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Principles of Engineering 

 

Course Description: 

Grade 11: Principles of Engineering is a broad-based survey course that will help student explore and 

understand the fields of engineering and engineering technology, as well as other high-tech career 

possibilities.  Students will expand upon the problem-solving skills gained in Foundations of 

Engineering to create solutions to engineering challenges. They will investigate various engineering 

systems and manufacturing processes. This project-based course will enable students to experience 

engineering through theory and hands-on problem-solving activities.  

 

Pre/Co-Requisite: Foundations of Engineering, Chemistry, Algebra 2/Trigonometry. 

 

Textbook: Principles of Engineering; 1st Edition Handley, Coon, Marshall 

 

Class Hours: Daily 40 Minute Periods, 180 Days, 120 Hours 

 

 

Grading Breakdown: 

Quarter Average: 

Tests - 50% 

Projects - 40% 

Assignments - 10% 

Final Average: 

Quarter 1 - 20% 

Quarter 2 - 20% 

Midterm - 4% 

Quarter 3 - 20% 

Quarter 4 - 20% 

Final - 16% 

 

Course Learning Objectives: 

● Students will be able to demonstrate knowledge of mathematics, science, and engineering 

● Students will be able to design and conduct experiments, as well as analyze and interpret data 

● Students will be able to design a system, component, or process to meet desired needs within 

real-world constraints. 

● Students will have an ability to identify, formulate, and solve engineering problems. 

 

 

 

 

 



 

Units of Instruction: 

 

1. Hydraulics and Pneumatics  

   

2. Trusses 

 

3. Structural Properties: Beam Deflection, Stress,  Strain, and Moments of Inertia  

 

4. Centroids  

 

5. Thermodynamics  

 

6. Circuits  

 

7. Circuits and AC Electricity 

 

8. Robotics   



Hydraulics and Pneumatics Unit Plan 
 
Curricular Goals: 
The students will be able to: 

 Understand and define terminology for different parts of fluid power systems. 
 Calculate flow rate, flow velocity, Pascal’s law, and perfect gas laws. 
 Understand the effect area of a piston has on the force applied. 
 Work together in hands-on projects to build a pneumatic system.  
 Work with groups outside of class to build an eco-friendly air conditioner and research the 

benefits and how to make it. 
 
Learning Standards: 

 Key idea: Engineering design is an iterative process involving modeling and optimization used to 

develop technological solutions to problems within given constraints. 

 Key idea: Technological tools, materials, and other resources should be selected on the basis of 

safety, cost, availability, appropriateness, and environmental impact; technological processes 

change energy, information, and material resources into more useful forms. 

 Key idea: Computers, as tools for design, modeling, information processing, communication, and 

system control, have greatly increased human productivity and knowledge. 

 Key idea: Technological systems are designed to achieve specific results and produce outputs, 

such as products, structures, services, energy, or other systems. 

 Key idea: Technology has been the driving force in the evolution of society from an agricultural to 

an industrial to an information base. 

 Key idea: Technology can have positive and negative impacts on individuals, society, and the 

environment and humans have the capability and responsibility to constrain or promote 

technological development. 

 Key idea: Project management is essential to ensuring that technological endeavors are profitable 

and that products and systems are of high quality and built safely, on schedule, and within budget. 

Standards for English Language Arts 
 Standard 4: Students adjust their use of spoken, written, and visual language (e.g. conventions, 

style, vocabulary) to communicate effectively with a variety of audiences and for different 
purposes. 

 Standard 5: Students employ a wide range of strategies as they write and use different writing 
process elopements appropriately to communicate 
 

Common Core Standards: 
o CSS.ELA-Literacy.RST.11-12.1 
o CSS.ELA-Literacy.RST.11-12.7 

 
Misconceptions: 

 Students often confuse flow rate and flow velocity 
 Students often forget which variables to convert for the perfect gas laws. 
 Students often don’t understand the difference between gauge pressure and absolute pressure. 

 
 
 



Daily Lesson Overviews: 
 
A full lesson plan is provided for Day 5-6 
 
Day 1: 

 Aim: Introduction to Fluid Power 
 Materials: PowerPoint entitled “1-Fluid Power ppt”, the handout entitled “2-Fluid Notes”  (if you 

choose to use it) and the practice sheet entitled “3-practice -1” 
 Motivation:  Talk about learning the basics of fluids to do hands on projects such as hydraulic lift 

and pneumatic brakes. 
 Procedure: 

o Go through the PowerPoint with the students highlighting the difference between Flow 
Rate, Flow velocity and terminology associated with fluid systems. 

o Allow students to make connections and inferences about how their everyday life relates to 
flow rate and flow velocity. 

o Allow students the opportunity to complete the practice on their own on their worksheet 
“3-practice-1” 

 Homework tonight:  
o Complete the practice examples if they have not already. 

 
Day 2: 
 

 Aim: What is an economical way to cool down your house? 
 Materials: PowerPoint entitled “1-Fluid Power ppt”, the handout entitled “2-Fluid Notes”  (if you 

choose to use it) and the practice sheet entitled “3-practice -1” 
 Motivation: Discussion of eco-friendly air conditioner 
 Procedure: 

o Check and go over the homework sheet from the previous night. 
o Go through the PowerPoint with the students allowing students to perform the Bernoulli 

experiment and discuss how and why it works. 
 Homework tonight: 

o Students should research the eco friendly air conditioner and how they can recreate it with 
recycled materials. 

 
Day 3: 
 

 Aim: Eco Friendly Air Conditioner Project 
 Materials: Hand out entitled “4-Ecofriendly AC” 
 Motivation: hands on project 
 Procedure: 

o Go through the worksheet highlighting the job of each of the students to perform the tasks. 
 Students should research on the computer and use their research notes from the 

previous night 
 Students should then sketch a possible solution in their notebooks 
 Groups will be made and students can then brainstorm 
 Students should then choose one design and create their initial sketch with 

annotations. 
 Set a due date for the students to create their project at home. 

 Homework tonight: 
o Work on your EFAC (ecofriendly AC). 



 
Day 4: 

 Aim: Hydraulic Power 
 Materials: PowerPoint entitled “1-Fluid Power ppt”, the handout entitled “2-Fluid Notes”  (if you 

choose to use it) and the practice sheet entitled “5-practice 2-hydraulics” 
 Motivation: relation of hydraulic machines to everyday life. 
 Procedure: 

o Go through the powerpoint allowing students to make conclusions and inferences based 
upon the hydraulic examples.  

o Allow students to do the practice problems on their own. 
o Allow students the opportunity to complete the practice on their own on their worksheet 

“5-practice 2-hydraulics” 
 Homework tonight:  

o Complete the practice examples if they have not already. 
 
Day 5-6: 

 Aim: Hydraulic Discovery Activity 
 Materials: Syringes, plastic tubing, water, assorted masses, handout entitled “6-hydraulics 

discovery” 
 Motivation: this is a hands on discovery activity. 
 Procedure: 

o Students will work in groups of no more than 3. 
o Students should follow the procedure outlined in the handout. 
o Walk around the room to ensure that all students are focused and on task. 

  
Day 7 

 Aim: Quiz 
 Materials: Reference Tables, calculators and handout entitled “7-Assessment 1 flow rate 

hydraulics” 
 Motivation: this is a graded assessment of their knowledge of flow rate, flow velocity and 

hydraulics. 
 Procedure: 

o Students should be spaced out and equipped with reference tables and calculators 
o Walk around the room to ensure that all students are focused and on task. 
o Ensure that all students realize they will lose points if they do not show their equation and 

substitution with units and final answer with correct units. 
 

Day 8 
 Aim: Pneumatics 
 Materials: PowerPoint entitled “1-Fluid Power ppt”, the handout entitled “2-Fluid Notes”  (if you 

choose to use it)  
 Motivation: understanding pneumatic machines to build your own pneumatic system. 
 Procedure:  

o Go through the PowerPoint on the pneumatic gas laws. 
o Allow students to do practice problems on their own in order to adequately assess their 

understanding. 
 
Day 9 

 Aim: Practice Gas Laws 
 Materials: Student note packets for reference and the handout entitled “8-Practice 3- Pneumatics” 



 Motivation: Group work. 
 Procedure:  

o Allow student to work together showing all of their work doing practice problems on the 
gas laws. 

o Walk around the room to ensure that all students are focused and on task. 
 Homework tonight: allow students to complete practice if they haven’t already. 

 
Day 10-15 

 Aim: Pneumatic Systems Project 
 Materials: fishcertechnik or other engineering project materials and the handout entitled “9-

Pneumatic Systems Project”. 
 Motivation: This is a hands-on, open-ended project that can be individualized within the groups. 

The students are required to use their creativity to build and design a pneumatic system. 
 Procedure:  

o Go through the instructions for the activity 
o Students should be working in groups while recording in their engineers notebook. This 

worksheet can be uploaded to the internet and followed on their phones. 
 Homework tonight: continue working on your EFAC project. 

 
Day 16: 

 Aim: EFAC Project Data 
 Materials: Student’s group EFAC project, thermometers (2 per group), access to outside. 
 Motivation: this is a hands-on opportunity to obtain data for their projects to determine their 

effectiveness. 
 Procedure:  

o Have students take data in the classroom as a control and record. 
o Go outside and have students place the air-conditioned wall towards the wind. Place a 

thermometer inside the apparatus and one right outside. Allow 10 minutes for the 
temperature to cool and the thermometer to stabilize. 

o Students will then answer the conclusion questions in their engineer’s notebook and 
critiques. 

 
 
Day 17: 

 Aim: Review for test 
 Materials: Handout entitled “10-Review Hydraulics Pneumatics” 
 Motivation: this is a graded assignment that will review the entire unit for the final assessment 

that can be done as groups. 
 Procedure: 

o Handout the review sheet and allow students to work in groups to answer the questions. 
o Inform students that the assignment will be checked. All students must show their work in 

order to receive credit. 
o Inform students that they MUST check their answers with their groups before informing 

me that they are done.  
o When a group is done the teacher can check the work of one of the students to assess 

correct answers and work. Teacher should look at other group member’s work to see that 
the work is written out for credit. 

o Only assign credit when all of the answers are correct. 
 Homework: study for assessment on pneumatics and hydraulics 

 



Day 17: 
 Aim: Assessment on Pneumatics and Hydraulics 
 Materials: “10-Test on Hydraulics and Pneumatics”, Calculators (students should have their own), 

Reference Tables. 
 Motivation: this is a graded assessment of their knowledge of hydraulics and pneuamtics. 
 Procedure: 

o Students should be spaced out and equipped with reference tables and calculators 
o Walk around the room to ensure that all students are focused and on task. 
o Ensure that all students realize they will lose points if they do not show their equation and 

substitution with units and final answer with correct units. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Day 5-6 Lesson Plan 
 
Unit: Hydraulics and Pneumatics 
 
Lesson: Hydraulics Discovery Activity 
 
Goals: 

 Allow students to use a hands-on activity to investigate the effect of the area of a cylinder and the 
force needed to lift assorted masses. 

 Students will practice solving for Work, area of a cylinder, Pascal’s Law and Mechanical Advantage. 
 Students will learn to work in groups and investigate the effects of area of a cylinder on the force 

needed to lift various masses. 
 
Learning Standards: 

 Key idea: Engineering design is an iterative process involving modeling and optimization used to 

develop technological solutions to problems within given constraints. 

 Key idea: Technological systems are designed to achieve specific results and produce outputs, 

such as products, structures, services, energy, or other systems. 

Standards for English Language Arts 
 Standard 5: Students employ a wide range of strategies as they write and use different writing 

process elopements appropriately to communicate 
Common Core Standards: 

o CSS.ELA-Literacy.RST.11-12.7 
 
Essential Questions: 

 How does the area of a cylinder affect the force input? 
 How can you increase your mechanical advantage in a hydraulic lift? 

 
Misunderstandings: 

 The apparatus is difficult to balance and most groups would have air bubbles in the tube that 
affects the error. 

 
Vocabulary: 
Pneumatic, piston, cylinder, Pascal’s Law, syringe. 
 
Aim: 
Hydraulic Discovery Activity 
 
Materials: 

 1- 12 cc syringe 
 1- 30 cc syringe 
 1 bucket filled with water 
 1 tube of 1/8 in diameter approximately 12 inches. 
 Assorted masses 
 Ruler 

 
 



Procedure: 
 To assemble the syringes: Fill the 12 cc syringe with water then connect it to the tube. Inject the 

water through the tube. Then connect the other end of the tube to the 30 cc syringe (be sure the 
plunger is all the way down on this one). If there is no air present in the tube then you are ready. If 
there is air present in the syringes you must take out the syringe and push the air out then 
reassemble. 

 Have students follow the instructions outlined in the worksheet to begin the investigation. It is 
difficult to balance the masses on the syringes. It may be beneficial to have students create a 
platform and possibly permanently mount some type of plate on top of the syringe. 

 
 Some type of clamp may be used to hold up the syringes. Or you can put the syringes between 2 

tables so that only the top plates are exposed.  
 Be sure that students find out how much weight it takes to overcome air bubbles and friction and 

they should subtract this from their data for each trial. 
 When students are done answering the questions they should now replace the water in the 

hydraulic system with mineral oil and repeat the data. 
 All work should be done in their engineer’s notebook. To be graded. 
 Walk around the room to ensure that all students are cooperating and on task.  

Assessments: 
Student work will be graded from their engineer’s notebook.  
A summative assessment will be done in class immediately following this activity. 
 
 
 



Fluid Power 

Hydraulics and Pneumatics 



Basics of Fluid Power 

 Fluid Power: The use of a fluid to transmit power from 

one location to another 

Pneumatics: The 

use of gas to 

transmit power 
 

Hydraulics: The use 

of liquid to transmit 

power 
 



Anatomy of a fluid powered machine 

Pump/Compr

essor: 

Converts 

mechanical 

power to fluid 

power 
 

Reservoir: 

Stores Fluid 

Fluid Conductors: 
Pipe, tube, or 
hose that allows 
for flow between 
components 

 

Valve 
Controls direction 
and amount of 
flow  

 

Actuators 

Converts fluid 
power to 
mechanical power 

 



Pneumatics vs. Hydraulics 

 

Pneumatics: Gasses will 

fill their container 

completely and uniformly. 

They will compress when 

pressure is applied to them 

before they can transmit 

any force. 

Hydraulics: Liquids are 

relatively incompressible 

when under pressure. This 

makes hydraulic systems 

much more precise and 

powerful.  



How does volume affect speed? 

 The diagram below shows a piston that will push a 100lb 

weight to the right when fluid flows into Port B and then 

the piston will retract when fluid is flowing into Port A. 



 Take note of the red fluid flowing into Port B. This 

extracts the actuator because the pressure is on the left 

side of the piston. This extends the actuator shaft and 

pushes the 100 lb weight.  



 Now the red fluid is flowing into Port A. Notice that the 

actuator now retracts because of the pressure on the 

right side of the piston. 



Take note of the volume of fluid to the left of the 

piston coming through Port B and compare it to 

the volume of fluid coming into Port A to the right 

of the piston. 

 

 If the piston moves equally left or right 

when filling Port B or Port A, which side 

provides more volume displaced? In which 

circumstance will the actuator move faster, 

extraction or retraction? 



Volume vs. Speed 

 The amount of volume of fluid displaced will directly 

affect the speed.  

 If there is less volume to displace, the actuator will move 

faster.  

 Therefore, the actuator shaft will move faster when it 

retracts since there is less volume for the fluid during 

retraction due to the actuator shaft taking up some 

space. 



Flow Rate 

 Flow rate is measured in gallons per minute (gpm) 

 

 

 

 

 Volume is measured in gallons and time is measured in 

minutes 

 

Q =Volume
time

Q =V
t



Flow velocity 

 The speed of a fluid moving through a system. This is 

measured in inches/minute. 

 

 

 

 d = distance fluid travels in inches. 

 t is time to travel, measured in minutes. 

v = d
t



Practice 

 A garden hose is used to fill a five gallon bucket in 2 

minutes. What is the flow rate of the water through the 

hose? 

Q =V
t

Q = 5gallons
2min

Q = 2.5gpm



Practice 

 If the garden hose from the previous problem is 20 feet 

long and the water moves from the spigot to the end of 

the hose in 12 seconds, what is the waters flow velocity 

in inches per minute inside of the hose? 

 

 20 feet
12in

1 ft

æ

è
ç

ö

ø
÷= 240in

12sec
1min

60sec

æ

è
ç

ö

ø
÷= 0.2min

v = d t = 240in 0.2min =1200 in min



How does area affect pressure and speed? 



How to make the water gain speed: 

 When using the hose in your yard, what do you do to 

make the water come out of the end of the hose with a 

faster velocity? 

 

 

 

 

 The flow rate has not changed. The water is still going 

through the hose with the same gallons per minute, 

however, since you decreased the area of the opening, 

the water will now travel faster to accommodate for the 

lost volume. 



Flow rate in terms of velocity and area 

 Flow velocity is inversely proportional to the area: 

 

 

 

 Where Q is the flow rate in in3/minute, v is the flow 

velocity in in/min and A is the area in in2 

Q = vA

Q = vA



Practice 

 You have now put a small fitting on the end of the hose 

stated in the previous examples. Knowing that the fitting 

has a diameter of 0.35 inches, determine the new flow 

velocity of the water assuming the flow rate remains 

constant. 
2.5
gallons

min

231in3

1gallon

æ

è
ç

ö

ø
÷= 577.5in

3

min

A = pr2 = p (0.175in)2 = 0.0962in2

Q = vA = 577.5
in3

min
= v(0.0962in2 )

v = 6002.41
in

min



Bernoulli’s Principle continued… 

 As the area is decreased, the velocity of the fluid 

decreases and the pressure drops.  When the pressure is 

lowered, that also affects the temperature. Low pressure 

means cooler temperatures: 

 



Using waste to create an eco-friendly air 

conditioner: 

 To test Bernoulli's principle hold your hand up to your 

mouth and open your mouth wide. Breathe air onto your 

hand to feel the temperature. 

 Now make a smaller “o” with your mouth and blow again. 

Which is cooler? 



Eco-friendly air conditioner 

 Bangladesh is using this principle to air condition their 

homes! You can cool the air up to 5 degrees with these 

bottles in place of your window. 



Hydraulic Power 

Hydraulics 
 The use of a liquid flowing under pressure to 

transmit power from one location to another 

 

 Remember: Liquid in a hydraulic system behaves 

like a solid since it compresses very little 



Hydrodynamic Systems 

• Fluid is in motion (dynamic) 

• Force and energy is created by fluid flow 

through the turbines 



Hydrostatic Systems 

 Fluid is at rest (static) 

 Fluid is pressurized 

 Pressure creates force and energy  

 Most common in industrial settings 



Hydraulic Press 

 The following hydraulic machine is used by exerting a 

force F1on piston A1. The fluid shown in the tubes is at 

rest and compresses very little to transfer the pressure 

through to the other piston. This results in the weight 

placed at F2 to lift vertically upward at piston A2. Is this 

considered hydrostatic or hydrodynamic? 



Pascal’s Law: 

 Pascal’s Law  Pressure exerted by a confined fluid acts 

undiminished equally in all directions. Since this 

hydraulic press works by a confined fluid, this means 

that the pressure in piston A1 is _______ the 

pressure in piston A2. 

 



Equations 

 Pressure is directly proportional to the force applied but 

inversely proportional to the area of the piston:  

 

 

 

 

 The mechanical advantage of the hydraulic press can be 

determined by comparing the input and output forces 

 

p =
F

A

MA =
Fout

Fin



Since the pressure is equal we can combine 

equations… 

p1 =
F1

A1

p2 =
F2

A2

p1 = p2

F1

A1

=
F2

A2



Practice: 

A force of 100. lb is applied to the input cylinder of 

the hydraulic press seen below. What is the 

pressure in the system? How much force can the 

output cylinder lift? What is the mechanical 

advantage of the system? 



Pneumatics 

The use of a gas flowing under pressure 

to transmit power from one location to 

another 

Gas in a pneumatic system behaves like 

a spring since it is compressible. 

 

Gas Compressing: 

Pneumatics 

Fluid does not 

compress: Hydraulics 





Hydraulics vs. Pneumatics 

 Notice that with pneumatics the air is allowed to leave 

the system into the environment. Since you do not have 

to worry about pollution with pneumatics, tractor trailers 

use pneumatic brakes. This is due to the fact that one can 

switch out trailers easily and not worry about the lines 

leaking fluid. 



Properties of Gasses 

 Gasses are affected by 3 different things: 

 Temperature  

 Must be in Absolute and the units must be converted to degrees 

Rankine.  

 Pressure 

 Must be in Absolute lb/in2 (psi). 

 Volume 

 Must be measured in in3. No Absolute conversion necessary for 

volume. 

 



Absolute Temperature 

 To convert from Farenheit to Rankine: 

 

 

 If you are not in Farenheit but rather Celsius, you must 

first convert from Celsius to Farenheit. 

 

 

 Rearranging yields: 

 

oR = oF + 460o

TF =
9

5
TC +32

TC =
5

9
TF -32( )



Example: 

 What is the reading of the following thermometer in 

Absolute Rankine? 

 

9

5
(50oC)+32 =TF

122oF

122oF + 460 = 582oR



Absolute Pressure 

Gauge Pressure: Pressure on a gauge does not 

account for atmospheric pressure on all sides of the 

system measured in psi 

Absolute Pressure: Atmospheric pressure plus 

gauge pressure measured in psi 

 

 

 

Note: You must convert to Absolute BEFORE doing 

any other equations! 

 

Gauge+14.7psi = Absolute



Example: 

 The gauge reading on the pneumatic cylinder reads 120 

psi (lb/in2). What is the absolute pressure? 

 

120 psi +14.7 psi = 134.7 psi 



Boyle’s Law 

The volume of a gas at 

constant temperature 

varies inversely with the 

pressure exerted on it. 

p1 (V1) = p2 (V2)  
NASA 

 



Boyle’s Law Example 
A cylinder is filled with 40. in.3 of air at a pressure of 60. psi. 
The cylinder is compressed to 10. in.3. What is the resulting 
absolute pressure? 

p1 = 60. lb/in.2    V1 = 40. in.3  

p2 = ?    V2 = 10. in.3 

Convert p1 to absolute pressure. 

p1 = 60. lb/in.2 + 14.7 lb/in.2 = 74.7 lb/in.2 

1 1 2 2Formula (V ) (V )p p

 p3 3

22

lb
Sub / Solve 74.7 (40.in. ) (10.in. )

in.

2988 in 
3

. lb

10.in.
 p

22

 p 2

2 2

lb
Final 3.0 10

in



Charles’ Law 
Volume of gas 

increases or decreases 

as the temperature 

increases or decreases, 

provided the amount of 

gas and pressure 

remain constant. 

1 2

1 2

V V

T T


Note: T1 and T2 refer to 

absolute temperature. 

NASA 



Charles' Law Example 
An expandable container is 
filled with 28 in.3 of air and 
is sitting in ice water that is 
32°F. The container is 
removed from the icy water 
and is heated to 200.°F. 
What is the resulting 
volume? 
V1 = 28in.3 

V2 = ? 

T1 = 32°F 

T2 = 200.°F 

 

Convert T to absolute temperature. 

T1 = 32°F + 460.°F =492°R 

T2 = 200.°F + 460.°F =660°R 

 

 



Charles' Law Example 
An expandable container is 

filled with 28 in.3 of air and is 

sitting in ice water that is 

32°F. The container is 

removed from the icy water 

and is heated to 200°F. What 

is the resulting volume? 
V1 = 28in.3 

V2 = ? 

T1 = 32°F 

T2 = 200.°F 

 

Convert T to absolute temperature 

T1 = 32°F + 460.°F = 492°R 

T2 = 200°F + 460.°F = 660°R 

1 2

1 2

V V
Formula

T T


 3

2
Final V 38 in.


 



3

2

3

V28 in.
Sub / Solve

492 R 660. R

18480 in R

492 R


2
V



Gay-Lussac’s Law 
Absolute pressure of a gas 

increases or decreases as 

the temperature increases 

or decreases, provided the 

amount of gas and the 

volume remain constant. 

p p1 2

1 2T T


Note: T1 and T2 refer to absolute 

temperature. 

p1 and p2 refer to absolute 

pressure. 



Gay-Lussac’s Law Example 
A 300. in.3 sealed air tank is sitting outside. In the morning the 

temperature inside the tank is 62°F, and the pressure gauge reads 120. 

lb/in.2. By afternoon the temperature inside the tank is expected to be 

close to 90.°F. What will the absolute pressure be at that point? 

V = 300. in.3  T1 = 62°F 

p1 = 120. lb/in.2 T2 = 90.°F 

p2 = ? 

 

Convert p to absolute pressure. 

p1= 120. lb/in.2 + 14.7 lb/in.2  

= 134.7 lb/in.2 

 

Convert T to absolute temperature. 

T1 = 62°F + 460.°F = 522°R 

T2 = 90.°F + 460.°F = 550.°R 

p p1 2

1 2

Formula
T T



p 2

2
Final 140 lb / in.


 



p2

2

2

134.7lb / in.
Sub / Solve

522 R 550. R

74085 lb / in R

522 R
 p

2



Gay-Lussac’s Law Example 
A 300 in.3 sealed air tank is sitting outside. In the morning the 
temperature inside the tank is 62°F, and the pressure gauge 
reads 120 lb/in2. By afternoon the temperature inside the tank is 
expected to be closer to 90°F. What will the absolute pressure be 
at that point? 

p 2

2
Final 141.9 lb / in.

If the absolute pressure is 141.9 lb/in.2, what is 

the pressure reading at the gauge? 

