should be able to do the following: 

1. Develop familiarity with series and parallel connections in a circuit. 
2. Apply knowledge of simplifying rational expressions and solving rational equations in 
the context of electrical circuits and resistors connected in parallel, and series-parallel. 

 

Lab 6-A: Resistors in Series (review): 
 
 The parts of a series circuit are connected in succession. In a series circuit, current has a 
single path to go through, and therefore it does not split.  The total resistance can be 
calculated by summing up each individual value of the resistors 
connected in series: 

RT=R1 + R2 + R3 +…. 
 
 
 
Examples: 
1) Find the total resistance for the circuit given below: 

 
          RT=_________ 
          
2) Determine the total resistance for the circuit given below.  (Hint: be careful about the units 

used.  Recall that kilo represents 103. The answer can be given in terms or ohms or kilo-
ohms. 

 
 
 
 
 
 

     
 
RT=_________ 
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3) For the following circuit a) find the total resistance.  B)Create a simple circuit with one 
voltage source and one resistor (equaling total resistance) and figure out the total current 
through this simplified circuit using Ohm’s Law:V = I*R. 

      RT=_________, IT=________ 
 
 

Lab 6-B: Resistors in Parallel 
 
In a parallel circuit, current can flow through two or more paths. If 
the resistors were replaced with light bulbs and one blew out, the 
others would still work, since current can still flow from the other two 
branches. When resistors are connected in parallel, the total 
resistance can be found by using this formula. 

1 2 3

1 1 1 1

TR R R R
= + +  

 
Examples: 
For each of the following question, determine the total resistance for the given circuit: 
1) Calculate the total resistance for the following circuit: 

            RT=_________ 
           
Based on the findings, fill in the blank.  When two resistors of the same value, R, are 
connected in parallel, the total resistance equals ________________.  Comment on why the 
total resistance is less than the individual resistances when they are connected in parallel.  
__________________________________________________________________________ 
__________________________________________________________________________ 
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2)  
 

 
 

        
        

          RT=_________ 
 
 
3) 
 
 
 
 

      
RT=_________ 

 
 
4) 
 
 
 

      
 

RT=_________ 
   
 
5) Find a general formula for RT when two resistors R1 and R2 are connected in parallel. 
 

 
 
 
 

    RT=_________ 
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6)  Find the total resistance for the three resistors connected in parallel in the given figure: 
 
 
 
 
 
 
      RT=_________ 

7) Find the total resistance for the resistors in the given figure: 
 
 
 
 
 
 
 
 

RT=________ 
  

 
8) a) Find a general formula for when three resistors of the same value (R ohms each) are 
connected in parallel. Use an equation to verify your guess. 

 
 
 
 
 
 
 

 
RT=_________ 

 
b) Find a general formula for when ‘n’ resistors of the same value (R ohms each) are 
connected in parallel. 
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Lab 6-C: Resistors in Parallel – Series Connection: 
9) Find the total resistance for the following figure. Hint: First identify two resistors connected 
in parallel, and find their total value.  Then, assume a single resistor of that total value 
replaces the two resistors in a parallel.   The simplified circuit will look like the figure on the 
right.  Figure out the total resistance using the simplified circuit. (Hint: is the connection in the 
simplified circuit parallel or series? Use the appropriate formula accordingly.) 
 
  
 
 
 
 
 
 
 
 
 
10) Find the total resistance for the following figure.  Assume R1 = 20 Ω, R2=400 Ω,  
R3 = 10 Ω, R4=50 Ω, R5 = 40 Ω. Hint: First combine R4 and R5 and replace both of those with a 
single resistor of the total value.  You can do the same with R1 and R2.  Now draw a simpler 
circuit with those reductions and see what you need to combine next. 
 
 
 
 
 
 
 
 
 
11) Figure out the total resistance for the circuit given below. 
Assume that R1= 1kΩ , R2=250 Ω, R3=500 Ω, R4=5 kΩ 
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12) Determine the total resistance for the circuit given below. Assume all resistors are in ohms. 
 
 
 
 
 
 
 
 
 
 
 
13) Suppose we need to have two resistors connected in parallel with a total resistance of 25.  
If one of the resistors that we have is 40 Ω, what should be the value of the second resistor, 
so that the total (when connected in parallel) is 25 Ω. 
 
 
 
 
 
 
 
 
 
 
14) Three resistors are connected in parallel: One is 100 Ohms, one is 200 Ohms and the third 
one is unknown.  If the total resistance is given as 50 Ohms, determine the value of the 
unknown resistor. 
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