141.9 lb/in.2 – 14.7 lb/in.2 = 127.2 lb/in.2 

                                               = 130 lb/in.2 



Name _______________________________         Date _____________ 
Review for Hydraulics and Pneumatics 

 
1. Equations Review: fill in the appropriate equations for each variable, then rewrite the equation 

using only the units of the variables that we have used in this unit. The first example is done for 
you: 

 
First Equation for Flow Rate 

𝑄 =
𝑉𝑜𝑙𝑢𝑚𝑒

𝑡𝑖𝑚𝑒
 𝑔𝑝𝑚 =

𝑔𝑎𝑙𝑙𝑜𝑛𝑠

𝑚𝑖𝑛𝑢𝑡𝑒𝑠
 

Second Equation for Flow Rate  
 
 

 

Flow velocity  
 
 

 

Pressure in terms of force and 
area 

 
 
 

 

Mechanical Advantage  
 
 
 

 

Conversion of Farenheit to 
Rankine 

 N/A 

Conversion of Celsius to 
Farenheit 

 
 
 
 

N/A 

Conversion of Celsius to Rankine  
 
 
 

N/A 
 

Conversion of gauge pressure to 
absolute pressure 

 N/A 

Relationship between pressure 
and volume with temperature 
held constant 

 
 
 
 

 

Relationship between volume 
and temperature with pressure 
held constant 

 
 
 
 

 

Relationship between pressure 
and temperature with volume 
held constant 

 
 
 
 

 

 
 
 
 



 
2. Bernoulli’s Principle: complete the statements 

a. The faster the fluid the (higher/lower) the pressure and the (hotter/colder) the 
temperature. 

b. The slower the fluid travels the (higher/lower) the pressure and the (hotter/colder) the 
temperature 

c. What can you change in order to get the fluid to travel faster and how do you change it? 
 
 
 

3. When turning on a 30 ft garden hose it is noted that it takes 10 seconds for the water to emerge 
from the other end of the spout.  Once the water leaves the hose it takes 120 seconds to fill a 300 
in3 volume bucket with water.   

a. Determine the flow velocity in in/min 
 
 
 
 
 
 
 

b. Determine the flow rate in gallons/minute 
 
 
 
 
 
 

c. Determine the area of the spout at the end of the hose. 
 
 
 
 
 
 

d. Determine the diameter of the spout. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4. Refer to the following diagram shown below. F1 is 30 lbs of effort, supplied at piston A1 that has a 
diameter of 5 inches. Piston A2 has a diameter of 30 inches.  

 
 
 
 
 
 
 
 

a. Determine the weight that can be lifted F2. 
 
 
 
 
 

b. Determine the mechanical advantage of the system. 
 
 
 
 
 

c. If we wanted the mechanical advantage to be 9, what must the output diameter of piston 
A2 be? 

 
 
 
 
 
 
 
 
 
 

 
5. A container is filled with 30. in.3 of air at a pressure of 75. psi. The cylinder is compressed to 10. 

in.3.  
a. What is the final absolute pressure? 

 
 
 
 
 
 
 

b. What is the resulting gauge pressure? 
 
 
 
 



6. A container is filled with 80 in.3 of air and is sitting in hot water at 120°F. The container is then 
placed in cold water and cooled to 45 oF.  

 
a. What is the resulting volume? 

 
 
 
 
 
 
 
 
 

7. A 400. in.3 sealed air tank is sitting outside in the cold. In the morning the temperature inside the 
tank is 3°C, and the pressure gauge reads 60. lb/in.2. By afternoon the temperature inside the tank 
is expected to rise to 10.°C.  

 
 

a. What will the final absolute pressure be? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. What will the final gauge pressure read? 
 

 
 



Name _______________________________         Date _____________ 
Test 

Hydraulics and Pneumatics 
 

 
1. In order to make a fluid travel faster one must: 

a. Increase the area of the cylinder it travels through to raise the pressure 
b. Decrease the area of the cylinder it travels through to raise the pressure 
c. Increase the area of the cylinder it travels through to lower the pressure 
d. Decrease the area of the cylinder it travels through to lower the pressure 

 
 

2. When turning on a 20 ft garden hose it is noted that it takes 8 seconds for the water to emerge 
from the other end of the spout.  Once the water leaves the hose it takes 250 seconds to fill a 450 
in3 volume bucket with water.   

a. Determine the flow velocity in in/min. You must show all work including equations and 
substitutions with units and final answer with units. 

Equation Correct Conversions and Substitutions with correct units Final Answer 
with units 

 
 
 
 
 
 
 
 
 
 

  

 
 

a. Determine the flow rate in gallons/minute. You must show all work including equations 
and substitutions with units and final answer with units. 
 

 
Equation Correct Conversions and Substitutions with correct units Final Answer 

with units 
 
 
 
 
 
 
 
 
 
 

  

 
 
 



 
 

b. Determine the area of the spout at the end of the hose. You must show all work including 
equations and substitutions with units and final answer with units. 
 

Equation Correct Conversions and Substitutions with correct units Final Answer 
with units 

 
 
 
 
 
 
 
 
 
 

  

 
 
 
 
 
 

c. Determine the diameter of the spout. You must show all work including equations and 
substitutions with units and final answer with units. 
 

 
Equation Correct Conversions and Substitutions with correct units Final Answer 

with units 
 
 
 
 
 
 
 
 
 
 

  

 
 
 
 
 
 
 
 
 
 
 



3. You have been asked to engineer a very large hydraulic press that works using the weight of the 
average person as the effort to lift a sports car. The average weight of a person is roughly 150 lbs 
for the effort, the average car weighs 4000 lbs and the diameter of the effort cylinder is 39 inches. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a. Determine the area of the ouput cylinder necessary to lift the car. You must show all work 
including equations and substitutions with units and final answer with units. 

 
Equation Correct Conversions and Substitutions with correct units Final Answer 

with units 
 
 
 
 
 
 
 
 
 
 

  

 
b. Determine the diameter of the output cylinder necessary to lift the car. You must show all 

work including equations and substitutions with units and final answer with units. 
 

Equation Correct Conversions and Substitutions with correct units Final Answer 
with units 

 
 
 
 
 
 
 
 
 
 

  

 



a. Determine the mechanical advantage. You must show all work including equations and 
substitutions with units and final answer with units. 
 

 
Equation Correct Conversions and Substitutions with correct units Final Answer 

with units 
 
 
 
 
 
 
 
 
 
 

  

 
 

4. A container is filled with 20. in.3 of air at a pressure of 80. psi. The cylinder is compressed to 30. 
in.3.  

a. What is the final absolute pressure? You must show all work including equations and 
substitutions with units and final answer with units. 

 
Equation Correct Conversions and Substitutions with correct units Final Answer 

with units 
 
 
 
 
 
 
 
 
 
 

  

 
a. What is the resulting gauge pressure? You must show all work including equations and 

substitutions with units and final answer with units. 
 

Equation Correct Conversions and Substitutions with correct units Final Answer 
with units 

 
 
 
 
 
 
 
 
 

  



 
5. A container is filled with 60 in.3 of air and is sitting in hot water at 110°F. The container is then 

placed in cold water and cooled to 65 oF.  
 

a. What is the resulting volume? You must show all work including equations and 
substitutions with units and final answer with units. 
 

 
Equation Correct Conversions and Substitutions with correct units Final Answer 

with units 
 
 
 
 
 
 
 
 
 
 

  

 
6. A 200. in.3 sealed air tank is sitting outside in the cold. In the morning the temperature inside the 

tank is 8°C, and the pressure gauge reads 80. lb/in.2. By afternoon the temperature inside the tank 
is expected to rise to 20.°C.  

 
 

a. What will the final absolute pressure be? You must show all work including equations and 
substitutions with units and final answer with units. 
 

 
Equation Correct Conversions and Substitutions with correct units Final Answer 

with units 
 
 
 
 
 
 
 
 
 
 

  

 
 

 
 
 
 
 

 



Trusses 
 
Curricular Goals: 
The students will be able to: 

 Use equilibrium formulae to calculate external and internal forces 
 Use trigonometry to create shortcuts in solving internal member forces 
 Use computer technology to recreate and check truss calculations 
 Create a truss from balsa wood and test it to failure 

 
Learning Standards: 

 Key idea: Engineering design is an iterative process involving modeling and optimization used to 

develop technological solutions to problems within given constraints. 

 Key idea: Technological tools, materials, and other resources should be selected on the basis of 

safety, cost, availability, appropriateness, and environmental impact; technological processes 

change energy, information, and material resources into more useful forms. 

 Key idea: Computers, as tools for design, modeling, information processing, communication, and 

system control, have greatly increased human productivity and knowledge. 

 Key idea: Technological systems are designed to achieve specific results and produce outputs, 

such as products, structures, services, energy, or other systems. 

 Key idea: Technology has been the driving force in the evolution of society from an agricultural to 

an industrial to an information base. 

 Key idea: Technology can have positive and negative impacts on individuals, society, and the 

environment and humans have the capability and responsibility to constrain or promote 

technological development. 

 Key idea: Project management is essential to ensuring that technological endeavors are profitable 

and that products and systems are of high quality and built safely, on schedule, and within budget. 

 
Standards for English Language Arts 

 Standard 4: Students adjust their use of spoken, written, and visual language (e.g. conventions, 
style, vocabulary) to communicate effectively with a variety of audiences and for different 
purposes. 

 Standard 5: Students employ a wide range of strategies as they write and use different writing 
process elopements appropriately to communicate 
 

Common Core Standards: 
o CSS.ELA-Literacy.RST.11-12.1 
o CSS.ELA-Literacy.RST.11-12.7 

 
Misconceptions: 

 Students often have trouble writing the expressions for vertical and horizontal components even 
after practicing this. Once all steps are put together they forget how to create the expressions 
correctly. 

 When there’s more than one horizontal force in addition to the horizontal component, students 
often think they are the same and don’t separate them. 

 
 



Daily Lesson Overviews: 
 
A full lesson plan is provided for Day  
 
Day 1: 

 Aim: Introduction to Trusses 
 Materials: PowerPoint entitled “1-Trusses”, the handout entitled “2-Notepacket Trusses”  (if you 

choose to use it) 
 Motivation:  Talk about learning the basics of trusses to do hands on projects  
 Procedure: 

o Go through the PowerPoint with the students allowing students to do the “recall” practice 
problems on their own. 

o Allow students the opportunity to complete the calculations and problem set up on their 
own 

o Stop at the beginning of Statically Determinant. 
Day 2: 
 

 Aim: Introduction to Trusses 
 Materials: PowerPoint entitled “1-Trusses”, the handout entitled “2-Notepacket Trusses”  (if you 

choose to use it) 
 Motivation:  Talk about learning the basics of trusses to do hands on projects  
 Procedure: 

o Go through the PowerPoint with the students allowing students to predict the directions of 
moments about a pin or roller. 

o Allow students the opportunity to complete the calculations and problem set up on their 
own 

o Stop at the after the first practice problem for external forces. 
o Allow students to complete the last of the practice problems on their own. Check their 

work for credit and only give credit when all answers are correct. 
 
Day 3: 
 

 Aim: Practice External Forces on a Truss 
 Materials: PowerPoint entitled “1-Trusses”, the handouts entitled “2-Notepacket Trusses”  (if you 

choose to use it) and “3-External Forces on a Bridge”. 
 Motivation: Group Work 
 Procedure: 

o Students are to work in group of no more than 3 students going through the 3 practice 
problems in their note packet.  

o When they are done with the 3 problems they are to show the teacher their work and check 
their answers. Only if the work is correct they wll receive credit. If it is not correct they 
should find their mistakes and fix it before receiving credit.  

o The students are then to move onto worksheet #3 where they will outline and highlight all 
steps in their engineer’s notebooks. 

o  Inform the students that they must show all work including equations and units with their 
substitutions. They should also include drawings including dimensions of the original truss 
and the final truss with the corrected forces and directions. 

o Their notebooks will be checked for completeness and the answers must be correct for full 
credit. You may choose to inform the students if their answers are correct or not before 
they hand it in to ensure they fix their mistakes. 



 Homework tonight:  
o Finish practice problems if you are not done. 

 
Day 4: 

 Aim: Introduction to Internal Forces 
 Materials: Handout entitled “4-Introduction into internal forces in a truss” 
 Motivation: group work 
 Procedure: 

o Allow students to work individually on the worksheet. (If students work together they may 
miss the point of the assignment) 

o There is no calculator necessary, they are to only create expressions in terms of sine and 
cosine for the vectors. 

o Students should follow instructions on the worksheet. 
o After the first few examples students do not need to write out the entire equation, when 

they see the pattern they can skip steps to the final answers which should include the 
correct direction of vector components as well as a correct sine and cosine expression. 

o When students are done they should share with the teacher and each other the shortcuts 
they should have come to: 

 When the angle is measured to the horizon, x component is Force(cosine angle); the 
y components is Force(sine angle). 

Day 5: 
 Aim: Internal Forces continued… 
 Materials: PowerPoint entitled “1-Trusses”, the handout entitled “2-Notepacket Trusses”  (if you 

choose to use it) 
 Motivation:  Talk about learning the basics of trusses to do hands on projects  
 Procedure: 

o Go through the PowerPoint with the students allowing students to do the “recall” practice 
problems on their own. 

o Allow students the opportunity to complete the calculations and problem set up on their 
own 

o Stop at the beginning of the Practice section. 
 

Day 6 
 Aim: Practice: 
 Materials: handout entitled “2- notepacket Trusses”  (if you choose to use it) 
 Motivation:  group work 
 Procedure: 

o Allow students to work together going through all of the practice problems from set up to 
calculation. 

o Walk around the room to ensure that all students are on task 
o Do not allow students to receive credit unless all answers are correct.  

 Homework: If you haven’t finished the practice it should be done at home. 
 
Day 7-17: 

 Aim: Putting it all together 
 Materials: handout entitled “5-step by step truss system” Balsa wood, rulers, protractors, 

computers with java, wax paper, glue, corrugated cardboard sheets, pins for construction 
 Motivation: group work 
 Procedure:  

o Allow students to work together following the steps outlined in sheet #5. 



o All work and sketches should be drawn out in their engineer’s notebook. 
o Remind students that this will be graded for completeness and work must be correct 
o After students do all calculations and drawings they should then move onto the computer 

simulation. 
o Students will then create the truss on the computer simulation and use the answers from 

the simulation to check their work. 
o Students will now draw the diagram to scale for their balsa wood design. 
o Students should research how to make the best connections for the joints before creating 

their balsa wood truss. 
o They will now follow the steps to create their truss out of balsa wood. 
o This will take a few days. 
o Students will then follow the steps to testing the truss design. 
o This is review for your test. 

 
Day 18: 

 Aim: Assessment on Trusses 
 Materials: “6-test new”, Calculators (students should have their own), Reference Tables. 
 Motivation: this is a graded assessment of their knowledge of trusses. 
 Procedure: 

o Students should be spaced out and equipped with reference tables and calculators 
o Walk around the room to ensure that all students are focused and on task. 
o Ensure that all students realize they will lose points if they do not show their equation and 

substitution with units and final answer with correct units. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Day 7-17 Lesson Plan (10 days is estimated but this may take longer for all parts) 
 
Unit: Trusses 
 
Lesson: Putting it all together 
 
Goals: 

 Allow students to use a hands-on activity to create and test truss structures. 
 Students will practice solving for external and internal forces in a truss.  
 Students will work in groups and come to conclusions based on their investigations. 

 
Learning Standards: 

 Key idea: Engineering design is an iterative process involving modeling and optimization used to 

develop technological solutions to problems within given constraints. 

 Key idea: Technological tools, materials, and other resources should be selected on the basis of 

safety, cost, availability, appropriateness, and environmental impact; technological processes 

change energy, information, and material resources into more useful forms. 

 Key idea: Computers, as tools for design, modeling, information processing, communication, and 

system control, have greatly increased human productivity and knowledge. 

 Key idea: Project management is essential to ensuring that technological endeavors are profitable 

and that products and systems are of high quality and built safely, on schedule, and within budget. 

Common Core Standards: 
o CSS.ELA-Literacy.RST.11-12.7 

 
Essential Questions: 

 What affects the stability of a truss? 
 How can you calculate everything within a truss? 

 
Misunderstandings: 

 Students will have trouble with internal forces. These calculations take a lot of time and patience. 
 
Vocabulary: 
Joints, members, Nodes, statically determinant,  
 
Aim: 
Can you create a sturdy truss? 
 
Materials: 

 Sheet “5-Step by step truss system” 
 Balsa wood 
 Rulers 
 Protractors 
 Computers with Java 
 Wax paper 
 Glue 
 Corrugated cardboard sheets 



 Pins for construction 
 
Procedure: 

 Allow students to work together following the steps outlined in sheet #5. 
 All work and sketches should be drawn out in their engineer’s notebook. 
 Remind students that this will be graded for completeness and work must be correct 
 When groups are done the teacher should check their work to be sure that their work is correct 

before moving onto the computer simulation. 
 Allow students to log into computers and locate the correct website. 
 Students should create the truss shown using the simulation. They need to make sure that the 

nodes are placed in the correct spot to ensure that the members are at the correct angles. 
 Students will then create the truss on the computer simulation and use the answers from the 

simulation to check their work. 
 Students will now draw the diagram to scale for their balsa wood design. 
 Students should research how to make the best connections for the joints before creating their 

balsa wood truss using the website noted in the worksheet. Certain connections are better for 
tension and others are better for compression. 

 They will now follow the steps to create their truss out of balsa wood. This will take a few days. 
 Students will then follow the steps to testing the truss design. The truss should be supported on 

both sides while a flat-bottomed bucket is tied to the center. Add water in the appropriate 
increments to test and record the weight of the water that breaks the truss. 

 Students should then complete their notebooks and write out their conclusions in full sentences. 
 This is review for your test. 

Assessments: 
Student work will be graded from their engineer’s notebook.  
A summative assessment will be done in class following this activity. 
 
 
 



Trusses 



What is a Truss? 

A framework that  
supports roofs,  
bridges or other  

structures. 



Recall 
• Solve for F1 and R for the following beam. F1 is 

unknown, F2 = 10 lb, R = unknown, F3 = 10 lb, F4=2 lb. 

X2=2 ft, d=4 ft, X3=5 ft, and X4 = 9 ft. 

 

 

 



M
F1

å = 0

-(F2 ´ x2 )- (R´ d)+ (F3 ´ x3)- (F4 ´ x4 ) = 0

-(10 ´ 2)- (R´ 4)+ (10 ´ 5)- (2´ 9) = 0

-4R+12 = 0

R = 3lb
FYå = 0

-10 -3+10 - 2 -F1 = 0

F1 = -5lb

F1 = 5lb(up)



Pin Connections between 
members of a Truss 

A pin is a fixed support on 
a truss. With this kind of 
support the truss cannot 

move up or down, nor left 
or right.  The pin fixes the 
truss to a single location 

and does not let it move at 
all. 



 

• Since the pin keeps the member from moving both laterally and 
vertically it is supplying TWO Reaction Forces. If the member feels 
pulled left the pin reacts by pushing it right. If the member feels pulled 
up, the pin reacts by pulling it back down. It’s main job is to keep the 
member from moving at all.  

Pin Support 

A RFAX 

RFAY 

Reaction  

Force Joint / Pin A 

Y Direction 

Reaction  
Force 

Joint / Pin A 

X Direction 

A 

Pin Representation 



Roller Connection between 

members of a Truss 
 A roller is a support on a 

truss that does not transfix 
the truss to a single 

location, it only supports 
in in one direction. In this 

case the truss is able to 
expand left and right but 
it is supported vertically.  



• Since the Roller only supports the member in one direction but 

allows the member to expand and contract in the other direction 

we will replace the roller with only ONE Reaction Force in the 

direction of support. The other direction does not have a reaction 

force because it is able to move freely in that direction.  

Roller Support 

A A 

RFAY 
Y Direction 

Reaction  
Force 

Joint / Roller A 

Why does the roller shown above not have a horizontal reaction? 

Roller Support 



For Example 
• Draw a Free Body Diagram (a diagram of only the 

forces acting on the object including the directions) 

of the beam shown below. Be sure to include 

correct labels. 



Statically Determinant 
• Before attempting any truss calculations you must 

first see if the truss is “statically determinant”. This 

means that you can solve for missing forces in the 

truss mathematically using the equilibrium formulae: 

Moments = 0å

Fx = 0å

Fy = 0å

Equilibrium Formulae: 
Statically Determinant Formula: 
 

2J=M+R 
 
J= # of joints 
M= # of Members 
R= # of reaction forces 



Solving Trusses Step 1 
First draw a Free Body diagram of the following 

truss. Keep in mind to keep all original forces and 
include reaction forces.  

4’ 4’ 5’ 5’ 

9’ 



• FBD of the entire truss bridge 

Truss Bridge FBD 

B 
C 

D E 

500 lbf 

RFAX 

RFAY RFCY 

1000 lb 

20 lb 

4’ 4’ 5’ 5’ 

9’ 



Solving Trusses Step 2 
• Prove that the Truss is statically determinant 

B 
C 

D E 

500 lbf 

RFAX 

RFAY RFCY 

2J=M+R 

5 Joints total 

7 Members total 

3 Reaction Forces total 

2(5)=7+3 
10=10 ✓ 

Now we are ready to solve 



What is Equilibrium? 
•The state of a body or physical system at rest or 
in un-accelerated motion in which the resultant of 
all forces acting on the body is zero. The sum of 
all moments about any point or axis is zero. There 
are 3 equilibrium formulae:  

ΣFx = 0 

Fx1 + Fx2 + Fx3 . . . = 0 

 ΣM = 0 

M1 + M2 + M3 . . . = 0 

 

ΣFy = 0 

Fy1 + Fy2 + Fy3 . . . = 0 

 



Recall Moments: 

List out all of the moments with reference to Pin 
A: 

RFAx 

 

RFAy 

 

20 lb 

 

500 lb 

 

1000 lb 

 

RFCy 

0 ft lb. If the force is acting ON the point then there is no 

distance to calculate M=Fd so there is no moment.  

0 ft lb. If the force is acting ON the point then there is no 

distance to calculate M=Fd so there is no moment.  

CW (negative 

moment) 

CW (negative 

moment) 

CW (negative 

moment) 

CCW (positive 

moment) 



List out all the moments that each force 

creates with reference to roller C. 

RFAx 

 

RFAy 

 

20 lb 

 

500 lb 

 

1000 lb 

 

RFCy 

CW (negative moment) 

0 ft lb. This force has no 

perpendicular distance away 

therefore cannot cause 

rotation. 

CCW (positive moment) 

CCW (positive moment) 

CW (negative moment) 

0 ft lb. This force has no 

perpendicular distance away 

therefore cannot cause 

rotation. 



Solving Trusses Step 3 
• Usually a good idea to sum the moments about the 

pin since it has 2 reactions. 

Må
pinA

= 0 = -20lb(4 ft)-500lb(8 ft)-1000lb(9 ft)+RFCY (18 ft)

4’ 4’ 5’ 5’ 

9’ 

RFCY = 726.67lb



Solving Trusses Step 4 
• Now that there is only 1 vertical force left to solve 

for we can use the sum of the forces formula: 

Få
Y

= RFAY -20lb-500lb+ 726.67lb = 0

RFAY = -206.67lb

RFAY = 206.67lbdown



Solving Trusses Step 5 
• There are only 2 forces horizontally. They must be 

equal: 

Få
X

= RFAX +1000lb = 0

RFAX = -1000lb

RFAY =1000lbleft



Final Step 
• Now that you have solved for all of the external 

forces on the truss you should redraw the truss and 

include correct direction of arrows and values: 

1000 lb 

206.67lb 

726.67lb 



Practice 1: 



Practice 2: 

Wall 

600 lb 

5 ‘ 8’ 

10’ 

When a truss is only fixed 
on one end it is said to be a 

cantilever.   
For the following 

cantilever solve for the 
reactions at the pin and the 

roller. 



Practice 3: 

Solve for the 
reactions at 
the pin and 
the roller. 



Recall Vectors and Scalars 
I am pushing 
a box with a 
FORCE of 10 

Newtons 

I can represent the FORCE as a line with an 
arrow. This shows the force’s magnitude and 

direction. 

Therefore, is FORCE a VECTOR OR SCALAR? 



Recall Vectors and Scalars 

I woke up on a 
Saturday morning 

and my alarm clock 
said this TIME: 

I cannot draw a line with an arrow for this one, there is 
no direction. 

Therefore, TIME is VECTOR or SCALAR? 



Recall Equilibrium: Fill in the 

missing forces that bring the object to Equilibrium 

50 lb 20 lb 

50 lb 
20 lb 

50 lb 

20 lb 

50 lb 

F=? 

F=? 

F=? 

F=? 

F=? 

F=? 

F=30 lb F=30 lb 

F=50 lb 

F=20 lb 

Wait…  
What? 



Internal Forces on a Truss 
• Before attempting internal forces you MUST come 

up with a shortcut for breaking down vectors at 
angles.  

• After completing the introduction to internal forces 
on a truss, complete the statements below. 

 

1. When a vector is at an angle the first thing you 
always do is: 

2. For the horizontal component of the vector we will 
use: 

3. For the vertical component of the vector we will 
use: 



Apply what you discovered on 

the previous problem: 

50 lb 

FR 

FAB=? 

θ=35o 

FAB cos 35o( ) = Fx

FAB sin 35o( ) = Fy

50 lb 

FR 

FABsin(35o) 

FABcos(35o) 

Now Redraw the 
diagram replacing any 
vector at an angle with 

it’s components 



Now this should look 
familiar!!! 

50 lb 

FR 

FABsin(35o) 

FABcos(35o) 

Just as the last example:  
 The right force = the left force 
 The up force = the down force 
…LET’S SOLVE! 

FXå = 0® 50lb-FAB cos 35o( ) = 0®FAB = 61.04lb

Fyå = 0® FR +FAB sin 35o( ) = 0

FR + (61.04lb)sin 35o( ) = 0® FR = -35.01lb



Don’t forget to Redraw! 

50 lb 

FR= 35.01 lb 

Negative force means flip the direction 

FAB= 61.04 lb 



Apply this to a Truss 
STEP 1: Zoom in 
on Point C and 

Draw all the 
internal forces 

acting on it. 

RFCY = 726.67 lb 

FCD=? 

FCB=? 



KEEP IN MIND… 

RFCY = 726.67 lb 

FCD=? 

FCB=? 

1.  Name a force by the letters 
that make up the member 

2.  You don’t know which direction 
the force will point. You start out 
with assuming that the forces are 
pulling away from the point. This 
is called tension. Tension meaning 
a state of being stretched.  

3.  If the force you solve comes out negative, 
you flip the direction and it changes from 
tension to compression. Compression meaning 
a state of being compressed. 



Internal Forces Second 
step: 

RFCY = 726.67 lb 

FCD=? 

FCB=? 

We have to get rid of 
the vector at the 

angle, but we need 
the angle first!! 

Use your knowledge 
of trigonometry to 

solve for that angle! 
Hint: You know the 

dimensions… 



Second step continued… 

9’ 

5’ 

Use the dimensions of the right triangle that 
make up this angle so we can use 

SOH CAH TOA 

tanq =
opp

adj
=

9 ft

5 ft
= 60.95o



Internal Forces Third 
Step:  

RFCY = 726.67 lb 

FCD=? 

FCB=? 

Redraw the vector at an 
angle with it’s 
components 

RFCY = 726.67 lb 

FCB=? 

FCDcos(60.95o) 

FCDsin(60.95o) 



Internal Forces Fourth 
Step: 

RFCY = 726.67 lb 

FCB=? 

FCDcos(60.95o) 

FCDsin(60.95o) 
Use the vertical forces first 
because there is one that 

you know. 

Fy = 0 = FCD sin(60.95o)+ 726.67lb = 0®å FCD = -831.24lb



Internal Forces Fifth Step: 

RFCY = 726.67 lb 

FCB=? 

FCDcos(60.95o) 

Fx = 0 = -FCD cos(60.95o )-FCB = 0å

FCDsin(60.95o) 

Fx = 0 = -(-831.24lbcos(60.95o))-FCB = 0®å FCB = 403.63lb



Internal Forces Final Step: 

RFCY = 726.67 lb 

403.63 lb 

-831.24 lb Fix the negatives by making 
them positive and flipping 

the vectors 

RFCY = 726.67 lb 

403.63 lb 
tension 

831.24 lb compression 

When a member force points away 
from the joint it is considered 

tension 

When a member force points towards toward 
the point it is considered compression 

Reaction forces are not considered tension or compression. 



Practice 1: 

Solve for the 
internal forces in 
members BD and 
CD. (You know 

the reaction force 
at the roller). 



Practice 2 

Solve for the internal 
forces in the 

members AB and BC 
attached to the 600 
lb external force. 

A 

B 

C 



Practice 3: 

Solve for the internal 
forces in the 

members AB and 
AC. (You know the 
reaction force at the 

roller). 
 



Practice 4: 

Solve for the internal 
forces in the 

members DE and 
CE. (You know the 

reaction forces at the 
pin). 

 



Putting it all together 

1. Prove that the following truss 
is statically determinant. 

2. Solve for the reaction forces at 
the pin and the roller. 

3. Zoom in on the pin and solve 
for the internal forces in 
members AE and AB. Label 
whether they are compression 
or tension. 

4. Zoom in on the roller and solve 
for the internal forces in 
members FD and CD. Label 
whether they are compression 
or tension. 

 



Name __________________________________        Date ____________ 
Trusses Note Packet 

What is a truss? 
 
 
 
 
 
 
 
 
Recall: 

• Solve for F1 and R for the following beam. F1 is unknown, F2 = 10 lb, R = unknown, F3 = 10 lb, F4=2 
lb. X2=2 ft, d=4 ft, X3=5 ft, and X4 = 9 ft. 

 
 
 
 
 
 
 
 
 
 
 
Pin Connections between members of a Truss 

 A pin is a ____________________________________________________________. 
With this kind of support the truss cannot move up or down, nor 
left or right.  The pin fixes the truss to a single location and does 
not let it move at all. 

 
 
 
 

• Since the pin keeps the member from ____________________________________________________________________  
 
____________________________________________________________________________________________. If the member 
feels pulled left the pin reacts by pushing it right. If the member feels pulled up, the pin reacts by 
pulling it back down. It’s main job is to keep the member from moving at all.  

 
 
 
 
 
 
 
  
 
 
 
 



Roller Connection between members of a Truss 
 
A roller is a support on a truss that ________________________________________________________________________________  
 
______________________________________________________________________________________________________________________. 
In this case the truss is able to expand left and right but it is supported vertically.  
 
 
 
 
 
 
 

 
 

 
 

 
• Since the Roller _______________________________________________________________________  

 
______________________________________________________________________________________________________________  
 
______________________________________________________________________________________________________________. 
The other direction does not have a reaction force because it is able to move freely in that 
direction.  

For Example: 
• Draw a Free Body Diagram (a diagram of only the forces acting on the object including the 

directions) of the beam shown below. Be sure to include correct labels. 
 
 
 
 
 
 
 
 
Statically Determinant: 

• Before attempting any truss calculations you must first see if the truss is “statically determinant”. 
This means that you can solve for missing forces in the truss mathematically using the equilibrium 
formulae: 

Statically Determinant Formula:       Equilibrium Formulae: 
 
 
 
 
 
 
 
 
 
 



Solving Trusses Step 1: 
First draw a Free Body diagram of the following truss. Keep in mind to keep all original forces and 
include reaction forces.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Solving Trusses Step 2: 

• Prove that the Truss is statically determinant 
 
 
 
 
 
What is Equilibrium? 

• The state of a body or physical system at rest or in un-accelerated motion in which the resultant of 
all forces acting on the body is zero. The sum of all moments about any point or axis is zero. There 
are 3 equilibrium formulae:  

 
 
 
 

 
 
 
List out all of the moments with reference to Pin A: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

ΣM = 0 

M
1
 + M

2
 + M

3
 . . . = 0 

ΣFx = 0 

Fx
1
 + Fx

2
 + Fx

3
 . . . = 0 

ΣFy = 0 

Fy
1
 + Fy

2
 + Fy

3
 . . . = 0 

RFAx 
 

RFAy 
 

20 lb 
 

500 lb 
 

1000 lb 
 

RFCy 
 



List out all the moments that each force creates with reference to roller C. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Solving Trusses Step 3 

• Usually a good idea to sum the moments about the pin since it has 2 reactions. 
 
 
 
 
 
 
 
Solving Trusses Step 4  

• Now that there is only 1 vertical force left to solve for we can use the sum of the forces formula: 
 
 
 
 
 
 
Solving Trusses Step 5: 

• There are only 2 forces horizontally. They must be equal: 
 
 
 
 
 
 
Final Step: 

• Now that you have solved for all of the external forces on the truss you should redraw the truss 
and include correct direction of arrows and values: 

 
 
 
 
 
 
 
 

RFAx 
 

RFAy 
 

20 lb 
 

500 lb 
 

1000 lb 
 

RFCy 
 



Practice 1: Solve for all external forces: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Practice 2: 
When a truss is only fixed on one end it is said to be a _________________________________.   
For the following cantilever solve for the reactions at the pin and the roller. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



Practice 3:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Recall Vectors and Scalars 
I am pushing a box with a FORCE of 10 Newtons 
 
I can represent the FORCE as a line with an arrow. This shows the force’s ____________________________  
 
_____________________________________. 
 
Therefore, is FORCE a VECTOR OR SCALAR? 
 
I woke up on a Saturday morning and my alarm clock said this TIME:  
 
I cannot draw a line with an arrow for this one, there is no direction. 
 
 
Therefore, TIME is VECTOR or SCALAR? 
 
 
Recall Equilibrium: 
 

  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 



Internal Forces on a Truss: 
 

1. When a vector is at an angle the first thing you always do is: 
 
 
 

2. For the horizontal component of the vector we will use: 
 
 
 

3. For the vertical component of the vector we will use: 
 
 
 
 
Apply what you’ve discovered: 
Now Redraw the diagram replacing any vector at an angle with it’s components and solve for the missing 
force: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Apply this to a truss: 
 

STEP 1: Zoom in on Point C and Draw all the internal forces acting on it. 
 

 
 
 
 
 
 
 
 
 
  
 
 



Keep in mind: 
1. Name a force by the letters that make up the member 
2. You don’t know which direction the force will point. You start out with assuming that the forces  

 
are pulling away from the point. This is called tension. __________________________________________________  
 
________________________________________________________________________. 

3. Ifthe force you solve comes out negative, you flip the direction and it changes from tension to  
 
compression. ________________________________________________________________________________________________. 

Internal Forces Second step: 
Use your knowledge of trigonometry to solve for that angle! Hint: You know the dimensions… 
 
 
 
 
 
 
 
 
 
 
Internal Forces Third Step: 
Redraw the vector at an angle with it’s components 
 
 
 
 
 
 
 
 
Internal Forces Fourth Step: 
Use the vertical forces first because there is one that you know. 
 
 
 
 
 
 
 
 
 
 
Internal Forces Fifth Step: 
 
 
 
 
 
 



Internal Forces Final Step: 
 Fix the negatives by making them positive and flipping the vectors 
 When a member force points away from the joint it is considered tension 
 When a member force points towards toward the point it is considered compression 
 Reaction forces are not considered tension or compression. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Practice 1: 
Solve for the internal forces in members BD and CD. (You know the reaction force at the roller). 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 



Practice 2: 
Solve for the internal forces in the members AB and BC attached to the 600 lb external force. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Practice 3: 
Solve for the internal forces in the members AB and AC. (You know the reaction force at the roller). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Practice 4: 
Solve for the internal forces in the members DE and CE. (You know the reaction forces at the pin). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Putting it all together: 
 

1. Prove that the following truss is 
statically determinant. 

2. Solve for the reaction forces at the 
pin and the roller. 

3. Zoom in on the pin and solve for 
the internal forces in members AE 
and AB. Label whether they are 
compression or tension. 

4. Zoom in on the roller and solve for 
the internal forces in members FD 
and CD. Label whether they are 
compression or tension. 



External Forces on a Bridge 

1. Complete a-d in your engineer’s notebook for the following truss: 

    

 B  150 lb 

 

 30 ft 

 

 

 A 25 ft 12 ft 25 ft D 

 F E 

 

 500 lb 

 750 lb 

a) USE PENCIL FOR THIS PART. Draw the FBD of the truss system above in your engineer’s notebook. Label all 

forces and dimensions.  

b) Solve for the vertical reaction at point F. After it is solved fix the direction of the arrow in your diagram if it is 

incorrect and label the new value. 

c) Solve for the horizontal reaction at point E. After it is solved fix the direction of the arrow in your diagram if 

it is incorrect and label the new value. 

d) Solve for the vertical reaction at point E. After it is solved fix the direction of the arrow in your diagram if it is 

incorrect and label the new value. 

 

2. Complete a-d in your engineer’s notebook for the following truss: 

 2 ft 200 lb 

 

 8 ft 

 

 

 6 ft 6 ft 

 350 lb 

C 

a) Draw the FBD of the truss system in 

your engineer’s notebook in pencil. Be 

sure to include all labels and 

dimensions. 

b) Solve for the vertical reaction at roller A. 

After it is solved fix the direction of the 

arrow in your diagram if it is incorrect 

and label the new value. 

c) Solve for the vertical reaction at pin D. 

After it is solved fix the direction of the 

arrow in your diagram if it is incorrect 

and label the new value. 

d) Solve for the horizontal reaction at pin 

D. After it is solved fix the direction of 

the arrow in your diagram if it is 

incorrect and label the new value. 

 



Introduction into internal forces in the truss: 

In order to move on in this unit you will need to be savvy on your trigonometry for solving for horizontal and vertical 

components: 

Component: 

If a force is NOT horizontal or vertical, but in fact, a combination of both, you will use trigonometry to determine exactly 

how much is horizontal and how much is vertical. First step, for each vector you will do the following: 

1. Determine the angle measured to the imaginary horizon (this is usually given to you, but you should make sure 

it’s not measured to the vertical) 

2. Draw in the components (horizontal and vertical) 

3. Determine an expression in terms of sine and cosine for each component. 

4. Take away the original force and replace it with the appropriate expressions. 

Example: 

Original Problem:  

 FAB 

 

 

 

 

Final Answer: 

 

 

 

 

 

 

 

 

 

 

 

 

40o 

Step 1: Determine the angle to the horizon. I notice that this angle is 

measured to the vertical. So this vector is 40o to the vertical BUT 50o to the 

horizon (90-40=50) 

Step 2: Draw in the components. Since this vector is point north east, my 

vertical component is north and my horizontal component is east 

 

                                       FAB 

 

 

 

 

Step 3: Determine an expression for the horizontal and vertical 

components. Set up sine and cosine formulae.  Remember SOHCAHTOA 

sin50𝑜 =
𝐹𝐴𝐵𝑌

𝐹𝐴𝐵
 ; Rearranging creates FABY = FAB sin 50o 

 

cos 50𝑜 =
𝐹𝐴𝐵𝑋

𝐹𝐴𝐵
 ; Rearranging creates FABX=FABcos50o 

 

Step 4: Take away the original force and replace it with the expressions. 

Final drawing is on the left 

FABY = Vertical component 

pointing north. 

FABX = Horizontal 

component pointing east. 

50o 

FAB cos 50o 

FAB sin 50o 



Determine the final answer of the following problems: 

Original Force Final drawing showing correct direction of 
components and the correct sin/cos expressions 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

30o 

40o 

35o 

60o 

FCD 

FBC 

FAB 

FEF 



 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

25o 

55o 

25o 

75o 

FCD 

FBC 

FAD 

FAC 



Step by Step Truss System 
 

Objective: 
This step-by-step truss system is designed to walk you through solving for all external and internal forces within 

a truss using a systematic approach 

Equipment 

 Straight edge 

 Calculator  

 Pencil 

 Engineer’s Notebook 

Background on Statically Determinant:  

 A statically determinate structure is one that can be mathematically solved. (Basically, we can use our 

3 equilibrium formulas to solve).  To prove this use the equation of 2J=M+R. This is saying that two 

times your number of joints is equal to the members plus reaction forces. Note that external forces are 

not part of this equation! Only reaction forces at the roller and pins! 

o Practice (draw and answer in your notebooks): is the following truss statically determinant? 

o How can you make the truss statically determinant? (answer in your notebooks) 

 

 

 

 

Procedure 

In this activity you will calculate reaction and member forces for the truss system illustrated below. It is 

essential to follow each step within the procedure to ensure proper calculations and free body diagrams. 

YOU ARE TO SOLVE EACH STEP AND LABEL EACH IN YOUR NOTEBOOKS AS “STEP 1, 2, etc..”   

 

 
 



 

Steps to Calculate External Reaction Forces (Before beginning these steps you should have the 

background to static determinancy questions answered already and drawn out in your notebooks) 

1. Label a new page in your engineer’s notebook “Step by Step Truss”.  Then draw diagram shown 

above (exactly as shown) in your notebooks. 

2. Show your work: Use the equation to prove that the structure drawn above is statically determinant: 

3. Show your work: Solve for the angle that member AD makes with the horizontal 

4. Show your work:  Solve for the angle that member EC makes with the horizontal 

5. Show your work:  Solve for the angle that member BE makes with the horizontal 

6. Show your work:  Solve for the angle that member BD makes with the horizontal 

7. Show your work:  Using alternate interior angles determine the angle that DB and EB make with 

the horizon. 

8. Draw a free body diagram for the entire truss structure illustrated above replacing pins and 

rollers with their reaction forces. Include all dimensions and forces including the direction. Label all 

angles that were just solved for. 

9. Show all of your work to solve for the reaction forces at both the pin and the roller using the static 

equilibrium equations.  

10. Draw a corrected diagram of the truss system shown above with corrected directions for all 

forces including correct values. (This diagram will be updated with your internal forces later on. Be 

sure that it is a clear diagram with room for additions… should be on its own page and landscape 

(shows room for me to grade and see the values you write in). 

    

 

Steps to Calculate Individual Truss Member Forces 

11. Zoom in on Joint A and draw the free body diagram including angles and correct labels of reaction 

forces you just solved for.  

12. Show your work:  Show all of your work to solve for FAD and FAB. Note if they are tension or 

compression. 

13. Go back to Diagram 10 and update internal forces in members AD and AB indicating 

direction. NOTE the force in member AD is the same coming from A as it is from D. For example: 

if you solve for FAD to be 100lb tension then it is also 100 lb tension coming from point D as well.  

Therefore, when you draw in FAD you should have a force on point A as well as point D: 

a. Example (not actual values):         or  

  D  

  100 lb tension   100 lb compression 

 

  A    100 lb tension 

  100 lb compression 

 

 



14. Zoom in on Joint C and draw the Free Body diagram including angles and correct labels of 

reaction forces you just solved for in step9. 

15. Show all of your work to solve for FEC and FBC. Note if they are tension or compression. 

16. Go back to Diagram 10 and update internal forces in members EC and BC indicating direction. 

Update the forces coming from point E and from point B as well.  

17. Zoom in on Joint E and draw the Free Body diagram including angles and correct labels of 

member forces you just solved for. 

18. Show all of your work to solve for FEB and FED. Note if they are tension or compression. 

19. Go back to Diagram 10 and update internal forces in members EB and ED indicating 

direction. Update the forces coming from point D and from point B as well.  

20. Zoom in on Joint D and draw the Free Body diagram including angles and correct labels of 

member forces you just solved for. 

21. Show all of your work to solve for FDB. Note if it is tension or compression. 

22. Go back to Diagram 10 and update internal forces in member DB indicating direction. Update 

the forces coming from point B as well.  

23. Notice we do not have to do a free body diagram of joint C because all of the forces were solved for.  

Check your work on Bridge Designer (Java program needed for this step): 

24. Go to google and type in John’s Hopkins University Bridge Designer 

25. Find the correct site that has the Java program ready to go 

26. Follow the instructions on the website to recreate the truss above. You will have to put in the 

following parts in the following order: 

a. “Add Nodes”. Try to put them at the exact corner of grid lines and count between nodes to 

match the dimensions. If a node ends up too high or low etc. then you should delete the node 

and recreate it. Note: nodes are joints from our statically determinant equation. 

b. “Add Members”. Click on nodes to attach a member between them. 

c. “Fixed Node”. Turn one node into a fixed node. This is your “pin”. 

d. “Horizontal Rolling Node”. Turn one node into a roller. 

e. “Add loads”. Click on a node and drag into the direction you want the force to go. Drag the 

force until you display the same force as depicted in the beginning of this activity. 

f. “Calculate”. Click anywhere on the truss to display the calculated values.  

g. Check your work with the calculations. 

h. Take a snap shot of the program using the “snipping tool” and paste into a word document. 

Print your bridge with your names on top of the group members. There should be one for 

each group member. This will be inserted into your notebooks after your calculations. 

Balsa wood design: 

27. Start by making a full-scale, side-view drawing of each of the three trusses.  

28. Review the following website to decide what types of connections should be made at the joints: 

http://www.garrettsbridges.com/building/bridge-joints/  

29. A good way to build the trusses is right on top of the scale drawing. You can lay the pieces of 

material right over the drawing to make your cuts so that you get the angles correct. Cover the 

drawing with wax paper, and put two flat pieces of corrugated cardboard underneath it. You'll be 

http://www.garrettsbridges.com/building/bridge-joints/


able to see your plan through the wax paper, and it will prevent your truss from sticking to the plan. 

You can hold the pieces in place as the glue dries by using common pins, placing them on either side 

of a piece to hold it in place. Work methodically, and take your time. 

30. Let the glue dry hard before trying to remove the truss from the plan.  

31. When the glue is fully dry, remove the pins, and carefully press the wax paper away as you lift the 

truss off the plan. Check all of your joints, and add more glue if needed.  

32. Take a picture of your truss. 

33. Weigh the truss and record the weight.  

34. The next step is to test the strength of the truss. You will need to support both ends of the truss, and 

hang calibrated weights from the center of the span, adding progressively more weight (in 0.25 kg or 

0.5 kg steps) until the truss fails. One way to do this is by hanging a container from the truss, and 

gradually filling it with water. Keep track of how much water you add each time. Water weighs 1 g 

per ml, so if you want 0.25 kg steps, add 250 ml, for 0.5 kg steps, add 500 ml. Don't forget to include 

the weight of the empty container in your total. If you set things up so that the (flat-bottomed!) 

container is hanging just above the floor, you shouldn't have a problem with spilling when the truss 

eventually gives out. For each truss, record the maximum load successfully carried (i.e., the step 

before the truss failed). 

35. Take a picture of the truss after it failed. Zoom in on the area that it failed. 

Conclusion: 

36. Calculate the strength-to-weight ratio for each truss, and compare the average ratio for each design.  

37. Did your results agree with your prediction from the simulation? Why, or why not? 

Rubric: 

 2 4 6 

Background on Statically 
Determinant 

Some of the work is there 
but majority is missing or 
incomplete or incorrect. 
Work is not labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

Majority of the work is 
there but some is missing or 

incomplete or incorrect. 
Not all work is labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

All of your work is clearly 
worked out in your 

engineer’s notebook. All of 
the steps are clearly 
labeled. All FBD’s are 

correct and all “show all 
works” have equations, 

substitutions with units and 
final answer with units. 

Steps to Solve External 
Reaction Forces (Steps 1-
10) all rubric points x2 

Some of the work is there 
but majority is missing or 
incomplete or incorrect. 
Work is not labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

Majority of the work is 
there but some is missing or 

incomplete or incorrect. 
Not all work is labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

All of your work is clearly 
worked out in your 

engineer’s notebook. All of 
the steps are clearly 
labeled. All FBD’s are 

correct and all “show all 
works” have equations, 

substitutions with units and 
final answer with units. 

Steps to calculate 
individual truss member 
forces (steps 11-23) all 
rubric points x2 

Some of the work is there 
but majority is missing or 
incomplete or incorrect. 
Work is not labeled. Your 

“show all works” are 
missing items such as 

Majority of the work is 
there but some is missing or 

incomplete or incorrect. 
Not all work is labeled. Your 

“show all works” are 
missing items such as 

All of your work is clearly 
worked out in your 

engineer’s notebook. All of 
the steps are clearly 
labeled. All FBD’s are 

correct and all “show all 



equations or units. equations or units. works” have equations, 
substitutions with units and 

final answer with units. 

Bridge Design (steps 24-
26h) 

Your truss is completely off 
and does not match the 
drawing. The angles are 

incorrect and you did not 
use correct dimensions. 

Your truss does not match 
the one above exactly. Your 

nodes may be off making 
the members at the 

incorrect angles. 
 

You created the correct 
diagram to match the 
specifics in the picture 

above.  

Balsa wood design (steps 
27-35) 

Your truss is not 
constructed with care. Your 
connections are weak and 

you are missing photos.   

Your truss is constructed 
with care. But your 

connections are weak.  You 
are missing photos.   

Your truss is constructed 
with care. You reviewed the 

website showing what 
connections to use and 

utilized the best 
connections. You took 

before and after pictures of 
your truss and put them in 

your notebook. 

Conclusion (step 36 and 37) Too much of your 
conclusion is incomplete. 

Conclusion is somewhat 
incomplete. 

Conclusion is complete and 
all questions are answered 

in complete sentences. 

 

 

 



Step by Step Truss System 
 

Objective: 
This step-by-step truss system is designed to walk you through solving for all external and internal forces within 

a truss using a systematic approach 

Equipment 

 Straight edge 

 Calculator  

 Pencil 

 Engineer’s Notebook 

Background on Statically Determinant:  

 A statically determinate structure is one that can be mathematically solved. (Basically, we can use our 

3 equilibrium formulas to solve).  To prove this use the equation of 2J=M+R. This is saying that two 

times your number of joints is equal to the members plus reaction forces. Note that external forces are 

not part of this equation! Only reaction forces at the roller and pins! 

o Practice (draw and answer in your notebooks): is the following truss statically determinant? 

o How can you make the truss statically determinant? (answer in your notebooks) 

 

 

 

 

Procedure 

In this activity you will calculate reaction and member forces for the truss system illustrated below. It is 

essential to follow each step within the procedure to ensure proper calculations and free body diagrams. 

YOU ARE TO SOLVE EACH STEP AND LABEL EACH IN YOUR NOTEBOOKS AS “STEP 1, 2, etc..”   

 

 
 

 

 

 



Steps to Calculate External Reaction Forces (Before beginning these steps you should have the 

background to static determinancy questions answered already and drawn out in your notebooks) 

1. Label a new page in your engineer’s notebook “Step by Step Truss”.  Then draw diagram shown 

above (exactly as shown) in your notebooks. 

2. Show your work: Use the equation to prove that the structure drawn above is statically determinant: 

3. Show your work: Solve for the angle that member AD makes with the horizontal 

4. Show your work:  Solve for the angle that member EC makes with the horizontal 

5. Show your work:  Solve for the angle that member BE makes with the horizontal 

6. Show your work:  Solve for the angle that member BD makes with the horizontal 

7. Show your work:  Using alternate interior angles determine the angle that DB and EB make with 

the horizon. 

8. Draw a free body diagram for the entire truss structure illustrated above replacing pins and 

rollers with their reaction forces. Include all dimensions and forces including the direction. Label all 

angles that were just solved for. 

9. Show all of your work to solve for the reaction forces at both the pin and the roller using the static 

equilibrium equations.  

10. Draw a corrected diagram of the truss system shown above with corrected directions for all 

forces including correct values. (This diagram will be updated with your internal forces later on. Be 

sure that it is a clear diagram with room for additions… should be on its own page and landscape 

(shows room for me to grade and see the values you write in). 

    

 

Steps to Calculate Individual Truss Member Forces 

11. Zoom in on Joint A and draw the free body diagram including angles and correct labels of reaction 

forces you just solved for.  

12. Show your work:  Show all of your work to solve for FAD and FAB. Note if they are tension or 

compression. 

13. Go back to Diagram 10 and update internal forces in members AD and AB indicating 

direction. NOTE the force in member AD is the same coming from A as it is from D. For example: 

if you solve for FAD to be 100lb tension then it is also 100 lb tension coming from point D as well.  

Therefore, when you draw in FAD you should have a force on point A as well as point D: 

a. Example (not actual values):         or  

  D  

  100 lb tension   100 lb compression 

 

  A    100 lb tension 

  100 lb compression 

 

 



14. Zoom in on Joint C and draw the Free Body diagram including angles and correct labels of 

reaction forces you just solved for in step9. 

15. Show all of your work to solve for FEC and FBC. Note if they are tension or compression. 

16. Go back to Diagram 10 and update internal forces in members EC and BC indicating direction. 

Update the forces coming from point E and from point B as well.  

17. Zoom in on Joint E and draw the Free Body diagram including angles and correct labels of 

member forces you just solved for. 

18. Show all of your work to solve for FEB and FED. Note if they are tension or compression. 

19. Go back to Diagram 10 and update internal forces in members EB and ED indicating 

direction. Update the forces coming from point D and from point B as well.  

20. Zoom in on Joint D and draw the Free Body diagram including angles and correct labels of 

member forces you just solved for. 

21. Show all of your work to solve for FDB. Note if it is tension or compression. 

22. Go back to Diagram 10 and update internal forces in member DB indicating direction. Update 

the forces coming from point B as well.  

23. Notice we do not have to do a free body diagram of joint C because all of the forces were solved for.  

Check your work on Bridge Designer (Java program needed for this step): 

24. Go to google and type in John’s Hopkins University Bridge Designer 

25. Find the correct site that has the Java program ready to go 

26. Follow the instructions on the website to recreate the truss above. You will have to put in the 

following parts in the following order: 

a. “Add Nodes”. Try to put them at the exact corner of grid lines and count between nodes to 

match the dimensions. If a node ends up too high or low etc. then you should delete the node 

and recreate it. Note: nodes are joints from our statically determinant equation. 

b. “Add Members”. Click on nodes to attach a member between them. 

c. “Fixed Node”. Turn one node into a fixed node. This is your “pin”. 

d. “Horizontal Rolling Node”. Turn one node into a roller. 

e. “Add loads”. Click on a node and drag into the direction you want the force to go. Drag the 

force until you display the same force as depicted in the beginning of this activity. 

f. “Calculate”. Click anywhere on the truss to display the calculated values.  

g. Check your work with the calculations. 

h. Take a snap shot of the program using the “snipping tool” and paste into a word document. 

Print your bridge with your names on top of the group members. There should be one for 

each group member. This will be inserted into your notebooks after your calculations. 

Balsa wood design: 

27. Start by making a full-scale, side-view drawing of each of the three trusses.  

28. Review the following website to decide what types of connections should be made at the joints: 

http://www.garrettsbridges.com/building/bridge-joints/  

29. A good way to build the trusses is right on top of the scale drawing. You can lay the pieces of 

material right over the drawing to make your cuts so that you get the angles correct. Cover the 

drawing with wax paper, and put two flat pieces of corrugated cardboard underneath it. You'll be 

http://www.garrettsbridges.com/building/bridge-joints/


able to see your plan through the wax paper, and it will prevent your truss from sticking to the plan. 

You can hold the pieces in place as the glue dries by using common pins, placing them on either side 

of a piece to hold it in place. Work methodically, and take your time. 

30. Let the glue dry hard before trying to remove the truss from the plan.  

31. When the glue is fully dry, remove the pins, and carefully press the wax paper away as you lift the 

truss off the plan. Check all of your joints, and add more glue if needed.  

32. Take a picture of your truss. 

33. Weigh the truss and record the weight.  

34. The next step is to test the strength of the truss. You will need to support both ends of the truss, and 

hang calibrated weights from the center of the span, adding progressively more weight (in 0.25 kg or 

0.5 kg steps) until the truss fails. One way to do this is by hanging a container from the truss, and 

gradually filling it with water. Keep track of how much water you add each time. Water weighs 1 g 

per ml, so if you want 0.25 kg steps, add 250 ml, for 0.5 kg steps, add 500 ml. Don't forget to include 

the weight of the empty container in your total. If you set things up so that the (flat-bottomed!) 

container is hanging just above the floor, you shouldn't have a problem with spilling when the truss 

eventually gives out. For each truss, record the maximum load successfully carried (i.e., the step 

before the truss failed). 

35. Take a picture of the truss after it failed. Zoom in on the area that it failed. 

Conclusion: 

36. Calculate the strength-to-weight ratio for each truss, and compare the average ratio for each design.  

37. Did your results agree with your prediction from the simulation? Why, or why not? 

Rubric: 

 2 4 6 

Background on Statically 
Determinant 

Some of the work is there 
but majority is missing or 
incomplete or incorrect. 
Work is not labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

Majority of the work is 
there but some is missing or 

incomplete or incorrect. 
Not all work is labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

All of your work is clearly 
worked out in your 

engineer’s notebook. All of 
the steps are clearly 
labeled. All FBD’s are 

correct and all “show all 
works” have equations, 

substitutions with units and 
final answer with units. 

Steps to Solve External 
Reaction Forces (Steps 1-
10) all rubric points x2 

Some of the work is there 
but majority is missing or 
incomplete or incorrect. 
Work is not labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

Majority of the work is 
there but some is missing or 

incomplete or incorrect. 
Not all work is labeled. Your 

“show all works” are 
missing items such as 

equations or units. 

All of your work is clearly 
worked out in your 

engineer’s notebook. All of 
the steps are clearly 
labeled. All FBD’s are 

correct and all “show all 
works” have equations, 

substitutions with units and 
final answer with units. 

Steps to calculate 
individual truss member 
forces (steps 11-23) all 
rubric points x2 

Some of the work is there 
but majority is missing or 
incomplete or incorrect. 
Work is not labeled. Your 

“show all works” are 
missing items such as 

Majority of the work is 
there but some is missing or 

incomplete or incorrect. 
Not all work is labeled. Your 

“show all works” are 
missing items such as 

All of your work is clearly 
worked out in your 

engineer’s notebook. All of 
the steps are clearly 
labeled. All FBD’s are 

correct and all “show all 



equations or units. equations or units. works” have equations, 
substitutions with units and 

final answer with units. 

Bridge Design (steps 24-
26h) 

Your truss is completely off 
and does not match the 
drawing. The angles are 

incorrect and you did not 
use correct dimensions. 

Your truss does not match 
the one above exactly. Your 

nodes may be off making 
the members at the 

incorrect angles. 
 

You created the correct 
diagram to match the 
specifics in the picture 

above.  

Balsa wood design (steps 
27-35) 

Your truss is not 
constructed with care. Your 
connections are weak and 

you are missing photos.   

Your truss is constructed 
with care. But your 

connections are weak.  You 
are missing photos.   

Your truss is constructed 
with care. You reviewed the 

website showing what 
connections to use and 

utilized the best 
connections. You took 

before and after pictures of 
your truss and put them in 

your notebook. 

Conclusion (step 36 and 37) Too much of your 
conclusion is incomplete. 

Conclusion is somewhat 
incomplete. 

Conclusion is complete and 
all questions are answered 

in complete sentences. 

 

 

 



Name _____________________________         Date _____________ 

Test on Trusses 

 

 

 

 

 

 

 

 

 

For the Truss shown above, answer the following questions 1-5: 

1. How many Joints are shown? ________ 

2. How many total reaction forces are shown? __________ 

3. How many members are shown? ____________ 

4. Prove that the truss shown above is statically determinant: 

 

 

5. Solve for all reaction forces (Show all your work for each step including equations and substitutions with units). 

Be sure to indicate the correct direction with your force with either a vector or by saying up, down, left or 

right.  

 

 

 

 

 

 

 

 

 

F1 = 100 lb F2 = 250 lb 



6. How can the truss below be made to be statically determinate. You can explain or redraw the truss. 

 

 

 

 

 

 

 

 

 

7. Where on the seesaw should Person B sit to balance out with Person A? You must show all work including 

equations and substitutions with units. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. Refer to the diagram on internal forces below for a and b: 

a. The following is internal forces acting on a point.  To the right of the point, redraw the forces acting on 

the point replacing FAC with its components.  FAC makes an angle of 55o with the horizontal. 

           FAC  

  FAB  

  

 

 175 lb 

 

 

 

 

 

 

b. Referring to the force diagram above, solve for both FAC and FAB. Be sure to indicate whether each point 

is compression or tension. Show all of your work including equations and substitutions with units.  

 

 



Structural Properties: 
Beam Deflection, Moment of Inertia, Stress, Strain and Centroids 

 
Curricular Goals: 
The students will be able to: 

 Calculate moment of inertia and beam deflection 
 Understand how the orientation of a beam affects how much a beam deflects 
 Understand how modulus of elasticity affects beam deflection 
 Calculate stress, strain and deformation 
 Understand the different parts of a stress vs strain graph 
 Understand what the definition of a centroid is 
 Calculate the centroid of simple and complex shapes 
 Learn how to extrapolate the centroids of shapes back to the origin  

 
Learning Standards: 

 Key idea: Engineering design is an iterative process involving modeling and optimization used to 

develop technological solutions to problems within given constraints. 

 Key idea: Technological tools, materials, and other resources should be selected on the basis of 

safety, cost, availability, appropriateness, and environmental impact; technological processes 

change energy, information, and material resources into more useful forms. 

 Key idea: Computers, as tools for design, modeling, information processing, communication, and 

system control, have greatly increased human productivity and knowledge. 

 Key idea: Technological systems are designed to achieve specific results and produce outputs, 

such as products, structures, services, energy, or other systems. 

 Key idea: Technology has been the driving force in the evolution of society from an agricultural to 

an industrial to an information base. 

 Key idea: Technology can have positive and negative impacts on individuals, society, and the 

environment and humans have the capability and responsibility to constrain or promote 

technological development. 

 Key idea: Project management is essential to ensuring that technological endeavors are profitable 

and that products and systems are of high quality and built safely, on schedule, and within budget. 

 
Standards for English Language Arts 

 Standard 4: Students adjust their use of spoken, written, and visual language (e.g. conventions, 
style, vocabulary) to communicate effectively with a variety of audiences and for different 
purposes. 

 Standard 5: Students employ a wide range of strategies as they write and use different writing 
process elopements appropriately to communicate 
 

Common Core Standards: 
o CSS.ELA-Literacy.RST.11-12.1 
o CSS.ELA-Literacy.RST.11-12.7 

 
Misconceptions: 

 Students have trouble understanding how to determine a centroid and extrapolate back to the 
origin. 



Daily Lesson Overviews: 
 
A full lesson plan is provided for Day  
 
Day 1: 

 Aim: Introduction to Structural Members 
 Materials: PowerPoint entitled “1-Deflection, Stress, Strain MOI”, the handout entitled “2-

Structural Members Notes”  (if you choose to use it) 
 Motivation:  Talk about learning the basics of structures to do hands on projects  
 Procedure: 

o Go through the PowerPoint with the students highlighting the effect that the height of a 
beam has on it’s ability to deflect.  

o Allow students the opportunity to complete the calculations and problem set up on their 
own 

o Stop at the beginning of stress, strain and deformation. 
Day 2-3: 
 

 Aim: How much can you deflect a beam? 
 Materials: Handouts entitled “3-How to Read a Dial Caliper”, “4-Beam Deflection Lab” and “5-

Beam Deflection Worksheet”, 2x4 beam with cinder block supports, dial calipers, scale. 
 Motivation: This is a hands on activity to discover the effects of weight on a beam due to it’s 

orientation and moment of inertia. 
 Procedure: 

o First refresh with students how to read a dial caliper using sheet 3. Allow students to go 
through the images writing down the caliper readings. When all students are done, go over 
the correct answers. 

o Hand out sheet 4 and go through the instructions with the class. Each group will be taking 
turns going on the beam. You will need a spotter, 2 people that stand on the beam (one at a 
time) and one person the do the measurement of deflection.  

o When each group is up in the front of the room taking their deflection measurements other 
groups are to be working on sheet 5. They must show all work with equations and 
substitutions on a separate sheet of paper and write the answers to the conclusion 
questions in complete sentences. 

 
Day 4: 
 

 Aim: Stress, Strain and Deflection 
 Materials: PowerPoint entitled “1-Deflection, Stress, Strain MOI”, the handout entitled “2-

Structural Members Notes”  (if you choose to use it) 
 Motivation: relation to real life examples. 
 Procedure: 

o Go through the PowerPoint with the students allowing students to make inferences and 
connections. 

o Allow students the opportunity to complete the calculations and problem set up on their 
own 

o Stop at the beginning of stress-strain graphs. (silly putty image). 
 
Day 5: 

 Aim: Practice Stress and Strain 
 Materials: Handout entitled “6-Practice stress, strain and deformation” 



 Motivation: group work 
 Procedure: 

o Allow students to work together showing all of their work on the problems 
o Walk around the room to ensure all students are on task and answering questions. 
o Check student work at the end of the period. 
o Only give credit when students have all the correct answers and fix their work when they 

have errors. 
 Homework tonight:  

o Study for quiz 
 
Day 6 

 Aim: Quiz 
 Materials: Reference Tables, calculators and handout entitled “7-stress, strain and deflection 

quiz” 
 Motivation: this is a graded assessment of their knowledge of stress, strain and beam deflection. 
 Procedure: 

o Students should be spaced out and equipped with reference tables and calculators 
o Walk around the room to ensure that all students are focused and on task. 
o Ensure that all students realize they will lose points if they do not show their equation and 

substitution with units and final answer with correct units. 
 

Day 7 
 Aim: Stress/Strain graphs 
 Materials: PowerPoint entitled “1-Deflection, Stress, Strain MOI”, the handout entitled “2-

Structural Members Notes”  (if you choose to use it) 
 Motivation:  Relation of stress and strain graphs to the real world 
 Procedure: 

o Go through the PowerPoint with the students highlighting the different points of stress and 
strain within a graph as an object is stretched. 

o Allow students the opportunity to fill in the terminology on the graph 
 
Day 8-9: 

 Aim: Tensile graph 
 Materials: computers, Handouts entitled “8-Tensile graph online activity new” or “8-Tensile 

testing activity with SSA” (if you choose to use the structural stress analyzer with dog bone 
samples. 

 Motivation: hands on discovery 
 Procedure:  

o For the online activity: 
 Each student should have his or her own computer with access to a printer. 
 Hand out the online activity and allow students to begin the activity following the 

instructions step by step. 
 Students should print out the first graph they create (enlarged) so that students 

have space to label terms and read values. 
o For the structural stress analyzer 

 Each group of students should be given a sample dog bone 
 One computer needs to be hooked up to the SSA machine in order to collect data. 
 Allow each group to take measurements using dial calipers following the 

instructions on the worksheet. 



 One group at a time can put the sample in the SSA machine and watch as the 
machine stretches and breaks the sample. 

 Students will then get the data from the teacher and analyze it and answer questions 
in the packet. 

 They will need to create their own graph from the data 
 Using the SSA machine will take longer for the students to create their own graphs. 

 
Day 10: 

 Aim: Review for test 
 Materials: Handout entitled “10-Review Stress, Strain, deformation, deflection MOI” 
 Motivation: this is a graded assignment that will review the entire unit for the final assessment 

that can be done as groups. 
 Procedure: 

o Handout the review sheet and allow students to work in groups to answer the questions. 
o Inform students that the assignment will be checked. All students must show their work in 

order to receive credit. 
o Inform students that they MUST check their answers with their groups before informing 

me that they are done.  
o When a group is done the teacher can check the work of one of the students to assess 

correct answers and work. Teacher should look at other group member’s work to see that 
the work is written out for credit. 

o Only assign credit when all of the answers are correct. 
 Homework: study for assessment on stress, strain and beam deflection 

 
Day 11: 

 Aim: Assessment on stress, strain and beam deflection 
 Materials: “11-Test on Stress, Strain, deformation, deflection MOI”, Calculators (students should 

have their own), Reference Tables. 
 Motivation: this is a graded assessment of their knowledge of stress, strain and beam deflection. 
 Procedure: 

o Students should be spaced out and equipped with reference tables and calculators 
o Walk around the room to ensure that all students are focused and on task. 
o Ensure that all students realize they will lose points if they do not show their equation and 

substitution with units and final answer with correct units. 
 
Day 12-13: 

 Aim: Centroids 
 Materials: “12-Centroids New” ppt, Handout entitled “13-Centroids new packet” 
 Motivation:  Relation to everyday examples 
 Procedure: 

o Go through the PowerPoint with the students highlighting the relation of centroid to the 
center of mass.  

o Allow students the opportunity to complete the calculations and problem set up on their 
own 

 Homework: Finish whatever practice problems the students did not complete in class. 
 
Day 14-15: 

 Aim: Centroids Challenge 
 Materials: “14-Challenge” handout, foam board, razors (you can borrow bio scalpels from the bio 

teachers). 



 Motivation:  Hands on group work 
 Procedure: 

o Students will work alone and calculate the centroid of the complex shape.  
o They will then double the dimensions in order to cut the shape out of foam board. The 

shape that is cut out must be exact. The students should use a ruler to draw the shape to 
scale before cutting. 

o After students cut it out they should then locate the centroid location and then poke a hole 
in the shape where they will attach string and see if the shape balances straight. 

o You can also place the shape on something sharp to see if it lies horizontal. 
 Homework: Study for centroid assessment 

Day 16 
 Aim: Quiz 
 Materials: Reference Tables, calculators and handout entitled “15-centroid assessment II new” or 

“15-centroid assessment new” (whichever you choose to use). 
 Motivation: this is a graded assessment of their knowledge of centroids. 
 Procedure: 

o Students should be spaced out and equipped with reference tables and calculators 
o Walk around the room to ensure that all students are focused and on task. 
o Ensure that all students realize they will lose points if they do not show their equation and 

substitution with units and final answer with correct units. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Day 2-3 Lesson Plan 
 
Unit: Deflection, Stress, strain, centroids MOI Unit Plan 
 
Lesson: Beam Deflection Lab 
 
Goals: 

 Allow students to use a hands-on activity to investigate the effect of the force and beam 
orientation on moment of inertia and amount of deflection. 

 Students will practice solving for moment of inertia and beam deflection. 
 Students will work in groups and come to conclusions based on their investigations. 

 
Learning Standards: 

 Key idea: Technological tools, materials, and other resources should be selected on the basis of 

safety, cost, availability, appropriateness, and environmental impact; technological processes 

change energy, information, and material resources into more useful forms. 

 Key idea: Technological systems are designed to achieve specific results and produce outputs, 

such as products, structures, services, energy, or other systems. 

Common Core Standards: 
o CSS.ELA-Literacy.RST.11-12.7 

 
Essential Questions: 

 How does beam orientation effect beam deflection? 
 How can you calculate the modulus of elasticity of the beam? 

 
Misunderstandings: 

 Students should be monitored while obtaining the deflection data with the dial calipers. This is 
often done incorrectly. 

 
Vocabulary: 
Moment of inertia, modulus of elasticity, deflection 
 
Aim: 
How much can you deflect a beam? 
 
Materials: 

 Beam Deflection Lab Handout 
 2x4 beam 
 2 cinderblocks 
 dial caliper 
 meter stick 
 scale 

 
 
 
 



Procedure: 
 Students will work in groups (use larger groups for the sake of time). 
 Have one group at a time come up to the beam. One student will measure the length between the 

floor and the bottom of the beam.  Then one student will stand on the scale to record the weight. 
When this student steps in the middle of the board another student should now measure the new 
distance between the floor and the bottom of the board. The difference from before and after will 
be the deflection. 

 Other data the students will need includes the length of the board, the width and height of the 
cross section of the beam 

 Now the beam will need to be flipped vertically. Two students will need to support the beam in its 
vertical position so it doesn’t flip over. New before and after data will need to be recorded to 
determine the beam deflection. 

 While other groups are waiting to come to the beam for data they should be working on the beam 
deflection worksheet. They should show all of their work and substitutions and conclusion 
statements in their engineer’s notebook. 

 All work should be done in their engineer’s notebook. To be graded. 
 Walk around the room to ensure that all students are cooperating and on task.  

Assessments: 
Student work will be graded from their engineer’s notebook.  
A summative assessment will be done in class following this activity. 
 
 
 



Introduction to Structural Members 

• Modulus of Elasticity 

• Moment of Inertia 

• Deflection 

• Stress 

• Strain 

• Deformation 



Structural Member Properties 

Moment of Inertia (I) is a mathematical property 

that is used to describe the stiffness of a material 

related to its shape. The higher the moment of 

inertia the greater resistance to deformation; the 

lower the moment of inertia the more a material 

bends. 

©iStockphoto.com ©iStockphoto.com 



Beam Material Length Width Height Area 

A Douglas Fir 8 ft 1 ½ in. 5 ½ in. 8 ¼ in.2 

B Douglas Fir 8 ft 5 ½ in. 1 ½ in. 8 ¼ in.2 

Moment of Inertia Principles 



Will beam A or beam B have a greater resistance to 

bending, resulting in the least amount of deformation, 

if an identical load is applied to both beams at the 

same location? 

What distinguishes beam A from beam B? 

Moment of Inertia Principles 



Calculating Moment of Inertia - Rectangles 

Why did beam B have greater deformation than 

beam A? 

Moment of Inertia Principles 

Difference in Moment of Inertia due to the 

orientation of the beam 



Calculating Moment of Inertia 

  
3

1.5 in. 5.5 in.
= 

12

  31.5 in. 166.375 in.
= 

12

4249.5625 in.
= 

12

4= 20.8 in.

Calculate beam A Moment of Inertia 



Calculating Moment of Inertia 
  

3

5.5 in. 1.5 in.
= 

12

  35.5 in. 3.375 in.
= 

12

418.5625 in.
= 

12

4= 1.55 in.



Moment of Inertia 

. 

13.42 

Times 

Stiffer 

4

A
I  = 20.8 in. 4

B
I  = 1.55 in.

Beam 

“A” 

Beam 

“B” 

The amount these beams are bending is called deflection 

or Δmax.  

Because of Beam B’s orientation Beam B has a lower 

moment of inertia and a greater deflection. 



Moment of Inertia – Composite Shapes 

Why are composite 

shapes used in 

structural design?  



Non-Composite vs. Composite Beams 
Doing more with less 



Modulus of Elasticity (E) Also known as 

coefficient of elasticity, elasticity modulus, elastic 

modulus. Stiffness of an object related to material 

chemical properties 

In general, a higher 

modulus of elasticity 

produces a greater 

resistance to 

deformation. 

Structural Member Properties  



Modulus of Elasticity Principles 

Beam Material Length Width Height Area I 

A Douglas Fir 8 ft 1 ½ in. 5 ½ in. 8 ¼ in.2 20.8 in.4 

B ABS plastic 8 ft 1 ½ in. 5 ½ in. 8 ¼ in.2 20.8 in.4 



Modulus of Elasticity Principles 

What distinguishes beam A from beam B? 

Will beam A or beam B have a greater resistance to 

bending, resulting in the least amount of deformation, 

if an identical load is applied to both beams at the 

same location? 



Calculating Beam Deflection 

Beam Material Length 

(L) 

Moment 

of Inertia 

(I) 

Modulus 

of 

Elasticity 

(E) 

Force 

(F) 

A Douglas Fir 8 ft 20.8 in.4 1,800,000 

psi 

250 lb 

B ABS Plastic 8 ft 20.8 in.4 419,000 

psi 

250 lb 

3FL
ΔMAX = 

48EI



Calculating Beam Deflection 

Beam Material Length I E Load 

A Douglas Fir 8 ft 20.8 in.4 1,800,000 

psi 

250 lb 

3FL
ΔMAX = 

48EI

Calculate beam deflection for beam A 

  
  

3

4

250lbf 96in.
ΔMAX = 

48 1,800,000psi 20.8in.

221,184,000
ΔMAX = 

1,797,120,000 ΔMAX = .123in.



Calculating Beam Deflection 

Beam Material Length I E Load 

B ABS Plastic 8 ft 20.8 in.4 

 

419,000 

psi 

250 lbf 

Calculate beam deflection for beam B 

3FL
ΔMAX = 

48EI

  
  

3

4

250lbf 96in.
ΔMAX = 

48 419,000psi 20.8in.

221,184,000
ΔMAX = 

418,329,600 ΔMAX = .53in.



Douglas Fir vs. ABS Plastic 

. 

4.24 

Times 

less 

deflection 

A
ΔMAX  = 0.123 in. B

ΔMAX  = 0.53 in.

The amount these beams are bending is called deflection 

or Δmax.  

Because of Beam B has a lower Modulus of Elasticity it’s 

deflection is greater. 



STRESS, STRAIN AND 

DEFORMATION 



Types of Stresses 

   Before    After 

 

 

Axial 

 

 

 

 

Shear 

 

 

Axial and shear stresses are deforming a small element of 

material 

  

  

 

 



               

           

                                                                              

                                                                               

 

 

 

 

 

Formulas shown can be used to calculate average 

stress on the cross section 



Formula for stress with units 
 

 

 

 

 

 

σ (sigma) Stress 

(axial or 

shear) 

lbs per in2 

or psi 

F Force lb 

A Cross 

sectional 

area 

 in2 

s =
F

A



Practice 

1. A force of 200 lb pushes against 

a rectangular plate that is 1 ft. 

by 2 ft. Determine the pressure 

in     and       that the plate 

exerts on the ground due to this 

force. 
 

lb
in2

lb
ft2



 



Practice continued… 

2. A sample of material is ¼ 
“diameter and must be turned to a 
smaller diameter to be able to be used 
in a tensile machine. The target 
breaking point for the material is 925 
pounds. The tensile strength of the 
material is 63,750 psi. What diameter 
would the sample have to be turned to 
in order to meet the specified 
requirements? 

 



• D = 0.136 inches 



Deformation/Deflection 

Deflection is 

measure of the 

deformation in a 

structure. Both 

stresses and 

deflection of a 

structure are 

both very 

important design 

considerations.  



Deflection of an Axial Load 

F 

L 

 A 

• How much a member 

deforms is dependent 

upon how much force 

is applied to it, how 

big the cross sectional 

area is, the original 

length of the beam 

and what the beam is 

made out of (Modulus 

of Elasticity) 



δ (delta 

meaning 

change) 

Deformation 

/ deflection 

 

in 

F Force lb  

L Length in 

A Cross 

sectional 

area 

 in2 

E Modulus of 

Elasticity 

lb/in2 or 

psi 

d =
FL

AE



Practice 

• 3.  A 2” by 4” rectangular piece of steel, 

that is 240” long between centers of the 

pins at its ends, is used as the diagonal 

member in a bridge. If the total tensile load 

in the steel is 80, 000 pounds and the 

modulus of elasticity is 30, 000,000 psi, 

calculate: 

• Stress 

• Total elongation (deformation) 
 



 



Strain 

• Strain is the ratio of the object’s elongation 

compared to it’s original length. It can be 

made into a percentage and viewed as the 

percentage of elongation of the member. 

 

• It is also known as the “unit elongation” 



 

 

 

 

 

 

ε (epsilon) Stress or unit 

elonation 

No units 

δ (delta) deformation in 

L Original 

length 

 in 

e =
d

L



e =
d

L

d = Lo -L '(compression) = L '-Lo(tension)



Strain Calculations 

4. Using your answers from #3, 

determine the unit elongation of the 

material. 



5. A strand of wire 1,000 ft. long with a 

cross-sectional area of 3.5 sq. inches 

must be stretched with a load of 2000 lb. 

The modulus of Elasticity of this metal is 

29,000,000 psi. What is the unit 

deformation of this material? (note length 

is in feet). 



 





Stress-Strain Curve: Vocabulary 
• Elastic Region:  

• This is the region in which the material 

may be stretched and let go and the 

specimen will return back to its original 

shape and size. It is elastic and behaving 

like a rubber band. 

 



Stress-Strain Curve: Vocabulary 

• Plastic Region: 

• This is the region in which the material 

has exceeded the elastic region and is 

now permanently deformed. It has 

simply been stretched too much but has 

not yet broken. 



Resilience 

The amount of energy a material can 

absorb while in the elastic range 

Area under the Stress-Strain curve 

1 bh
2

Resilience 



Stress-Strain Curve: Vocabulary 

• Elastic Limit/Proportional Limit:  

• The maximum point at which the material will 

return to it’s original shape. Any force or stress 

above this point will permanently deform the 

material. The last point in the linear region of 

the graph. 

 



Yield Point 

Yield point  

When the elastic limit is exceeded  

A very small increase in stress produces 

a much greater strain 

Most materials do not have a well-

defined yield point 



Stress-Strain Curve: Vocabulary 

• Ultimate Stress: 

• The maximum stress that the material may 

experience before it begins to fail. You may see 

“necking” where the middle is beginning to get 

thinner and stretch more.  



Stress-Strain Curve: Vocabulary 

• Failure 

• This point is exactly what it sounds like, the 

point of failure/rupture/breaking. 

 



• Brittleness 

Material failure with little or no ductility  

Lack of ductility, not lack of strength 

Tensile Test – Stress-Strain Curve 



• Toughness 

Work per unit volume required to fracture a material 

Total area under the stress-strain curve from test 

initiation to fracture (both strength and ductility) 

Tensile Test – Stress-Strain Curve 



Hooke’s Law 

Strain

Stress
E 





E is the Elastic 

Modulus. 

E is the slope of the 

line in the elastic 

region. 

Stress- Strain Curve 



• In which region of the stress-strain curve 

does the material return back to it’s initial 

state? 

• In which region of the stress-strain curve 

does the material not return back to it’s 

original state but it has not yet failed? 

• The maximum point at which a material will 

return to its original state is called? 



Practice 

•A 4 inch diameter rod is stretched 

under the influence of a 300 lb force.  

As a result the 2 ft rod stretches to 2 

feet 3 inches. 

•Determine the stress 

•Determine the strain 

•Determine the modulus of elasticity 



Name ____________________________         Date ____________ 
Introduction to Structural Members 

• Modulus of Elasticity 
• Moment of Inertia 
• Deflection 
• Stress 
• Strain 
• Deformation 

 
Moment of Inertia (I) is a mathematical property that is used to describe … 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Calculate Beam A’s Moment of Inertia: 
 
 
 
 
 
 
 
 
 
 
Calculate Beam B’s Moment of Inertia: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The amount these beams are bending is called ___________________________________________________________________. 
 
Because of Beam B’s orientation Beam B has a ___________________________________________________________________ 
 
________________________________________________________________________________________________________________________. 
  
 
 
 
 
 
 
 
 
  
 
 

Why are composite shapes used in structural design?  



Modulus of Elasticity (E) Also known as coefficient of elasticity, elasticity modulus, elastic modulus.  
 

 
___________________________________________________________________________________________________________________ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calculating Beam Deflection: 
Equation: 
 
 
 
 
 
 
Calculate the Beam Deflection for Beam A: 
 
 
 
 
 
 
 
 
Calculate the Beam Deflection for Beam B: 
 
 
 
 
 
 

The amount these beams are bending is called deflection or Δmax.  
 

Because of Beam B has a ____________________________________________________________________________________________ 
 

_________________________________________________________________________________________________________________________ 



Stress, Strain and Deformation 

 

 
 
 
 
 
 
 
 
 
 
Equation: 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Practice:  

1. A force of 200 lb pushes against a rectangular plate that is 1 ft. by 2 ft. Determine the pressure 
in    lb/in2 and lb/ft2 that the plate exerts on the ground due to this force. 

 
 
 
 
 
 
 
 
 
 
 

2. A sample of material is ¼ “diameter and must be turned to a smaller diameter to be able to be 
used in a tensile machine. The target breaking point for the material is 925 pounds. The tensile 
strength of the material is 63,750 psi. What diameter would the sample have to be turned to in 
order to meet the specified requirements? 

 
 
 
 
 
 

 
 
 
   

 
 

   
 
 

  
 
 

 



 
Deformation/Deflection: 
 
Deflection is measure of the deformation in a structure. Both stresses and deflection of a structure are 
both very important design considerations.  
 
 
 
 
 
 
 
 

• How much a member deforms is dependent upon  

 
 

 
 

 
 

 
 

 
Equation: 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. A 2” by 4” rectangular piece of steel, that is 240” long between centers of the pins at its ends, is 
used as the diagonal member in a bridge. If the total tensile load in the steel is 80, 000 pounds 
and the modulus of elasticity is 30, 000,000 psi, calculate: 

 Stress 
 Total elongation (deformation) 
 
 
 
 
 
 
 
 

 
 

  

 
 

  

 
 

  

 
 

  

 
 

  

 
 

 

 

 
 



Strain: 
• Strain is the ratio of ________________________________________________________________________________________. 

It can be made into a percentage and viewed as the percentage of elongation of the member. 
 

• It is also known as the “_____________________________________________” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  4. Using your answers from #3, determine the unit elongation of the material. 
 
 
 
 
 
 
 
 
 
5. A strand of wire 1,000 ft. long with a cross-sectional area of 3.5 sq. inches must be stretched with a load 
of 2000 lb. The modulus of Elasticity of this metal is 29,000,000 psi. What is the unit deformation of this 
material? (note length is in feet). 
 
 
 
 
 
 
 
 
 
Stress-Strain Curve: Vocabulary 

• Elastic Region:  
 This is the region in which the material may be stretched and let go and the specimen will  

 
_______________________________________________________________________________________________________. 
It is elastic and behaving like a rubber band. 

 
 

 
 
 
 
 
 

  

 
 

  

 
 

  

 



 
 
 
 
 
 
 
 
 
 

• Plastic Region: 
 This is the region in which the material has exceeded the elastic region and is now  

 
_________________________________________________________________. It has simply been stretched too 
much but has not yet broken. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Elastic Limit/Proportional Limit:  
 

 ________________________________________________________________________________________________________. Any force 
or stress above this point will permanently deform the material. The last point in the linear region of the 
graph. 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Ultimate Stress: 
 ________________________________________________________________________________________________________. You may 
see “necking” where the middle is beginning to get thinner and stretch more.  
 
 
 
 
 
 
 
 
 
 

• Failure 
 This point is exactly what it sounds like, the point of failure/rupture/breaking. 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• In which region of the stress-strain curve does the material return back to it’s initial state? 
 

• In which region of the stress-strain curve does the material not return back to its original state but 
it has not yet failed? 

 
 

• The maximum point at which a material will return to its original state is called? 
 
 
 
 
 

 

  

 

 

 

 



 
6. A 4 inch diameter rod is stretched under the influence of a 300 lb force.  As a result the 2 ft 

rod stretches to 2 feet 3 inches. 
a. Determine the stress 
b. Determine the strain 
c. Determine the modulus of elasticity 

 



Name _______________________                               Date ________ 

 

http://www.wisc-online.com/objects/ViewObject.aspx?ID=MSR4303  

 

 
 

 

 

 

 
 

 

 

 

 
 

http://www.wisc-online.com/objects/ViewObject.aspx?ID=MSR4303


 

 

 

   
 

 

           1.                                                                          2. 

 

   
 

 

                   3.                                                                      4. 

 

  
 

 



            5.                                                                               6. 

 

  
 

 

          7.                                                                                  8.  

 

  



 
 

Beam Deflection Lab 
Introduction 

Engineers must look for better ways to build structures. Less material typically means that 
structures will be lighter and less expensive. Knowing the moment of inertia for different shapes is 
an important consideration for engineers as they strive to make designs lighter and less 
expensive. 

Equipment  

 1-  2x4 (preferably straight, free of knots and imperfections) 

 Dial calipers or a ruler with 1/32 divisions 

 2 - 1 foot lengths of 2x4 for use as supports 

 Tape measure 

 Permanent marker 

 Floor scale 

 Cinder block (Concrete Masonry Unit) 

Procedure 

You will determine the weight of one of your classmates using nothing more than a standard 2x4 
and a measuring device. This activity will provide you with a better understanding of Moment of 
Inertia and how it can be used to determine the strength of beams. 
 
Preliminary lab calculations to determine beam Modulus of Elasticity 
 
1. In your engineer’s notebook record the base and the height of the cross section of the beam in 

your classroom (in inches). 

2. Draw both the vertical orientation and the horizontal orientation of the cross section with the 
dimensions labeled. 

3. Calculate beam Moment of Inertia. Show all of your work next to each sketch of the cross 
sections of the beam. You must show equations and substitutions with units and final answer 
with units. 
 

 

3

xx

bh
I

12


 
 

 

 

Vertical Orientation Horizontal Orientation 

 
 
 
 
 

 



4. Position the beam as shown below and sketch in your notebook.  

 
 

5. Measure the span between the supports. Record your measurement in your engineer’s 
notebook. 

 
 Total Span (L) = __________in. 
 

6. Measure the distance between the floor and the bottom of the beam and record in your 
engineer’s notebook.  

 
 Pre-Loading Distance (DPL) = __________in. 

 
7. Position a volunteer (V1) to stand carefully on the middle of the beam. Have a person on either 

side of the beam to help support the volunteer. Measure the distance between the floor and 
the bottom of the beam and record in your engineer’s notebook. 

 
 

 Applied Load Distance (DAL) = ___________in. 
 

8. Calculate the maximum beam deflection (difference between preloading and loading 

distances) (MAX) and record in your engineer’s notebook. 
MAX = DPL - DAL 

 
 MAX = __________ in. 
 

9. Determine the weight of volunteer (V1) using the classroom floor scale and record in your 
engineer’s notebook. 
 
Volunteer weight (F)  ____________ lb 

 
10. Calculate your beam’s Modulus of Elasticity (it is important to know that each beam will have 

its own specific Modulus of Elasticity) by rearranging the equation for beam maximum 
deflection to isolate (E). Show all work in your engineer’s notebook. 



Rearrange the equation 
3FL

ΔMAX=
48E I

  

to solve in terms of E 

 

 
Substitute known values  
 
 

 

 
Solve 
 
 

 

Note: An object’s Modulus of Elasticity is a material-based property and stays the same 
regardless of orientation.  

 
Calculate volunteer (V2) weight 
 

11. Position the beam as shown below.  

 
 

12. Measure the span between the supports. Record your measurement below. 

 
 Total Span (L) = __________in. 
 

13. Measure the distance between the floor and the bottom of the beam.  

 
 Pre-Loading Distance (DPL) = __________in. 

 
14. Position a second volunteer (V2) to stand carefully in the middle of the beam. Have a person 

on either side of the beam to help support the volunteer. Measure the distance between the 
floor and the bottom of the beam. 

 
 

 Applied Load Distance (DAL) = ___________in. 
 



15. Calculate the maximum beam deflection (MAX).   
MAX = DPL - DAL 

 
 
 
 MAX = __________ in. 
 

16. Calculate volunteer (V2) weight by rearranging the equation for maximum deflection to isolate 
(F). Show all work. 

Rearrange the equation 
3FL

ΔMAX=
48E I

  

to solve in terms of F 

 

 
Substitute known values  
 
 

 

 
Solve 
 
 

 

 
Determining Beam Deflection 

 
17. Using the information you collected and calculated in steps 1 – 14, calculate the max deflection 

of the beam if volunteer (V2) is positioned to stand on the beam in a vertical orientation. 

 
 

3FL
ΔMAX=

48E I
  

 

Substitute known values  
 
 

 

Solve 
 
 
 

 

 



18. Verify your calculated max deflection answer and work to your instructor by having volunteer 
(V2) carefully stand in the middle of the beam. Place a person on either side of the beam to 
help support the volunteer. Measure the distance between the floor and the bottom of the 
beam. 

Calculated deflection: _____________ 

Measured deflection: _____________ 

 
 
 
 
 



Name ___________________                          Date _________ 

Calculating Moment of Inertia and Beam Deflection 

Complete the chart below by calculating the cross-sectional area, Moment of Inertia, and beam deflection, given a load of 250 lbf, Modulus of Elasticity of 
1,510,000 psi, and a span of 12 ft. Show all work on a separate sheet of paper and hand in BOTH: 

 
Beam A B C D E F 

Common Name 2x6 2x6 2x8 2x8 2x10 2x10 

Actual Dimensions 
(in.) 

1.5 x 5.5 1.5 x 5.5 1.5 x 7.25 1.5 x 7.25 1.5 x 9.25 1.5 x 9.25 

Vertical or 
Horizontal 
Orientation 

 

 

 

 

 

 

 

 

 

Cross-Sectional 
Area (in.2) 

 

 

 

 

 

 

     

Moment of Inertia 
(in.4) 

 

 

 

 

 

 

     

Beam Deflection 
(in.) 

 

 

 

 

 

 

     

 



 

Conclusion 

Explain the correlation between Moment of Inertia and beam deflection. 

 

 

 

 
How could you increase the Moment of Inertia (I) of a beam without increasing its cross-sectional area? 

 

 



Name _________________          Date ______ 
 

Engineering Calculations for Stress and Strain. 
 

  
1. A weight of 18,000 lb is supported on a rectangular base plate that is 9 in. wide and 2 ft long. The base 

plate rests on a concrete slab. Determine the stress that the base plate exerts on the concrete slab. 
Express your answer in units of (a) lb/in.2 and (b) lb/ft2. 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

2. A ¼ in. diameter rod must be machined on a lathe to a smaller diameter for use as a specimen in a 
tension test. The rod material is expected to break at a normal stress of 63,750 psi. If the tensile testing 
machine can apply no more than 925 lb of force to the specimen, calculate the maximum rod diameter 
that should be used for the specimen? 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

3. Determine the maximum load that a 0.50 in. diameter steel rod can support if the normal stress in the 
rod must not exceed 24,000 psi. 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 



 

4. A 4 in. wide by 1.125 in. thick rectangular steel bar supports a load of P in tension. Determine:  

         The stress in the bar if P = 32,000 lb. 
         The load F that can be supported by the bar if the axial stress must not exceed 25,000 psi. 

  

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

5. A 35 ft long solid steel rod is subjected to a load of 8,000 lb. This load causes the rod to stretch 0.266 in. 
The modulus of elasticity of the steel is 30,000,000 psi. Determine the diameter of the rod. 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
  



6. A 1.25 in. by 3 in. rectangular steel bar is used as a diagonal tension member in a bridge truss. The 
diagonal member is 20 ft long, and its modulus of elasticity is 30,000,000 psi. If the strain in the diagonal 
member is measured as 0.001200 in/in, determine: 

         The axial stress 
         The tension force in the bar 
         The elongation of the member  

  

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 



7. A solid circular titanium control rod must support an axial tension force of 7,000 lb. Assume that the 
modulus of elasticity of the titanium is 16,500,000 psi. If the rod must elongate no more than 0.20 in. 
when the normal stress in the rod is 42,000 psi, determine (a) the minimum rod diameter and (b) the 
maximum rod length. 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

 

 
 
 
 

8. Calculate the moment of inertia of beam A: 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

1.75” 

6.5” 
6.5” 

1.75” 



 
9. Calculate the modulus of elasticity of the beam if it’s deflection is 3.4x10-1 inches under the weight of a 

150 lb student. The beam’s length is 8 feet long. 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
10. Which beam (A or B) has the greatest deflection? 



Name __________________                                  Date _______ 
Stress, Strain and Deformation Quiz 

 
 

1. Determine the maximum load that a 0.50 in. diameter steel rod can support if the normal stress in the 
rod must not exceed 24,000 psi. 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
 
 
 

2. A 100 ft long steel wire has a cross-sectional area of 0.0144 in.2. When a force of 270 lb is applied to 
the wire, its length increases by 0.75 in. Determine: 

a.  The normal stress 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 

b. The normal strain 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 



 

3. If the modulus of elasticity of steel is 30,000,000psi and a 20 inch rectangular beam with dimensions of 
3 in by 2 in was under a tensile load of 110 lbs, determine the deformation of the beam. 

 
 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
4. A 35 ft long solid steel rod is subjected to a load of 8,000 lb. This load causes the rod to stretch 0.266 

in. The modulus of elasticity of the steel is 30,000,000 psi. Determine the diameter of the rod. 

 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
5. A rod is used to support a load in a structural support member. The strain in this member must not 

exceed 0.000385 in/in.  If the stress in the member is calculated to be 23500 psi, determine the 
modulus of elasticity of the material. 

 
a. Determine the modulus of elasticity of the material. 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

6. Calculate the moment of inertia of the beam above: 

Formula Substitutions Final answer WITH 
UNITS (if any) 

  
 
 
 
 
 
 

 

 
7. If a student stands on the beam in it’s current orientation and then decides to flip the beam so that it is 

standing vertically, which orientation would have the least deflection? 
a. It’s current orientation 
b. Vertical orientation 

 
Bonus: (you must show work to receive credit) 
The unit elongation of a structural support member is 0.000345.  If the original length of the member is 15 ft 
and the cross section of the beam is square. Determine the length of one of the sides in inches. The modulus 
of elasticity is 2.5 x107 psi, and the load must not exceed 3500 lb. 
 
 
  

 

8 in 

2.5 in 



Name ____________________         Date ________ 
Tensile Testing 

I. Printing out your Force vs. Elongation graph: 
 

A. Log onto a computer and take it back to your seat.  
B. Go to google.com 
C. Type in “virtual tensometer” 
D. The first website that comes up is the one. It should say 

http://lrrpublic.cli.det.nsw.edu.au/lrrSecure/Sites/LRRView/6448/applets/tensile_tester.htm 
E. Using your mouse, grab the very first metal specimen on the top right hand side and drag it 

into the two claws. It should say “Mild Steel” in the blue area on the right.  
F. Now click the green start button. 
G. Once your specimen breaks and your graph is done click on next to “name” at the top of the 

graph and type in your name.  
H. Using the “snipping tool” located in the start menu of the computer, box out your graph and 

then paste it into a word document. 
I. Go to page layout  orientation  landscape. Then select  margins  Narrow (0.5 x 0.5) 
J. Double click on the graph and select “wrap text” in front of text. This will allow you to move 

the image wherever you want.  
K. Now maximize your graph by grabbing the corner of the graph and extending it to the size of 

the page.  
L. Print to HP-PLTW 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I. Analyzing your graph. 
 
 
 
 
 
 
 

II. LOCATING POINTS ON THE GRAPH: 

 
1. Locate the proportional limit and label it PL. This is the point that represents the greatest 

stress that a material is capable of withstanding without deviation from straight line 
proportionality between the stress and strain. If the force applied to a material is 
released, the material will return to its original size and shape.  

2. Locate the Yield Point and label it YP.  The point at which a sudden elongation takes 
place while the load on the sample remains the same or actually drops. If the force 
applied to the material is released, the material will not return to its original shape. 

3. Locate the Ultimate Tensile Force and label it ULT. This is the point at which a 
maximum load for a sample is achieved. Beyond this point elongation of the sample 
continues, but the force exerted decreases. 

4. Locate the breaking/rupture point and label it BR. The maximum amount of stress that 
can be applied before rupture occurs. The specimen fractures in the necking region 
where the material reduces in diameter as it elongates. 



5. Locate the elastic region. Point to the region and label it “elastic region”. This is the 
region in which the specimen can stretch but return back to its original state. 

6. Locate the plastic region. Point to the region and label it “plastic region”. This is the 
region in which the specimen plastically deforms and cannot return back to its original 
state. 

III. DATA: Locate the following values on your chart from the appropriate places. You must 
convert kN to N and then to lbs. You must convert mm to cm and then to inches.  

 

Force (kN) 
Read 

straight off 
your graph 

Force (N) 
Convert kN 

to N 

Force (lbs) 
Use page 3 

of your 
reference 
table to 

convert N 
to lbs 

Extension 
(mm) 
Read 

straight off 
your graph 

Extension 
(cm) 

Convert 
mm to cm 

Extension 
(inches) 

Use page 3 
of your 

reference 
table to 

convert cm 
to inches 

“δ” 
4 decimal 

places 

Proportional 
Limit 

 
 
 
 

     

Yield Point 

 
 
 
 

     

Ultimate 
Point 

 
 
 
 

     

Breaking or 
Rupture 

Point 

 
 
 
 

     

 

 
IV. CALCULATIONS: 

1. Knowing that the Mild Steel specimen’s original diameter is 5 mm  0.2 inches and the 

original length is 75 mm  2.95 inches calculate the area of the rod using A= 
4


d2 

. Show your 

work below including substitutions with units. 

 
 
 
 
 
 



2. Calculate the stress at the proportional limit using data from the table on the proportional limit. 

Show your work below including substitutions with units. F
PL A

 
 

 
 
 
 
 

3. Calculate the yield point stress using data from the table on yield point. Show your work 

including substitutions with units. 
A
F

YP   

 
 
 
 
 

4. Calculate the ultimate tensile stress using data from the table on the ultimate force. 
A
F

ULT   

 
 
 
 
 

5. Calculate the breaking/rupture point stress using data from the table on the breaking/rupture 

point. 
A
F

BR   

 
 
 
 
 

6. The modulus of elasticity is a measure of a material’s ability to regain its original dimension’s 
after the removal of a load or force. The modulus is the slope of the straight line portion of the 
stress-strain diagram up to the proportional limit. We, however, have a force – deflection curve. 
Therefore, use the following formula to determine the modulus of elasticity. Calculate the 
Modulus of Elasticity where F2 and δ2 are 0 (the start of the straight line segment). F2 and δ2 
represent the end of the straight line segment or the proportional limit. Show all of your work 
including substitutions with units. 

 

 
  o

o

A

LFF
E

21

21

 


  

 
 
 
 
 
 
 
 



7. Modulus of Resilience is a measure of a material’s ability to absorb energy up to the yield 
point. This modulus is represented by the area under the stress vs. strain curve from 0-force to 
the yield point. 

a. Calculate the yield point strain using the equation: 𝜀𝑌𝑃 =
𝛿𝑌𝑃

𝐿𝑜
. Show your work including 

substitutions with units. 
 
 
 
 
 

b. Calculate the modulus of resilience using the following formula: Ur = ½(yp yp) Show 
your work including substitutions with units. The yield point stress was calculated in #3. 

 
 
 
 
 
 
8. The Modulus of Toughness is a measure of a material’s ability to plastically deform without 

fracturing. Work is performed by the material absorbing energy from the blow or deformation. 
This measurement is equal to the area under the stress vs. strain curve from its origin through 
the rupture point. 

a. Calculate the breaking point strain using the equation: 𝜺𝑩𝑹 =
𝜹𝑩𝑹

𝑳𝒐
. Show your work 

including substitutions with units. 
 
 
 
 

 
b. Calculate the Modulus of Toughness using the equation Ut = 1/3 (br)( yp + 2 ult). 

The yield point stress and the ultimate stress were calculated in #3 and #4. Show your 
work including substitutions with units. 

 
 
 
 
 

 
 

 
 
 
 
 
 
 



The following curve shows two materials. Read the description of each and indicate whether it is 
graph A or B: 
 
Graph __________ shows a ductile material. It stretches and deforms plastically before rupture. 
Also, the area under the entire curve shows that it has a high toughness. The area under the linear 
portion shows that it has a lower resilience to absorb energy before it deforms when compared to the 
other curve. 
 
Graph __________ shows a brittle material. It does not stretch or deform plastically very much 
before rupture. Also, the area under the entire curve shows that it has a low toughness. The area 
under the linear portion shows that it has a higher resilience to absorb energy before it deforms 
when compared to the other curve. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Graph A Graph B 



 
 

Tensile Testing Activity  
Structural Stress Analyzer 
 
Introduction 

Tensile testing provides engineers with the ability to verify and establish material properties related to a 
specific material.  This verification process is critical in insures the selected material will meet design 
specifications. In this activity you will interpret and make sample specific calculations related to the 
material properties of a dog bone test sample.   

Equipment 

Dog bone test sample 
SSA 1000 Tensile Tester 
Computer with SSA 1000 Software 
Dial Caliper 
Permanent Marker 

Procedure 
I. Initial Measurements before testing the sample 

1. Identify test sample material type :______________________________ 

2. Using a dial caliper measure and 
record five diameter measurements 
of the narrowed dog bone testing 
region. 

a. __________ 

b. __________ 

c. __________ 

d. __________ 

e. __________ 

 

3. Identify and rerecord the smallest 
measurement from the dog bone 
testing region.  

:______________________________ 

4. Using a permanent marker place 
two indexing dots on the dog bone 
testing region. (Dots should be 
positioned at the ends of the 
region) 

 

5. Using a dial caliper measure and 
record the distance between the 
two indexing dots. 

:______________________________ 

  



II. Measurements and 
Calculations of the Sample 
after testing 

 

6. Position the test sample in the tensile tester as directed by your teacher. 

7. Tensile test your test sample as directed by your teacher. 

8. Position your broken dog bone 
broken end to end.  

9. Using a dial caliper measure and 
record the distance between the 
two indexing dots. 

:______________________________ 

10. Using a dial caliper measure the 
diameter of the necking region of 
the dog bone test sample  

:______________________________ 

  

11. Calculate the test samples total Strain – The total amount of elongation of a sample to 
rupture normalized (divided) by the initial length. 

total total/L0 

total =  
 

12.  Calculate the test samples ductility- The ability of a material to be deformed plastically 
without rupture. 

% of Elongation = total (100) 
 

% of Elongation =  
 

13. Calculate the test samples reduction in area 

Reduction in area = (A original – A final)/A original*100 
 

Reduction in area = 
 

 
 
 
 
 
 



III. Analyzing your graph. 

 Proportional Limit/Yield Point. 
 Create a print out of your graph for you to hand in. You must obtain your own copy. 

 On the graph, locate the proportional limit (yield point). This is the point at which a sudden elongation 
takes place, while the load on the sample remains the same or actually drops. If the force applied to 
the material is released, the material will not return to its original shape. This is the limit at which 
proportionality ceases. 

 Place a dot on the graph and label it “YP”. 
o Using a straight edge determine the Force at the proportional limit and record it below. 
o Using the initial diameter of the material, determine the cross sectional area of the sample and 

record it below. 
o Calculate the yield point stress.  

 
 

ForceYP =  

 

A= 
4


d2 

 

 

 
A
F

YP   

 

 

 Modulus of Elasticity 

 

 The modulus of elasticity is a measure of a material’s ability to regain its original dimension’s after the 
removal of a load or force. The modulus is the slope of the straight line portion of the stress-strain 
diagram up to the proportional limit. We, however, have a force – deflection curve. Therefore, use the 
following formula to determine the modulus of elasticity.  

 
 
  o

o

A

LFF
E

21

21

 


  

 
F1 = The force at the yield point. 
F2 = The initial force (0 lb) 

1 = The deflection at the yield point. 

2 = The original deflection (0 in) 

Lo = original length 
Ao = original area 

 
 

o To determine the yield point stress use the following formula: 

E

YP
YP


   

 



 Maximum Load/Ultimate Point 

 Locate the Maximum Load for the sample. This is the highest point on the graph in which maximum 
force is achieved. Beyond this point elongation of the sample continues, but the force exerted 
decreases. 

 Place a dot on the graph and label it “ULT” for ultimate. 
o Using a straight edge determine the Force at the maximum load and record it below. 
o Record the area calculated above for the yield point below. 
o Calculate the ultimate stress. 

 
ForceULT =  

 

A= 
4


d2 

 

 

 
A
F

ULT   

 

 

 Breaking/Rupture Point 

 

 Locate the breaking/rupture point. The specimen fractures in the necking region where the material 
reduces in diameter as it elongates. 

 Place a dot on the breaking or rupture point and label it “BR” for breaking point. 
o Using a straight edge determine the Force at the breaking point and record it below. 
o Calculate the area of the specimen with the deformed diameter using the equation shown. 
o Calculate the breaking point stress. 

 
ForceBR =  

 

A= 
4


d2 

 

 

 
A
F

BR   

 
 
 
 
 
 
 
 
 
 
 
 



 Modulus of Resilience 

 

 A measure of a material’s ability to absorb energy up to the elastic limit. This modulus is represented 
by the area under the stress vs. strain curve from 0 lb to the elastic limit. Since we have a force, 
deflection curve you must use the following formula. All values can be found above where you solved 
for them already! 

 
 

  YPYPrU 
2

1
  

 
 
 

 

 Modulus of Toughness 

 

 A measure of a material’s ability to plastically deform without fracturing. Work is performed by the 
material absorbing energy from the blow or deformation. This measurement is equal to the area under 
the stress vs. strain curve from its origin through the rupture point. We must use the following 
equation for our graph. All values can be found above where you solved for them already! 

 

 
 

  ULTYPtotaltU  2
3

1
  

 
 
 

 
 

 
 



Name _____________________________________ 
Fluid Power 

 Fluid Power: The use of a fluid to transmit power from one location to another 
 
 
 
 
 
 
 
 
 
 
      
 
 
 
 
 
 
 
 

 Reservoir / Receiver 
– _________________________________________________ 

 Fluid Conductors 
– Pipe, tube, or hose that allows for flow between components 

 Pump / Compressor 
– _________________________________________________________________________________________________________ 

 Valve 
– Controls direction and amount of flow  

 Actuators 
– ________________________________________________________________________________________________________ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hydraulics Pneumatics 
 
 
 
 
 

Pneumatics: Gasses will fill their 
container completely and uniformly. 

_________________________________________________ 
 
 

 
_________________________________________________ 

 
________________________________________________ 

Hydraulics: 
_________________________________________________________ 

 
__________________________________________________ 

 

_________________________________________________________ 

 
_______________________________________________________ 

This makes hydraulic systems much more precise 
and powerful.  



 
 
 
 
 
 
 
 
 
 

 If the piston moves equally left or right when filling Port B or Port A, which side provides more 
volume displaced? 

 
 
 

  In which circumstance will the actuator move faster, extraction or retraction? 
 
 
 
Flow Rate: 

 Flow rate is measured in __________________________________ 
 
 
 
 
 

 Volume is measured in ____________________ and time is measured in _____________________ 
Flow Velocity: 

 The speed of a fluid moving through a system. This is measured in ___________________________. 
 
 
 
 
 

 d = distance fluid travels in __________________. 
 

 t is time to travel, measured in ________________________. 
 
 
Practice: 

 A garden hose is used to fill a five gallon bucket in 2 minutes. What is the flow rate of the water 
through the hose? 

 
 
  
 
 
 
 
 
 



 If the garden hose from the previous problem is 20 feet long and the water moves from the spigot 
to the end of the hose in 12 seconds, what is the waters flow velocity in inches per minute inside of 
the hose? 

 
 
 
 
 
 
 
 
 
 
How does area affect pressure and speed? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flow rate in terms of velocity and area: 

 Flow velocity is inversely proportional to the area: 
 
 
 
 

 Where  
 Q is the … 

 
 v is the … 

 
 

 and A … 
 
 
 
 

Fast moving fluid… 



 Practice: You have now put a small fitting on the end of the hose stated in the previous examples. 
Knowing that the fitting has a diameter of 0.35 inches, determine the new flow velocity of the 
water assuming the flow rate remains constant. 

 
 
 
 
 
 
 
 
 

 As the area is decreased, the velocity of the fluid decreases and the pressure drops.  When the 
pressure is lowered, that also affects the temperature. 
__________________________________________________________________: 

 
 
 
 
 
 
 
 
 
 
 
 
Explain eco-friendly air conditioner: 
 
 
 
 
 
 
 
 
Hydraulics: 

 The use of a ___________________________________________________________ to transmit power from one 
location to another 

 Remember: __________________________________________________________________________________________ 
Hydrodynamic Systems: 
 

 _______________________________________ (dynamic) 
 Force and energy is created by fluid flow through the turbines 

 
Hydrostatic Systems: 
 

 ___________________________________ (static) 
 Fluid is pressurized 
 Pressure creates force and energy  
 Most common in industrial settings 



Hydraulic Press: 
 The following hydraulic machine is used by exerting a force F1on piston A1. The fluid shown in the 

tubes is at rest and compresses very little to transfer the pressure through to the other piston. 
This results in the weight placed at F2 to lift vertically upward at piston A2. Is this considered 
hydrostatic or hydrodynamic? 

 
 
 
 
 
 
 
 
 
 
 

 Pascal’s Law: Pressure exerted by a confined fluid acts undiminished equally in all directions. 
Since this hydraulic press works by a confined fluid, this means that the pressure in piston A1 is 
__________________________ the pressure in piston A2. 

 Equations: 
 Pressure is directly proportional to the force applied but inversely proportional to the area 

of the piston:  
 
 
 
 
 

 The mechanical advantage of the hydraulic press can be determined by comparing the 
input and output forces 

 
 
 
 

 Since the pressure is equal we can combine equations… 
 
 
 
 
 
 
 
Practice:  
A force of 100. lb is applied to the input cylinder of the hydraulic press seen below. What is the pressure 
in the system? How much force can the output cylinder lift? What is the mechanical advantage of the 
system? 
  
 
 
 
 
 



Pneumatics: 
 The use of a ______________________________________________________ to transmit power from one location to 

another 
 Gas in a pneumatic system behaves like a spring since it is compressible. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Properties of Gasses: 

 Gasses are affected by 3 different things: 
 Temperature  
 _________________________________________________________________________________________________ 
 Pressure 
 _________________________________________________________________________________________________ 
 Volume 
 _________________________________________________________________________________________________ 
Absolute Temperature: 

 To convert from Farenheit to Rankine: 
 
 
 
 

 If you are not in Farenheit but rather Celsius, you must first convert from Celsius to Farenheit. 
 
 
 

 Rearranging yields: 

Gas Compressing:  
 

_______________________________________ 

Fluid does not compress:  
 

__________________________________________________________ 



Practice: 
 What is the reading of the following thermometer in Absolute Rankine? 

 
 
 
 
 
 
 
 
 
 
 
Absolute Pressure: 
 
___________________________________________: Pressure on a gauge does not account for atmospheric pressure on 
all sides of the system measured in psi 
 
___________________________________________: Atmospheric pressure plus gauge pressure measured in psi 
 
 
 
 
 
 
Note: You must convert to Absolute BEFORE doing any other equations! 
 
Example: 

 The gauge reading on the pneumatic cylinder reads 120 psi (lb/in2). What is the absolute 
pressure? 

 
 
 
 
Boyle’s Law: 
The volume of a gas at constant temperature varies inversely with the pressure exerted on it. 
 
 
 
 
Boyle’s Law Example: 
A cylinder is filled with 40. in.3 of air at a pressure of 60. psi. The cylinder is compressed to 10. in.3. What 
is the resulting absolute pressure? 
 
 
 
 
 
 
 
 



Charles’ Law: 
Volume of gas increases or decreases as the temperature increases or decreases, provided the amount of 
gas and pressure remain constant. 
 
 
 
Charles’ Law example: 
An expandable container is filled with 28 in.3 of air and is sitting in ice water that is 32°F. The container is 
removed from the icy water and is heated to 200.°F. What is the resulting volume? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gay-Lussac’s Law: 
Absolute pressure of a gas increases or decreases as the temperature increases or decreases, provided 
the amount of gas and the volume remain constant. 
 
 
 
 
Gay-Lussac’s Law Example: 
A 300. in.3 sealed air tank is sitting outside. In the morning the temperature inside the tank is 62°F, and 
the pressure gauge reads 120. lb/in.2. By afternoon the temperature inside the tank is expected to be 
close to 90.°F. What will the absolute pressure be at that point? 
 



 

 



Name ________________________                  Date _________ 
Stress, Strain, Deformation, Deflection and MOI Review 

 
1) Compute the tensile stress developed in a steel bar 3 inches by 3.5 inches, if it is subjected to an axial 

tensile load of 105 kips (105 kips = 105klbs = 105 x 103 lbs (use this information for future problems)). 
 
 
 
 
 
 
 
 
 
 

2) Using the fact that the structural steel in question has a cross sectional area of 27.7 in2, find the tensile 
stress if the member under test is a structural steel W27x94 and the load is 95.6 kips.  
 
 
 
 
 
 
 
 
 
 

3) Steel rod suspenders are to support water pipes in an electricity generating plant. If the rods are 3/8 
inch in diameter and have an allowable axial tensile stress of 25,500 psi, what is the allowable axial 
tensile load in the rods?  
 
 
 
 
 
 
 
 
 
 
 
 

4) A square metal rod must support an axial compression load of 1550 N. The allowable stress in the rod 
is 175 MPa. Find the dimensions of the rod. 
 
 
 
 

 



5) A short compression member with a cross sectional area of 22.3 in2, and 7 inches long is subjected to a 
45,000 pound compressive load. As a result, the length of the member is shortened to 6.45 inches. Find 
the strain in the member.  

 
 
 
 
 
 
 
 
 
 
 
 

6) A steel tube having an outside diameter of 7/8 inch and an inside diameter of ½ inch is subjected to an 
axial load of 4500 lb. It has a length of 24 inches. Compute the tensile stress in the tube and the total 
axial deformation. (Hint: you must find the total area by subtracting the outside area and the inside 
area) 

 
 
 
 
 
 
 
 
 
 

7) Beam A and beam B are oriented as shown. Which beam has a greater moment of inertia? 
 
 
 
 
 
 
 
 
 
 
 

8) Determine the moment of inertia of the beam shown (show your work): 
 
 
 
 
 
 

 

4.2 in 

1.6 in 



9) If the beam shown in #5 is 12 ft (note this is feet not inches) long and has a modulus of elasticity of 2.5 
x 106 psi and someone stands on it with a weight of 200lbs determine how much the beam will deflect. 
(show your work). 
 
 
 
 
 
 
 
 
 
 

10) If you increase the length of the beam will deflection increase or decrease? 
 
 
 
 
 
 

11) If you increase moment of inertia will deflection increase or decrease? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

12) If a solid beam has more moment of inertia than an I-beam and is sturdier and has less deflection, why 
would engineers choose to use I-beams in their design? 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

13)  What does each letter represent? 
 
 
 
 
 

14) Solve for the modulus of Elasticity of the material. 
 
 
 
 
 
 
 

15) If the diameter of the material is 0.0025 inches, determine the maximum force applied to the object 
before the material will no longer return to its original shape. 

 
 
 
 
 
 
 
 
 
 

1.68x10
6
 

Stress (psi) 

Strain 

0.013 

A 

B 

C 

D 

E 

F 



Name ________________________         Date __________ 

Test 

Stress, Strain, Deflection and Moment of Inertia 

1. What is the reading of the dial caliper measurement shown? 

 

 

 

 

 

 

 

2. In which orientation will a beam have a greater Moment of Inertia? 

   A. B. 

 

 

 

3. A beam is positioned as shown below.  Before a student stands in the middle, the beam is 7.015 inches above 

the ground.  When the student stands on the beam, the new height from the ground is 6.875 inches.  The 

student stood on the scale and it read 185 lbs.  The length between supports measured to be 13 feet.   

 

 

 

 

a. Solve for the moment of inertia of the beam in its current position. (Show all work including equations 

and substitutions with units). 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

8.025 in 

1.978 in 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=nqvlpkNJ9SvMbM&tbnid=5e37hRu1hUSBmM:&ved=0CAYQjRw&url=http://www.proprofs.com/quiz-school/story.php?title=dial-caliper-quiz&ei=_iUnU9yTCMOa0AHIiYCoDQ&bvm=bv.62922401,d.dmQ&psig=AFQjCNGtYUneFTb8x8lFyb1zWUtH7gG9ig&ust=1395160917818957


b. Solve for the modulus of elasticity of the beam.  (Show all work including equations and substitutions 

with units). 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

 

c. If the beam was flipped to stand upright (shown below). Solve for the new moment of inertia of the 

beam. (Show all work including equations and substitutions with units). 

 

 

 

 

 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

 

d. Solve for how much the beam would deflect if the same student were to stand on it. (Show all work 

including equations and substitutions with units). 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

 

 

8.025 in 

1.978 in 



4. Which stress vs. strain curve depicts a material that is ductile and not brittle? 

 

A. B. 

 

 

 

 

5. A 3” by 6” rectangular piece of steel, that is 380” long between centers of the pins at its ends, is used as the 

diagonal member in a bridge. If the total tensile load in the steel is 60,000 pounds and the modulus of elasticity 

is 30,000,000 psi, calculate how much the member deforms. (Show all work including equations and 

substitutions with units). 

 

 

 

 

 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

 

 

 

 

 

 

 

 



Refer to the following stress vs. strain curve for the remainder of the questions.  Note for future problems: The stress at 

point A is 5.68 x106 psi (y-axis). The strain at point A is 0.175 (x-axis). 

 

 

 

 

 

 

 

 

 

 

 

 

6. Which letter represents the maximum or ultimate tensile stress? ________ 

7. Which letter represents the yield point? _______ 

8. Which letter represents the proportional limit? _______ 

9. Which letter represents the failure point? _______ 

10. Which letter represents the plastic region? _______ 

11. Which letter represents the elastic region? _______ 

 

12. If the original length of the specimen was 4.528 inches, solve for the deformation of the specimen when it 

reaches point A. (Show all work including equations and substitutions with units). 

 

 

 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

 

 

A 

B 

   D 

      C 

E 

F 



13. Solve for the modulus of elasticity of the material. (Show all work including equations and substitutions with 

units). 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

 

14. If 450 lb was exerted on the specimen to get it to point A on the graph, determine the diameter of the rod. 

(Show all work including equations and substitutions with units). 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Bonus: 

15. Determine the modulus of resilience of the material depicted in the graph above. (Show all work including 

equations and substitutions with units). 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 



Centroids 



What is a Centroid? 
 Object’s center of gravity or center of 

mass 

 Graphically labeled as  



Centroid Principles 

 Object is in state of equilibrium if 

balanced along its centroid 



Centroid Principles 
 One can determine a centroid location 

by utilizing the cross-section view of a 

three-dimensional object. 



Centroid Location 
Symmetrical Objects 

 Centroid location is determined by an 

object’s line of symmetry. 

Centroid is 

located on the 

line of symmetry. 



If there is multiple lines of 
symmetry… 

The centroid is located at 

the intersection of the lines 

of symmetry. 



Centroid Variables 
• If you are looking for a centroid we are 

determining a set of coordinates.  

o The x location of the centroid is denoted by  

Pronounced “x bar” 

o The y location of the centroid is denoted by  

Pronounced “y bar” 

o The z location of the centroid is denoted by 

Pronounced “z bar”  

x

y

z



H 

B 

Centroids of Simple Shapes 
The centroid of a Rectangle or Square is 

exactly half of the base and half of the height. 

 

Rectangle or Square 

x y

Base

2

Height

2



H 

B 

Centroid of Simple Shapes 
For right triangles the location of the centroid can be 
determined by a third of the base and height. This 
must be counted from the right angle of the triangle.                
     Beware if the triangle is flipped. 

 

Right Triangle 

x y

Base

3

Height

3



Centroid of Simple Shapes 
The centroid of a ½ circle or semi-circle is 
located at a distance of 4R/(3π) away from the 
axis on its line of symmetry 

.849in. 

 

Semi Circle (in this 
orientation) 

One radius 

x y

4R

3p( )



How to find x and y 
locations 

• Keep in mind when reading coordinates you always 

begin at the origin and move laterally for the “x” 

and vertically for the “y” 

• Our shapes will be located in the first quadrant 

which means we will always be moving to the right 

for the “x” and up for the “y” 



Try different orientations 

A B C 

 
 
 
 

 
 
 
 

x

y

A 
B C 

Base

3

Height -
Height

3

Height

3

Base-
Base

3

Height -
Height

3

Base-
Base

3

5 

8 5 

5 
8 

8 

Base/3 

Height/3 
Base/3 

Height/3 

Base/3 

Height/3 



Continued… 

A 
B 

A B 

 
 
 
 

 
Half of the base 

 
  Half of the base 
 

 
 
 
 

x

y
Height

3 Height -
Height

3

8 

10 

8 

10 



Try different orientations 

A B C 

 
 
 
 

One radius to 
the right 

 
 
 
 

One radius 
up 

One radius 
up 

 

x

y

A 
B C 

Radius-
4R

3p( )

Radius-
4R

3p( )

4R

3p( )

R=2 

R=2 

R=2 



Complex Shapes 1st Step 
• For a complex shape the first step is to break the 

object up into simpler shapes. 

 

 

4 3 

3 

5 

2 



Complex Shapes 2nd Step 
• Choose the first shape and find the x and y location 

of it’s individual centroid. Be sure to adjust the 

centroid to count from the origin. 

4 3 

3 

5 

2 x =
4

2
= 2

Shape #1 

y =
5

2
= 2.5



Complex Shapes 2nd Step 
continued… 

 

4 3 

3 

5 

2 

Shape 
#2 

x =
3

2
=1.5

y =
3

2
=1.5

From the origin 4 + 1.5 = 5.5 



Complex Shapes 2nd Step 
Continued… 

4 3 

3 

5 

2 Shape 
#3 

x =
3

3
=1

y =
2

3
= 0.67

Adjust from the 
origin: 4 + 1 =  

5 

Adjust from the 
origin: 3 + 0.67 = 

 3.67 



Practice: 
• Break up the following complex shapes and 

determine the the centroid location for each 

shape. Be sure to adjust it to the origin. 

5 

8 

R=2 

8 

6 

15 

7 

10 

4 

10 



Equations for overall centroid 

location in a complex shape 

• Once you determine the x,y and z 

centroid locations for various shapes 

you combine these with the areas of 

the shapes using the following 

formulae: 
 

 x =
xiAiå
Aiå

y =
yiAiå
Aiå

z =
ziAiå
Aiå



Explanation of Variables 

 
 
 

Overall centroid 
location for that axis. 

 
 
 

Centroid location 
within the simple 

shapes 
 
 
 

Area of simple shapes 

x y z

xi yi zi

Ai

x =
xiAiå
Aiå



Complex Shapes 3rd Step: 
• Solve for the overall centroid location: 

4 3 

3 

5 

2 
It is always best to 

estimate the 

centroid location. 

This is to assure 

that your final 

answer makes 

sense and you 

did not make a 

calculation error.  

This centroid would 
be x=3.5, y=2.5 if the 
triangle was not cut 

out. The missing 
triangle will therefore 

shift the centroid to 
the left and down. 

Therefore we know 
x<3.5 and y <2.5 



Complex Shapes 4th Step: 
• We will need the areas for the  

4 3 

3 

5 

2 

Area of 
Shape 1: 

Rectangle 
 

A=bh A=4x5 
 

20 

Area of 
Shape 2: 

Rectangle 

A=bh A=3x3 
 
9 

Area of 
Shape 3: 
Triangle 

A=1/2(bh) A=1/2(2x3) 
 

3 



Complex Shapes 5th Step 
 

x =
xiAiå
Aiå

=
(2´20)+ (5.5´9)+ (5´3)

(20 + 9 +3)
= 3.265

y =
yiAiå
Aiå

=
(2.5´20)+ (1.5´ 9)+ (3.67´3)

(20 + 9 +3)
= 2.328



Practice: 
• Determine the overall centroid of the complex 

shapes below: 

5 

8 

R=2 

8 

6 

15 

7 

10 

4 

10 



What if there is missing 
shapes? 

2 

3 

4 

6 

4 

5 

5 

For missing 
shapes you do 
everything the 

same; 
however, treat 
the area as a 

negative area. 
Be sure to 

plug it in as a 
negative in 
the overall 
complex 

shape 
equation. 



Shape #1 

Shape #2 

 
 

Shape 
#3 

2 

3 

4 

6 

4 

5 

5 

Shape1

x =
12

2
= 6

y =
14

2
= 7

Area = bh =12 ´14 =168

Shape2

x =
4

2
= 2® 2 + 2 = 4( fromorigin)

y =
3

2
=1.5

Area = bh = 4´3 =12® -12(negativearea)

Shape3

x =
4r

3p
=

4(2.5)

(3p )
=1.061®12 -1.061=10.939( fromorigin)

oneradius = 2.5® 2.5+ 4 = 6.5( fromorigin)

Area =
pr2

2
=

p (2.5)2

2
= 9.817® -9.817(negativearea)



 

x =
xiAiå
Aiå

=
(4´-12)+ (6´168)+ (10.939´-9.817)

(-12 +168- 9.817)
= 5.832

y =
yiAiå
Aiå

=
(1.5´-12)+ (7´168)+ (6.5´-9.817)

(-12 +168- 9.817)
= 7.485



Practice 
• Determine the overall centroid location of the 

following complex shape using the method of 

missing shapes: 

5 3 

2 

7 

2 

3 

8 

8 



Name _____________________________________       Date________________ 
 

Centroids 
What is a Centroid? 
 
 
 
 
 
 
 
 
Symmetrical Objects 
 Centroid location is determined by _______________________________________________________________________ 
 
 
 
 
 
 
 
 
 
If there are multiple lines of symmetry: The centroid is located at the _________________________________________ 
 
__________________________________________________________________. 
 
 
 
 
 
 
 
 
 

• If you are looking for a centroid we are determining a set of coordinates.  
 

 The x location of the centroid is denoted by  
 

o The y location of the centroid is denoted by  
 

o The z location of the centroid is denoted by 
 

Centroid of a Rectangle or Square: 
 
 
 
 
 
 
 

 
Rectangle or Square 

 
 
 

 

 
 
 

 



 
 

Right Triangle 
 

 
 
 

 

 
 
 

 

 
 
Try different orientations: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Complex Shapes 1st Step: 
Label the dimensions and break the complex shape into simpler shapes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Complex Shapes 2nd Step: 
Solve for the x and y centroid of the first simple shape: 
 
 
 
 
 



 
Solve for the x and y centroid of the second simple shape 
 
 
 
 
 
 
Solve for the x and y centroid of the third simple shape. 
 
 
 
 
 
 
 

• Practice: Break up the following complex shapes and determine the the centroid location for each 
shape. Be sure to adjust it to the origin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Equations for overall centroid location in a complex shape 
• Once you determine the x,y and z centroid locations for various shapes you combine these with 

the areas of the shapes using the following formulae: 
 
 
 
 
 
 
 
 
 

 
 
 
 

Overall centroid location for that axis. 
 

 
 
 
 

Centroid location within the simple shapes 
 

 
 
 
 

Area of simple shapes 
 

 
 
Complex Shapes 3rd Step: 
 
 
It is always best to estimate the centroid location. This is to assure that your final answer makes sense 
and you did not make a calculation error.  
 
This centroid would be x=3.5, y=2.5 if the triangle was not cut out. The missing triangle will therefore  
 
____________________________________________________________________________________________________________________ 
 
____________________________________________________________________________________________________________________ 
 
Complex Shapes 4th Step: 
 
 Equation for Area Area of each shape 
Area of Shape 1: Rectangle 
 

 
 
 

 

Area of Shape 2: Rectangle 
 

 
 
 

 

Area of Shape 3: Triangle 
 

 
 
 

 



Complex Shapes 5th Step: Solve 
 

 
 
 

 
 
Practice: Determine the overall centroid of the complex shapes below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

x =
xiAiå
Aiå

y =
yiAiå
Aiå



What if there is missing shapes? 
For missing shapes you do everything the same; however, ___________________________________________________. 
Be sure to plug it in as a negative in the overall complex shape equation. 
 
Solve for the overall centroid of the following complex shape below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Practice: 
• Determine the overall centroid location of the following complex shape using the method of 

missing shapes: 
 



Name _________________________ 

Challenge: 

For the problem shown show all work on calculating the centroid of this complex shape. Show all work! You will then cut 

this shape out of foam board. Be sure to cut to scale! You should double all of the dimensions to ensure that the shape is 

large enough and easier to cut out. You will then locate the centroid and hang the complex shape from a string to see if 

it balances well. 

 



Name _____________________________         Date _____________ 

Centroid Assessment II 

1. Solve for the centroid of the following complex shape. You must show work for the final �̅� and �̅� including 

equations and substitutions with units and final answer with correct units. 

 

 

3 in 

 

 

 

 8 in 10 in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  

 

Formula Equations and substitutions with correct units Final answer with 
correct units 

 
 
 
 
 
 
 

  



 

BONUS 

Solve for the centroid of the following complex shape. A bonus will only be given if there is scratch work and a correct 

answer for the final �̅� and �̅�.  Circle your final answers. 

 

           

 

 

 6 in 

 

         14 in 

 R=6 in 

 

 

 6 in 

 

 

 

 

 

 



Name ________________________          Date _______ 

Centroid Assessment 

1. Solve for the centroid location for the following complex shape.  You may show scratch work below for 

individual 𝑥′𝑠, 𝑦′𝑠 and areas. However, you MUST show your equations and substitution with correct units and 

final answers with correct units for the overall 𝑥 and 𝑦! 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Equation Substitution WITH UNITS Final answer WITH 
UNITS 

 
 
 
 

  

 

 

 

Equation Substitution WITH UNITS Final answer WITH 
UNITS 

 
 
 
 

  

6 in 

 4 in 

 3 in 

2 in 
2 in R = 1 in 



Thermodynamics 
 
Curricular Goals: 
The students will: 

 Test and apply the relationship between voltage, current, and resistance relating to a photovoltaic 
cell and a hydrogen fuel cell. 

 Experiment with a solar hydrogen system to produce mechanical power. 
 Design, construct, and test recyclable insulation materials. 
 Test and apply the relationship between R-values and recyclable insulation. 
 Complete calculations for conduction, R-values, and radiation. 

 
NYS Technology Education Standards: 

 Engineering Design 
 Tools, Resources and Technological Processes 
 Computer Technology 
 Technology Systems 
 Performance Indicators 
 Management of Technology 

 
Misconceptions: 

 Hydrogen fuel cells create electricity rather than just store electricity. 
 Objects become colder rather than less hot. 
 Energy transfer can be 100% efficient. 

 
Daily Lesson Overviews: 
A full lesson plan is provided for Day 2-5 
 
Day 1: Hydrogen Fuel Cell 

 Aim: What limitations affect electricity production using hydrogen fuel cells and solar cells? 
 Materials: Hydrogen Fuel Cell PowerPoint 
 Motivation: Students will learn the basic functionality and benefits of Hydrogen Fuel Cells 
 Procedure: 

o Teacher will present the Hydrogen Fuel Cell PowerPoint 
o Students will take notes as appropriate 

 Assessment: Student’s responses to questions throughout presentation 
Day 2-5: Hydrogen Fuel Cell Automobile 

 Aim: How can system configuration affect voltage and current? 
 Materials: Act 1 – Hydrogen Fuel Cell Car & Assembly, Hydrogen Fuel Cells, Solar Panels, Distilled 

Water, Alligator Clips, Digital Multimeters, Voltage Supply, and Assorted Fischertechnik Parts 
 Motivation: Students will gain hands on experience working with a Hydrogen Fuel Cell 
 Procedure: 

o Teacher will distribute Act 1 – Hydrogen Fuel Cell Car & Assembly 
o Teacher will briefly describe the necessary tasks, measurements and data to be collected 

during the activity 
o Teacher will break students up into heterogeneous groups of three 
o Students will assemble the designed hydrogen fuel cell car and measure and collect 

necessary data 
o Students will compile the information in an engineering write-up to be handed in 
o Students will be encouraged to adapt their hydrogen fuel cell cars to make them faster and 

race to see who has the best design 



 Assessment: Successful completion and write-up of Act 1 
Day 6-7: Laws of Thermodynamics 

 Aim: How does thermodynamics relate to energy and power? 
 Materials: Intro to Thermodynamics PowerPoint 
 Motivation: Students will learn how to use the laws of thermodynamics and their corresponding 

formulas to solve engineering problems 
 Procedure: 

o Teacher will present Intro to Thermodynamics PowerPoint  
o Students will take notes as appropriate 

 Assessment: Student’s responses to questions throughout presentation 
Day 8-10: Thermodynamics Practice 

 Aim: What are some everyday examples of the First and Second Laws of Thermodynamics? 
 Materials: Act 2 – Thermo Practice Problems, Pen, Paper, Calculators 
 Motivation: Students will be able to practice calculations regarding thermodynamics laws 
 Procedure: 

o Teacher will break students up into homogeneous groups 
o Students will work on practice problems and present them in proper engineering form 

 Assessment: Student correct completion of the practice problems 
Day 11-15: Insulation 

 Aim: How does thermodynamics relate to energy and power? 
 Materials: Renewable Insulation Project, Heat box apparatus, Temperature probes, Insulation 

materials, Rulers 
 Motivation: Students will gain a hands on experience designing and testing an apparatus to 

control the thermodynamics of a system 
 Procedure: 

o Teacher will distribute Renewable Insulation Project 
o Teacher will briefly describe the necessary tasks, measurements and data to be collected 

during throughout the project 
o Students will break themselves up into groups of three 
o Students will design, assemble, and test the Renewable Insulation Device 
o Students will compile the information in an engineering write-up and presentation 

 Assessment: Successful completion and write-up of project 
Day 15-18: Presentations 

 Aim: What is the proper way to present a engineering design brief? 
 Materials: PowerPoint 
 Motivation: Students will gain experience in public speaking and the presentation of an 

engineering design 
 Procedure: 

o Students will present their Renewable Insulation Projects 
 Assessment: Successful presentation of Renewable Insulation Projects 

Day 19: Test 
 Aim: To assess students retention and understanding of the unit’s topics 
 Materials: Thermodynamics Exam, Pen or Pencil, Calculator, Reference Table 

 
  



Day 2-5 Lesson Plan 
 
Unit: Thermodynamics 
Lesson: Hydrogen Fuel Cell Automobile 
NYS Tech Ed Standards: 

 Engineering Design 
 Tools, Resources and Technological Processes 
 Computer Technology 
 Technology Systems 

 
Aim: How can system configuration affect voltage and current? 
 
Materials:  

 Act 1 – Hydrogen Fuel Cell Car  
 Act 1 – Hydrogen Fuel Cell Car Assembly 
 Hydrogen Fuel Cells 
 Solar Panels 
 Distilled Water 
 Alligator Clips 
 Digital Multimeters 
  Voltage Supply 
 Assorted Fischertechnik Parts 

 
Procedure: 

 Teacher will distribute  
o Act 1 – Hydrogen Fuel Cell Car  
o Act 1 – Hydrogen Fuel Cell Car Assembly 

 Teacher will briefly describe the necessary tasks, measurements and data to be collected during 
the activity 

o Students will first have to assemble their hydrogen fuel cell cars 
o Students will measure  

 Voltage  
 Current 

o Students will calculate power 
 With load 
 Without load 

o Suggested deadlines 
 Day 1 – Complete Car Assembly 
 Day 2 & 3 – Measurements, Calculations 
 Day 4 – Write-Up and Data Presentation 

 Teacher will break students up into heterogeneous groups of three 
 Students will assemble the designed hydrogen fuel cell car and measure and collect necessary data 
 Students will compile the information in an engineering write-up to be handed in 
 Students will be encouraged to adapt their hydrogen fuel cell cars to make them faster and race to 

see who has the best design 
 
Conclusion: Through this activity students gain a more hands on understanding of thermodynamics and 
its applications.  Students will also continue to gain experience working in teams and presenting. 
 
Assessment: Successful completion and write-up of Act 1 



Hydrogen Fuel Cell 



Trends in the Use of Fuel 

Wood Coal Oil Natural
Gas

Hydrogen

Percentage of hydrogen content in fuel



19th century:   

steam engine 

20th century: 

 internal combustion engine 

21st century: fuel cells 



The History of Fuel Cells 

Electrolyser 

Grove’s Gas Battery 
(first fuel cell, 1839) 

(after Larminie and Dicks, 2000) 



Bacon’s laboratory in 1955 

Photo courtesy of University of Cambridge 



NASA Space Shuttle fuel cell 
Photo courtesy of NASA 



Applications for Fuel Cells 

 Transportation vehicles 

   

Photo courtesy of DaimlerChrysler 

NECAR 5 



Distributed power stations 

Photo courtesy of Ballard Power Systems 

250 kW distributed cogeneration power plant 

Applications for Fuel Cells 



Home power 

Photo courtesy of Plug Power 

7 kW home cogeneration power plant 

Applications for Fuel Cells 



  Portable power 

50 W portable fuel cell with metal hydride storage 

Applications for Fuel Cells 



Hydrogen + Oxygen   Electricity + Water  

Water 

A Simple PEM Fuel Cell 



Hydrogen Storage 

56 L 

14 L 

9.9 L 

Liters to store 1 kg hydrogen 

Compressed gas   

(200 bar) 

Liquid hydrogen MgH2  

metal hydride 



Hydrogen:  Energy Forever 

Fuel tank Reformer 

H2 

 

Hydrogen bottles 

H2 

 

H2 

 

Hydrogen bottles 

H2 

 

Algae 

H2 

 

Hydrogen bottles 

H2 

 

Solar panel Electrolyser 



Renewable Energy Sources 

As long as the sun shines, the wind blows, or the rivers flow, there 

can be clean, safe, and sustainable electrical power, where and 

when required, with a solar hydrogen energy system 

Micro hydro

 
Storage

H2

Oxygen

Oxygen

WaterWater

Fuel
CellElectrolyzer

Solar Cell

Wind



Benefits of  

Fuel Cells 

Modular 

Clean 

Quiet 

Sustainable 

Efficient 

Safe 

The Benefits of Fuel Cells 



Name ____________________________________         Date_________________ 
Practice 1 

Flow Rate/Flow Velocity 
You must show ALL work for credit and circle your final answers with correct units! 

1. A garden hose fills a bucket with 900 in3 volume of water in 350 seconds. Determine the flow rate 
in gallons per minute (gpm) 

 
 
 
 
 
 
 
 

2. What diameter must the hose be in the previous problem in order for the water to leave the hose 
with a velocity of 1500 in/min? 

 
 
 
 
 
 
 
 

3. A hydraulic fluid travels through a pipe at 1200 in/min. the pipe has an inner diameter of 1.25 
inches. What is the hydraulic fluid’s flow rate in gallons per minute? 

 
 
 
 
 
 
 

4. A fluid leaves the opening of a valve travelling 20 feet in 1.5 minutes. If the diameter of the circular 
opening is 0.55 inches, determine the flow velocity of the fluid. 

 
 
 
 
 
 
 

5. Determine the flow rate of the fluid mentioned in the previous problem. 
 
 
 



Introduction to 
Thermodynamics 



Thermodynamics 



Thermodynamics 
• Movement of Thermal (Heat) Energy 

• The study of the effects of work, heat flow, 
and energy on a system 

  

SYSTEM 

SURROUNDINGS 

BOUNDARY 



Thermal Energy versus Temperature 
 Thermal Energy is kinetic energy in transit from one 

object to another due to temperature difference. 
(Joules) 

 Temperature is the average kinetic energy of 
particles in an object – not the total amount of 
kinetic energy particles. (Degrees) 

Temperature #1 Temperature #2 

Heat 



Temperature Scales 
Scale Freezing 

point of water 

Boiling point 

of water 

Celsius 0°C 100°C 

Fahrenheit 32°F 212°F 

Kelvin 273K 373K 

• Matter is made up of molecules in motion (kinetic 
energy)  

• Absolute Zero occurs when all kinetic energy is 
removed from a object  0 K = -273° C 



Thermodynamic Equilibrium 
 Thermal equilibrium is obtained when touching 

objects within a system reach the same temperature. 
  

 When thermal equilibrium is reached, the system 
loses its ability to do work.  

 Zeroth Law of Thermodynamics: If two systems are 
separately found to be in thermal equilibrium with a 
third system, the first two systems are in thermal 
equilibrium with each other. 

Object #2 Object #3 

Object #1 

(Thermometer) 

Object #1 Object #2 



Thermal Energy (heat) Transfer 
 The transfer or movement of thermal energy 

  Most common types of transfer   

• Convection 

• Conduction 

• Radiation 

  100% efficiency is unattainable  

  ALL processes are irreversible 

 



1st Law of Thermodynamics 
 Law of energy conservation applied to a thermal 

system 

• Thermal energy can change form and location, 
but it cannot be created or destroyed. 

• Thermal energy can be increased within a 
system by adding thermal energy (heat) or by 
performing work in a system. 



1st Law of Thermodynamics 

Pumping the handle results in what? 

• Applying mechanical energy into 
the system 

• Mechanical energy is converted 
into thermal energy through 
friction (the pump becomes hot) 

The total increase in internal energy of 
the system is equal to what? 

• The applied mechanical energy 
©iStockphoto.com  



2nd Law of Thermodynamics 
 Thermal energy flows from hot to cold 

When you touch a cooked 

pizza with your hand, 

thermal energy flows in 

what direction? 

When you touch a frozen 

pizza with your hand, 

thermal energy flows in 

what direction? 
Hand → Pizza 

Pizza → Hand 
©iStockphoto.com  

©iStockphoto.com  



2nd Law of Thermodynamics 
 Entropy is the measure of how evenly 

distributed heat is within a system. 

 - A system tends to go from order to disorder 

Order Disorder 

Firewood has low entropy (molecules in order) when stacked 

and high entropy when burning (molecules in disorder).  

The total amount of energy in the world does not change, but 

the availability of that energy constantly decreases.  



Thermal Energy Transfer 
Convection 

The transfer of thermal energy by movement of 
fluid (liquid or gas) 

 When fluid is heated, it expands, becomes less 
dense, and rises.  

 
Boiler heating systems 

circulate heat 

throughout a home 

without pumps through 

the use of convection.  



Thermal Energy Transfer 
Conduction  

The transfer of thermal energy within an object 
or between objects from molecule to molecule 

A metal spoon placed in a hot 

cup of soup will feel warm to 

your hand. The heat from the 

soup is conducted through the 

spoon. ©iStockphoto.com  



Thermal Energy Transfer Equations 

Q = m c ΔT 

Q = energy transfer (Joules)

m =massof thematerial(kilograms)

c =specific heat capacity of  the material (J/kg C)

ΔT = change in temperature

o



Thermal Energy Transfer Equations 

Q
P =

Δt

k A ΔT
P =

L

 

P = rate of energy transfer (Watts)

Q = energy transfer (Joules)

Δt =change in time(seconds)

k = thermal conductivity

A = area of thermal conductivity

L = thickness of material

ΔT = difference in temperature

P L
k =

A ΔT







Q 

Calculate the energy transferred 

when a block of aluminum at 

80.0°C is placed in 1.00 liter 

(1kg) of water at 25.0°C if the 

final temperature becomes 

30.0°C. 

Calculating Energy Transfer 



Q 

Calculate the energy transfer in a  wall section 

measuring 2m by 1m by 0.04m thick with a 

thermal conductivity of 0.10        .  

Opposing sides of the wall section have a 

temperature of 10°C and 5°C after one hour.   

J

s×m×°C

Calculating Energy Transfer 



U-Value 

 The measure of a material’s ability to 
conduct heat 

  

   2

Btu

ft hr °F

  2

W

m °C

Coefficient of Heat Conductivity 

U.S. customary system 

Metric system 

P
U =

AΔT



R-Value 

The measure of a material’s ability to resist 

heat 

The higher the R-value, the higher the 

resistance 

Bulk R-value = 

 R-value Object 1 + R-value Object 2 + … = Total R-Value 

Thermal Resistance of a Material 

1
R =

U

P
U =

AΔT



Determine the R-value of the wall cavity below 

5/8 in. drywall 

(R=0.56) 

Fiberglass batt 

(R=19) 

1 in. foil-faced polyisocyanurate 

(R=7.20) 
1 in. air space 

(R=0.17) 

Brick 2 ¼ x 3 ½ x 8 

(R=0.8) 

2x6 construction 

(2x6 R=6.88) 

    0.56 

+19.00 

+  7.20 

+  0.17 

+  0.8 

= 27.7 

Wall cavity R-value What is the R-value 

at a stud location? 

    0.56 

+  6.88 

+  7.20 

+  0.17 

+  0.8 

=15.6 

Calculating R-Value 



Thermal Energy Transfer 
Radiation 

The process by which energy is transmitted 
through a medium, including empty space, as 
electromagnetic waves  

e emissivity constant

T temperature in Kelvin 





Electromagnetic waves transfer 

to food and other matter  

All objects lose and gain  

thermal energy by 

electromagnetic radiation. 

4 4

net 2 1P = σAe(T -T )

-8

2 4

P = radiated energy transfer

W
σ = Stefan's constant = 5.6696x10

m ×K

A = area

Stefan’s Law 

©iStockphoto.com  



Thermal Energy Transfer 
Prior to dressing for school, a student watches 

the morning weather to decide what clothes to 

wear. The bedroom is 65ºF and the student’s 

skin is 91.4ºF. Determine the net energy 

transfer from the student’s body during the 

15.0 minutes spent watching the morning 

weather. Note: Skin emissivity is 0.90, and the 

surface area of the student is 1.30m2.  



Applications of Thermal Energy 

http://www.nrel.gov 



Examples of Solar Energy 

All images were obtained from the following URL: http://www1.eere.energy.gov  



Geothermal Energy 
Energy generated from the thermal energy 

stored beneath the Earth’s surface  

Also refers to the heat that is collected from 

the atmosphere; for instance, near the oceans 



 
Thermodynamics Activity 1 – Hydrogen Fuel Cell Car Assembly 

 
Equipment 

 

Wire 
Nylon tie 
1.5-3V DC motor with 
gear – Radio Shack 
Fuel cell 
Solar cell 

fischertechnik® components: 
a. Building 

block 30 mm 
x16 

 

 i. Hinged block 
tab 

x1 

 
b. Building 

block 30 mm 
with bore 

x1 

 

 j. Hinged block 
claw 

x1 

 

c. Building 
block 15 mm 

x16 

 

 k. Building 
block 5 mm 

x2 

 

d. Building 
block 15 mm 
with 2 pins 

x7 

 

 l. Building 
block 5 mm 
with 2 pins 

x2 

 

e. Hub nut x4 

 

 m. Link 15 mm x1 

 
f. Flat hub 

chuck 
x4 

 

 n. Metal axle 90 
mm 

 

 

g. Clip 10 mm 
with spring 
ring 

x2 

 

 o. Metal axle 
170 mm 

 

 

h. Upper rotary 
switch with 
toothing 

x1 

 

 p. Tire 45 x3 

 

 
 
 
 
 
 



Procedure 
Assembly 1: Two assemblies needed 
Attach end to end three 30 mm building blocks. 

 
Assembly 2: Two assemblies needed 
Attach end to end a 30 mm building block and a 5 mm 
building block with two pins.  

 
Assembly 3: Two assemblies needed 
Attach end to end a 30 mm building block and a 5 mm 
building block. 

 
Assembly 4: Two assemblies needed 
Attach two 15 mm building blocks to the side of 
assembly 1.  

 
Assembly 5: Two assemblies needed 
Attach assembly 2 and 3 to assembly 4. 

 
Assembly 6: 
Attach 15 mm link to the side of a 15 mm building 
block with two pins. 

 
Assembly 7: 
Attach assembly 6 to one assembly 5. 

 
Assembly 8: 
Attach both assembly 5 components together, 
connecting them at the 5 mm building blocks. 

 
Assembly 9: Two assemblies needed 
Attach hub nut, flat hub chuck, and tire 45.   

 



Assembly 10: 
Attach two 10 mm spring clips to the 170 mm metal 
axle. Insert the ends of the 170 mm metal axle into the 
side of a 15 mm building block. The 15 mm building 
block pins should face outward.   

 

 

Assembly 11: 
Attach assembly 9 to assembly 10. 

 
Assembly 12: 
Attach assembly 11 to assembly 8. Assembly 8 should 
have two 30 mm building blocks with pins facing 
outward to attach to assembly 11.   

 
Assembly 13: 
Attach a 15 mm building block with two pins to the 
side of a 15 mm building block. With the 15 mm 
building block’s pin facing downward, attach a second 
15 mm building block by its side and with its pin 
facing outward.   

 
Assembly 14: 
Attach flat hub chuck, hub nut, and upper rotary 
switch with toothing. Insert 90 mm metal axle into 
side of 15 mm building block and rotary switch 
assembly. Attach flat hub, hub nut, and tire 45. Attach 
tire 45 assembly with hub nut facing outward to 90 
mm metal axle. 

 
Assembly 15: 
Attach assembly 13 to assembly 14. 

  



Assembly 16: 
Attach a 15 mm building block with two pins to the 
side of a 15 mm building block with its pin facing 
downward. Attach a second 15 mm building block 
below the first 15 mm building block with its pin 
facing outward. Attach a third 15 mm building block 
by its side to the pin on the 15mm building block 
facing outward. 

 
Assembly 17: 
Attach assembly 16 to the back of assembly 12. 

 
Assembly 18: 
Attach assembly 15 to assembly 17. 

   
Assembly 19: 
Attach end to end two 30 mm building blocks. 

 
Assembly 20: 
Attach three 15 mm building blocks to assembly 19, 
with one 15 mm building block on each side and one 
on top with its pin facing sideways. 

 



Assembly 21: 
Attach a 15 mm building block to the 15 mm block on 
the side shown. 

 
Assembly 22: 
Attach assembly 21 to assembly 18 by sliding 
assembly 21 into the red 15 mm link. 

 
Assembly 23: Two assemblies needed 
Attach end to end a 30 mm building block and 15 mm 
building block. 

 
Assembly 24: Two assemblies needed 
Attach a 30 mm building block and 15 mm building 
block perpendicular to each other. 

 
Assembly 25: Two assemblies needed 
Attach assembly 23 and 24. 

  
Assembly 26: 
Attach both assembly 25 components to assembly 22. 

 



Assembly 27: 
Fasten 1.5-3V DC motor to 30 mm building block with 
bore using a nylon tie. 

 
Assembly 28: 
Attach hinged block tab and hinged block claw. Attach 
15 mm building block with two pins to hinged block 
claw. Attach side of 15 mm building block to hinged 
block tab.   
Assembly 29: 
Attach assembly 27 to assembly 28. 

 
Assembly 30: 
Attach assembly 29 to assembly 18. Notice that you 
can slide assembly 29 forward and back. Position 
assembly 29 so that the motor gears are aligned with 
the upper rotary switch with toothing. 

 
Assembly 31: 
Remove 15 mm building block from tower and insert 
fuel cell into base of car. The fuel cell should fit within 
the car opening and should hang down ¾ in.   

 



Assembly 32: 
Insert 15 mm building block into tower to secure fuel 
cell. 

   
Assembly 33: 
Slide solar cell into tower. Make sure that the groove 
on the solar cell slides over the 15 mm building block 
pin. 

  
Assembly 34: 
Insert 15 mm building block to secure solar cell. 

 



 
 



Name: ________________________________________________ 
 

Thermodynamics Activity 1: Hydrogen Fuel Cell Car 
 
Purpose 
In this activity your team will use a solar panel to produce electricity. You will use the electricity from the 
solar panel to separate hydrogen from oxygen, harness the hydrogen, and then use the hydrogen as fuel. 
 
Equipment 

 Hydrogen fuel cell  
 Solar panel 
 Solar hydrogen automobile 
 Wires 
 Multimeter or other probes for measuring voltage and current 
 Distilled water   
 Light with a 120 Watt PAR38 incandescent bulb, or as recommended in the manufacturer’s 

instructions 
 Stopwatch or other timing device 
 Tape measure 
  5-10 ohm resistor  

 
Procedure 

1. Read the Fuel Cell User Guide.  
2. Follow the directions in the Fuel Cell User Guide under 

the section Preparing the Fuel Cell for Use.  
 

 
 

3. Set your multimeter to measure voltage. Connect 
multimeter test leads to the solar panel terminals.  Shine 
the light source on the solar panel always keeping at 
least 8 inches of separation between the two.  Move the 
solar panel or light source to determine the location that 
produces the highest voltage value.  You may want to 
mark the positions with some tape.  Record the no load 
voltage value. 

 



4. Set your multimeter to measure current. Return the 
solar panel to the same exact position that produced the 
highest voltage value and measure the system’s current. 
Record the no load current value. 

 
 

5. Calculate the amount of wattage produced by the solar 
panel. 

 

 

6. Attach the solar panel to the solar hydrogen automobile. 
Position the automobile drive motor so that its gear is 
not in contact with the red drive gear. Connect the 
automobile motor leads to the solar panel. Position the 
light source to produce maximum voltage leaving a 
minimum distance of 8 inches between solar module 
and the lamp.  Is there enough power to turn the motor?  
 

7. Engage the drive gear by letting the motor gear rest on 
top of the drive gear. Can the solar panel power the car 
on the ground?  
If the automobile will travel, record how long it takes for 
the car to travel 2.0 m.  
Calculate the automobile’s speed in m/s. 

  
8. Set your multimeter to measure load voltage. Connect 

multimeter test leads to the solar panel terminals. 
Record the load voltage value (drive gear should be 
engaged). 
 

 

9. Set your multimeter to measure load current. Connect 
multimeter test leads to the solar panel terminals. 
Record the load current value (drive gear should be 
engaged). 
 

NL L
i

L

V -V
r =

I  

i

NL

L

L

r = Internal resistance of the source

V =Voltage No Load

V =Voltage Full Load

I =Load Current

 
10. Calculate the internal resistance of the solar panel and 

motor circuit. 



11. Charge the fuel cell by using one of the power sources 
according to the directions in the Fuel Cell User Guide 
under the section Powering the Fuel Cell (Electrolysis) 

 
12. After the fuel cell is fully charged, set the multimeter to 

read voltage. Connect the multimeter test leads to the 
fully charged fuel cell terminals. Record the voltage 
value. 
 

 
 

13.  Set the multimeter to measure current. Attach a 5-10 
Ohm resistor to the positive terminal of the fuel cell. 
Connect the multimeter test leads to the fully charged 
fuel cell negative terminal and chosen resistor. Record 
the current value. 
 

 
 

14. Calculate the wattage produced by the fuel cell . 
 

 

15. Attach the fuel cell to the solar hydrogen automobile. 
Position the automobile drive motor so that its gear is 
not in contact with the red drive gear. Connect the 
automobile motor leads to the fuel cell. Is there enough 
power to turn the motor? 
 

16. Engage the drive gear by letting the motor gear rest on 
top of the drive gear. Can the solar panel power the car 
on the ground?  
If the automobile will travel, record how long it takes for 
the car to travel 2.0 m.  
 
Calculate the automobile’s speed in m/s. 
 

 



17. Set your multimeter to measure load voltage. Connect 
multimeter test leads to the fuel cell terminals. Record 
the load voltage value (drive gear should be engaged). 
 

18. Set your multimeter to measure load current. Connect 
multimeter test leads to the solar panel terminals. 
Record the load current value. 
 

19. Calculate the internal resistance of the fuel cell and 
motor circuit. 
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i
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r =
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r = Internal resistance of the source

V =Voltage No Load

V =Voltage Full Load

I =Load Current

 

 
 
 
 
 

20. Which system had a higher wattage value? 
 

21. Compare and relate the fuel cell and solar cell wattage 
values to travel speed.  

 
 

 
 

 
 



Conclusion 
1. Based on your observations, what are the advantages and disadvantages of a car utilizing solar 

power? 
2. Based on your observations, what are the advantages and disadvantages of a car utilizing 

hydrogen fuel cell power? 
3. Describe and defend a system that you believe would best utilize a solar hydrogen system to meet 

the needs for an average driver. 
4. How does a photovoltaic cell work?  
5. Detail how electrolysis separates hydrogen and oxygen. How is electricity produced by the 

bonding of hydrogen and oxygen?  



Name: ______________________________________________ 
 

Thermodynamics Activity 2: Thermo Practice Problems  
 

1. List three examples of a thermodynamic system. 
2. Define absolute zero.  
3. List two ways thermal energy can be increased in a system. 
4. List two examples of convection. 
5. List two examples of conduction. 
6. A 1.00kg piece of aluminum metal at 90.0°C is placed in 4.00 liters (=4.00 kg) of water at 25.0°C.  

Determine the final temperature (Tf). 
7. A 3/16 in. thick acrylic testing box with dimensions of 10.0 in. x 10.0 in. is covered with an unknown 

0.50 in. insulation material. Determine the thermal conductivity for the insulating material if a 25.0W 
bulb is used to heat the box. The bulb maintains the inside temperature at 10.0ºC higher than the 
outside temperature. 

 
8. Use the provided R-value chart and the illustration below to calculate the R-value of the wall cavity 

and the R-value at the stud location. 

 
9. List two examples of radiation. 
10. A student travels on a school bus in the middle of winter from home to school. The school bus 

temperature is 58.0° F. The student’s skin temperature is 91.4° F. Determine the net energy transfer 
from the student’s body during the 20.00 min ride to school due to electromagnetic radiation. Note: 
Skin emissivity is 0.90, and the surface area of the student is 1.50m2. 

11. A 2kg piece of aluminum metal at 90°C is placed in 8 liters (8 kg) of water at 25°C.  The                            
Cp-Al = 900.  J/kg°C and the  Cp-water = 4184 J/kg°C.  The final temperature is 28.3°C.  Calculate the Q 
lost by Al and calculate the Q gained by water.  

12. A 5kg piece of aluminum metal at 40°C is placed in 16 liters (16 kg) of water at 25°C.  The                            
Cp-Al = 900.  J/kg°C and the  Cp-water = 4184 J/kg°C.  What is the final temperature? 



13. A 37kg piece of Kryptonite at 2°C is placed in 8 liters (8 kg) of water at 25°C. The  Cp-water = 4184 
J/kg°C.  The final temperature is 8°C. What is the specific heat capacity of kryptonite? 

14. A 10kg piece of aluminum metal at 100°C is placed in 32 liters (32 kg) of water at 60°C.  The                            
Cp-Al = 900.  J/kg°C and the  Cp-water = 4184 J/kg°C.  What is the final temperature? 

15. A 20kg piece of Krameronium at 80°C is placed in 8 liters (8 kg) of water at 25°C. The  Cp-water = 
4184 J/kg°C.  The final temperature is 60°C.  What is the specific heat capacity of Krameronium? 

16.  A student travels on a school bus in the middle of winter from home to school. The school bus 
temperature is 287.59 Kelvin. The student’s skin temperature is 306.15 Kelvin.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
R-Value Chart 

Construction Material R-Value 
½ in. Drywall 0.45 
5/8 in. Drywall 0.56 
Particle Board – ½ in. 0.63 
Particle Board – ¾ in.  0.94 
Fiberboard ½ in.  1.32 
Extruded Polystyrene 1 in. 4.00 
Extruded Polystyrene 1 ½ in. 6.00 
Foil-faced Polyisocyanurate 1 in. 7.20 
2 x 4 4.38 
2 x 6 6.88 
Hardwood 0.90 

Masonry Systems R-Value 
Brick 4 in. common 0.80 
Brick 4 in. face 0.44 
Concrete Block – Normal wt. 12 in. empty core 1.23 
Concrete Block – Light wt. 12 in. empty core 2.60 - 2.30 
Cement Mortar 0.20 
Sand and Gravel 0.60 
Stucco 0.20 

Roofing R-Value 
Asphalt Roll  0.15 
Asphalt Shingle 0.44 
Slate  0.05 
Wood 0.94 

Siding R-Value 
Wood Shingles  0.87 
Wood Drop  0.79 
Wood Bevel Lapped 0.80 
Aluminum/Steel – Hollow 0.61 
Aluminum/Steel – with 3/8 in. Backer 1.82 

Insulation R-Value per in. 
Fiberglass Batt 3.142  
Blankets – Rock Wool 3.0 - 3.8 
Loose Fill – Cellulose 2.8 - 3.7 
Loose Fill – Fiberglass 0.7 lb/cu.ft 2.2 - 4.0 
Loose Fill – Rock Wool 3.1 
Loose Fill – Vermiculite 2.2 
Extruded Polystyrene 4.00 
 



Name: ____________________________________ 

Thermodynamics Exam 

 

Hydrogen Fuel Cell & Thermodynamics 

 

1. What is an R value? 

a. Resistance to heat flow 

b. Thermal transmittance through a 

material 

c. Transfer of heat through contact 

d. Process of moving heat from hot to cold. 

2. What is a U value? 

a. Resistance to heat flow 

b. Thermal transmittance through a 

material 

c. Transfer of heat through contact 

d. Process of moving heat from hot to cold 

3. The diagram below shows a moveable piston 

inside of a cylinder. As the base heats up the 

heat moves the piston up and turns the gear. 

This movement of heat through the system is an 

example of which? 

a. 1
st
 Law of Thermodynamics 

b. 2
nd

 Law of Thermodynamics 

c. Zeroth Law of Thermodynamics 

 

 
 

 

 

 

 

 

 

 

 

 

 

4. The diagram below shows a man absorbing 5 

units of energy through a process such as 

radiation. The man stores 1 unit of energy and 

outputs 4 units of energy through work. Which 

law of thermodynamics does this represent? 

a. 1
st
 Law of Thermodynamics 

b. 2
nd

 Law of Thermodynamics 

c. Zeroth Law of Thermodynamics 

 
5. The diagram below shows object 2 is the same 

temperature as object 1. Object 3 is the same 

temperature as object 2. This must mean that the 

Object 3 has a temperature that is 

_________________ object 1. 

a. Greater than 

b. Less than 

c. Equal to 

 

 

 

 

 

 

 

 

 

 

 

 

6. The example in #5 is an example of which law? 

a. 1
st
 Law of Thermodynamics 

b. 2
nd

 Law of Thermodynamics 

c. Zeroth Law of Thermodynamics 

7. Which is an example of conduction: 

a. Warming your hands by a fire. 

b. Baseboard heating in a home allows the 

heat to rise and when it cools it returns 

back down to the floor. 

c. Your spoon heats up when mixing soup 

in a pot on a stove. 

d. Jogging releases energy through work. 

 

 



8. Provide an example of convection: 

a. Warming your hands by a fire. 

b. Baseboard heating in a home allows the 

heat to rise and when it cools it returns 

back down to the floor. 

c. Your spoon heats up when mixing soup 

in a pot on a stove. 

d. Jogging releases energy through work. 

9. Provide an example of radiation: 

a. Warming your hands by a fire. 

b. Baseboard heating in a home allows the 

heat to rise and when it cools it returns 

back down to the floor. 

c. Your spoon heats up when mixing soup 

in a pot on a stove. 

d. Jogging releases energy through work. 

10. A 7m x 7m wall has an R value of 7.5, what is 

its U value? 

a. 7.5 

b. .133 

c. 367.5 

d. 6.517 

11. A wall has a combined U value of 32.3, what is 

its R value if it is 10°C outside? 

a. 323 

b. .31 

c. 32.3 

d. .031 

12. Calculate the rate of heat transfer through a 5m 

x 7m wall if the temperature on one side is 85 

°C, the temperature on the other side is 60 °C, 

and the U value is 0.13. 

a. 113.75 J 

b. 273 J 

c. 113.75 W 

d. 273 W 

13. Calculate the change in thermal energy when a 

block of aluminum at 50 °C is placed in a 10 kg 

vat of water at 42 °C.  The final temperature of 

the system is 47 °C, the specific heat capacity of 

water is 4184 J/(kg °C), and the specific heat 

capacity of Aluminum is 900 J/(kg °C). 

a. 209,200 J 

b. 45,000 J 

c. 334,720 J 

d. 72,000 J 

 

 

 

 

 

 

 

 

14. A wall section is 6m high and 12m long.  It is 

0.08 meters thick.  Opposing sides of the wall 

have temperatures of 15 °C and 45 °C.  The 

thermal conductivity of the wall is 0.65 J/(s m 

°C).  Calculate the thermal energy transferred in 

45 minutes. 

a. 47,385,000 J 

b. 17,550 J 

c. 47,385,000 W 

d. 17,550 W 

15. A person is in their room in the middle of winter 

and the heat is off.  The room temperature is 

287.6 K.  The person has a skin temperature of 

306.15 K.  If the skin emissivity of the person is 

0.9 determine the net energy transfer for a 

person that has a surface area of 1.5 m
2
. 

a. 2,623,507,133 W 

b. .00000142 W 

c. 148.74 W 

d. 300 W 

16. A 1.00 kg piece of Aluminum at 90.0 °C is 

placed in 4.00 kg of water at 25.0 °C.  If cw = 

4184 J/(kg °C) and cAl = 900 J/(kg °C), what is 

the final temperature? 

a. 21.68 °C 

b. 86.68 °C 

c. 28.32 °C 

d. 93.32 °C 

 



 

Match the word to its correct definition. 

 

 

17) Conduction 

18) First Law of Thermodynamics 

19) Alternative Energy 

20) U-value 

21) Zeroth Law of Thermodynamics 

22) Radiation 

23) Convection 

24) R-value 

25) Thermal Equilibrium 

26) Heat 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. The transfer of heat within an object or between objects 

by molecular activity, without any net external motion. 

B. Process by which, in a fluid being heated, the warmer 

part of the mass will rise and the cooler portions will sink. 

C. Energy in transit due to a temperature difference 

between the source from which the energy is coming and a 

sink toward which the energy is going. 

D. A law that if two systems are separately found to be in 

thermal equilibrium with a third system, the first two 

systems are in thermal equilibrium with each other; that is, 

all three systems are at the same temperature. Also known 

as thermodynamic equilibrium. 

E. The measure of resistance to heat flow. 

F. The law that heat is a form of energy, and the total 

amount of energy of all kinds in an isolated system is 

constant; it is an application of the principle of 

conservation of energy. Also known as conservation of 

energy. 

G. Any source of energy other than fossil fuels that is used 

for constructive purposes. 

H. The process by which energy is transmitted through a 

medium, including empty space, as electromagnetic waves. 

This energy travels at the speed of light. This is also 

referred to as electromagnetic radiation. 

I. A measure of thermal transmittance through a material. 

J. Refers to the property of a thermodynamic system in 

which all parts of the system have attained a uniform 

temperature which is the same as that of the system’s 

surroundings. 
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Name: _______________________________________ 
 

Thermodynamics Project – Renewable Insulation 
 

Introduction 
In this project, your team will design a renewable composite insulation material.   

Equipment  
 Computer 
 Heat box apparatus  
 Temperature probes 
 Insulation materials 
 Tape 
 Standard and metric ruler 

Procedure 
Design Constraints: 

 Composite insulation material must produce minimum heat loss, representing good insulating 
value. 

 Composite insulation material must have overall uniform thickness less than or equal to one inch. 
 Composite insulation material must have consistent internal composition.  
 Individual insulation material(s) must be environmentally friendly, recyclable, and economical. 
 Composite insulation material dimensions must not exceed the overall dimensions of heat box 

apparatus top. 
 The change in temperature inside the box is directly related to the heat absorbed or released by 

the air in the box. 
Pretest Data:  

 Use a metric measurement device to calculate pretest data.   
 The volume of air being heated is obtained by measuring the inside dimensions of the box. 

 
1. Inner dimensions (m) 
 

l =  
w= 
h= 
 

2. Volume of air (m3) 
 

V = 

3. Description of insulation material 
 
 

 

Test Data: 
 Insert a temperature sensor with acquisition capabilities inside the acrylic top cover of the heat 

transfer apparatus.  
 Place or attach your fabricated composite insulation material to the outside top surface of the heat 

transfer apparatus cover.   
 Place a second temperature sensor with acquisition capabilities outside of the box to measure the 

ambient room temperature.    
 Activate heat source and leave on for 20 minutes or until the inside temperature remains 

relatively constant.  
 Turn the heat source off and collect temperature data for 20 minutes.  

 
 
 



4. Heat source light bulb wattage P =  
5. Initial internal temperature (°C) 
 

T Initial 1 = 

6. Maximum internal temperature (°C) T Max 1 = 
7. Final internal temperature (°C) 
 

T Final 1 = 

8. Initial room temperature (°C) 
 

T Initial 2 = 

9. Maximum room temperature (°C) T Max 2 = 
10. Final room temperature (°C) 
 

T Final 2 = 

11. Heating time(s) t1 = 
12. Cooling time(s) 
 

t2 = 

 
Design Evaluation Calculations:   
Constants:  
ρ:  1.20 kg/m3 (density of air, Greek letter rho) 
Cp:  1000. J/kg°C (specific heat capacity of air) 
 
All calculations are based on the combination of both your composite insulation material and the acrylic 
heat transfer apparatus material. 
1. Mass of air being heated 
2. Energy gained by the air in the box during heating – Q (heat) in J (joules). 
3. Energy lost by the air in the box during cooling – Q (cool) in J (joules) 
4. Net energy retained within the box – Q (net) in J (joules). 
5. A qualitative measure of your insulating ability is the difference between the maximum inside 

temperature and the maximum outside temperature (larger is better).   
 

Tin(max) =       
Tout(max) =       
ΔT(max) =       
 
6. Compare your results with those of some other teams.   

 
Q(net):        ΔT(max) =      (team 1) 
Q(net):        ΔT(max) =      (team 2) 
Q(net):        ΔT(max) =      (team 3) 
 
7. Extension: Use a thinner layer of insulation so that most of the heat of the box is escaping by 

conduction through the top.  Use a lower-power light bulb to reduce the fire hazard, and leave the 
light bulb on until the temperatures reach equilibrium.  At that time, the power exiting through the 
top area is equal to the power of the bulb.  Solve for R: 

 
 
 
 
 
 
 



Conclusion 
1. Explain how your house might lose energy through radiation, convection, and conduction. 
2. What modifications could be made to your team’s insulation design that allow for more energy 

efficiency? 
3. Which beverage would be more beneficial for cooling you on a hot summer day – a cup of ice cold 

water or a cup of hot cocoa? Justify your choice. 
4. How do birds insulate their bodies to prevent energy loss on the skin’s surface? 
5. Suppose that you are sitting close to a campfire. You decide to clean your glasses and notice that your 

eyes feel warmer without your glasses. Explain this phenomenon. 
6. We wear winter coats and cover with blankets to stay warm in the winter. If the coats and blankets 

are not a source of energy, how do we stay warm? 



Circuits 
 
Curricular Goals: 
The students will: 

 Calculate circuit resistance, current, and voltage using Ohm’s law. 
 Identify and explain the advantages and disadvantages of parallel and series circuit design in an 

application. 
 Use Ohm’s Law, Kirchhoff’s Voltage Law, and Kirchhoff’s Current Law to solve for simple series, 

parallel, & combinational circuits. 
 Use mesh analysis to analyze complex combinational circuits. 
 Be able to use a Circuit Design Software to analyze analog circuits.  
 Be able to use a breadboard and digital multimeter to analyze simple analog circuits. 

 
NYS Technology Education Standards: 

 Engineering Design 
 Tools, Resources and Technological Processes 
 Computer Technology 
 Technology Systems 
 Performance Indicators 

 
Misconceptions: 

 Series and Parallel Circuits are the only two types of circuits. 
 Combinational circuits can only be analyzed by progressive simplification. 
 Students believe if a machine can do the work they shouldn’t have to.  It is important to gain an 

understanding of a process and in order to do that one must do the work themselves. 
 
Daily Lesson Overviews: 
A full lesson plan is provided for Day 7-11 
 
Day 1-4: Circuit Theory 

 Aim: What is the relationship between voltage, current, and resistance in an electrical circuit? 
 Materials: Circuit Theory PowerPoint, Act 1 Calculations, Reference Tables, Calculators 
 Motivation: An understanding of basic electricity requires the understanding of what three 

fundamental concepts (Voltage, Current, Resistance). 
 Procedure:  

o Teacher will present Basic Electron Theory PowerPoint 
o Students will take notes on the basic make up and functioning of electrical flow 
o Teacher will present Circuit Theory PowerPoint 
o Students will take notes and perform example questions modeled by the teacher 
o Teacher will distribute Act 1 Calculations 
o In small groups, students will perform necessary calculations in Act 1 
o Teacher will go over answers with students and correct mistakes where applicable 

 Assessment: After completion and check of activity, students will hand in their work.  As answers 
have already been distributed, teacher will evaluate submissions based on neatness, organization, 
and adherence to proper procedure.  
 

Day 5-6: Multisim 
 Aim: What function does a Circuit Design Software serve when designing analog and digital 

circuit? 
 Materials: Act 2 Simulation, Multisim Software, Act 1 Calculations (Completed) 



 Motivation: Students will become familiar with Multisim, which they will use for the majority of 
their course work. 

 Procedure:  
o Teacher will instruct students on the proper use of multisim software 

 First by pointing out where certain functions may be found 
 Next by giving guided instruction on how to build the first few circuits in Act 2 
 Finally by moving throughout the room and observing students’ progress 

 Assessment: Simulated circuits match their hand calculated counterparts. 
 
Day 7-11: Breadboarding 

 Aim: What is a breadboard, and what is it used for? 
 Materials: Breadboarding PowerPoint, Breadboarding Project, DLB, Digital MultiMeters, 

Resistors, Jumper Wire, Wire Strippers, Act 1, Act 2 
 Motivation: Students will learn how to physically prototype their simulated circuits. 
 Procedure: 

o Teacher will break students up into groups of two and distribute one DLB between each 
group  

o Teacher will present Breadboarding PowerPoint 
o Students will take notes and refer to their breadboard when being described its form and 

function 
o Teacher will distribute Breadboarding Project 
o Students will work on Breadboarding Project, attain necessary materials from cabinet, and 

verify their measured values match with the previous two activities 
o Teacher will assist students as needed 

 Assessment: Submission of completed Breadboarding Project Write-Up, and Functioning Circtuits 
 
Day 12-14: Combinational Circuits 

 Aim: How does one analyze a combinational circuit? 
 Materials: Combinational Circuits PowerPoint, Act 3 Combinational Circuits, Reference Tables, 

Calculators 
 Motivation: An understanding of combinational circuits requires a basic understanding of simple 

series and parallel circuits. 
 Procedure:  

o Teacher will present Combinational Circuits PowerPoint 
o Students will take notes and perform example questions modeled by the teacher 
o Teacher will distribute Act 3 Combinational Circuits 
o In small groups, students will perform necessary calculations in Act 3 
o Teacher will go over answers with students and correct mistakes where applicable 

 Assessment: After completion and check of activity, students will hand in their work.  As answers 
have already been distributed, teacher will evaluate submissions based on neatness, organization, 
and adherence to proper procedure.  

 
Day 15-19: Mesh Analysis 

 Aim: How does one analyze circuits with multiple voltage or current sources? 
 Materials: Mesh Analysis PowerPoint, Act 4 Mesh Analysis, Reference Tables, Calculators 
 Motivation: More complex circuits require a separate but similar method of analysis than its 

more simplistic counterparts 
 Procedure:  

o Teacher will present Mesh Analysis PowerPoint 
o Students will take notes and perform example questions modeled by the teacher 



o Teacher will distribute Act 4 Mesh Analysis 
o In small groups, students will perform necessary calculations in Act 4 
o Teacher will go over answers with students and correct mistakes where applicable 

 Assessment: After completion and check of activity, students will hand in their work.  As answers 
have already been distributed, teacher will evaluate submissions based on neatness, organization, 
and adherence to proper procedure.  
 

Day 20: Test 
 Aim: To assess students retention and understanding of the unit’s topics 
 Materials: Circuts Exam, Pen or Pencil, Calculator, Reference Table 

 
  



Day 7-11 Lesson Plan 
 
Unit: Circuits 
Lesson: Breadboarding 
NYS Tech Ed Standards: 

 Engineering Design 
 Tools, Resources and Technological Processes 

 
Aim: What is a breadboard, and what is it used for? 
 
Materials:  

 Breadboarding PowerPoint 
 Breadboarding Project 
 Digital Logic Board (Breadboard) 
 Variable Voltage Source 
 Digital MultiMeters 
 Resistors 
 Jumper Wire 
 Wire Strippers 
 Act 1 - Calculations 
 Act 2 – Simulations 
 Safety Glasses 

 
Procedure: 

 Teacher will break students up into groups of two and distribute one DLB between each group  
 Teacher will present Breadboarding PowerPoint 

o Using slides from the PowerPoint as a reference, Teacher will diagram all of the hidden 
connections beneath the breadboard 

o Teacher will show the connections necessary for the ease of access to voltage and ground 
o Teacher will draw a simple series circuit and diagram how it would be connected on the 

breadboard 
o Teacher will draw a simple parallel circuit and diagram how it would be connected on the 

breadboard 
 Students will take notes and refer to their breadboard when being described its form and function 
 Teacher will distribute Breadboarding Project 
 Students will work on Breadboarding Project, attain necessary materials from cabinet, and verify 

their measured values match with the previous two activities 
o When taking measurements students will measure all of the voltages of the circuit first and 

measure all of the currents second 
o Students should utilize their simulations as a reference for their circuit building and 

analysis 
 Teacher will assist students as needed 

o Remind students of safety procedures  
 
Conclusion: Breadboarding is an essential part of the electrical design process.  It provides an 
opportunity to build a working prototype that is easily adjusted to better meet design specifications. 
 
Assessment: Submission of completed Breadboarding Project Write-Up, and Functioning Circtuits 



Basic Electron 
Theory 



Structure of an Atom 

2 

Nucleus 
•  6 Protons 

•  6 Neutrons 

Example – Carbon Atom 

+ + - - 

- 

- 

- 

- 

Electrons 

Orbits 

The distribution of electrons in the orbital rings around an 

atom’s nucleus determines the element’s electrical properties. 



Conductors 
• An element’s outer electron ring is not full, its electrons can 

move more freely from one atom to another atom.  

• Most metals have one or two electrons in their outer band. 

• Best conductors 

• Gold or Silver  

• Copper   

3 



Conductors: Example Ag & Cu 

4 

Number of  
Electrons in Orbit 

8 2 

Nucleus 

18 18 1 8 2 18 1 

Silver 
(Ag) 

Copper 
(Cu) 



Insulator 
• An element’s outer ring is full, its electrons can not easily 

move from one atom to another atom. 

• Most wiring uses plastic as an insulator. 

• Good insulators 

• Glass 

• Plastic 

• Rubber 

• Paper 

• Air 

• Neon and Argon are used in light bulbs.  

 

 

5 



Insulator: Example Ne & Ar 

6 

8 2 8 2  8 

Neon 
(Ne) 

Argon 
(Ar) 



Semiconductor 
• An element’s outer ring is neither complete nor 

incomplete. 

• Good semiconductors 

• Carbon (used to make resistors) 

• Silicon (used to make transistors) 

 

 

7 



Semiconductors: Example C & Si 

8 

4 2 8 2  4 

Carbon 
(C) 

Silicon 
(Si) 



Circuit Theory 



Electricity – The Basics 
•Voltage 

•Current 

•Resistance 

 

2 



Current 

3 

•The flow of electrical charge 

 

•Measured in AMPERES (AMPS)  
 



Current Flow 

• Conventional Current  

• Flow of positive charge 

• An illusion 

• Used in engineering 

 

• Electron Flow  

• Flow of negative charge 

• What really happens 

• Used in sciences 

4 

Electron 

Flow 

Conventional  

Current 



Voltage 

5 

•The electrical force that causes current to 

flow in a circuit 

 

•Measured in VOLTS 



Resistance 

6 

•The measure of opposition to current flow 

 

•Measured in Ohms.  
 



-          + 

Anatomy of a Flashlight 

7 

Switch Switch 

Light 

Bulb 
Light 

Bulb 

Battery 
Battery 

Block Diagram Schematic Diagram 



Flashlight Schematic 

• Closed circuit (switch closed) 

• Current flow 

• Lamp is on 

• Lamp is resistance, uses energy to 
produce light (and heat)  

• Open circuit (switch open) 

• No current flow 

• Lamp is off 

• Lamp is resistance, but is not 
using any energy  8 

-          + -          + 

Current 

Voltage 

Resistance 



Ohm’s Law 
• Stated mathematically: 

IRV 

V5 

I5 R5 

+        - 



Example: Ohm’s Law 

10 

Example: 

A flashlight uses a 6 volt battery and has a bulb with a 

resistance of 150 . When the flashlight is on, how much 

current will be drawn from the battery? 

Solution: 

 150I  6V  RI  V RRR

 mA 40or A  0.04  IR



Circuit Configuration 
Series Circuits 
• There is only a single path for 

current to flow. 

 

Parallel Circuits 
• There are multiple paths for current 

to flow. 

 

11 

Components  
(i.e., resistors, batteries, capacitors, etc.) 



Circuit Laws 

12 

Kirchhoff’s Voltage Law 
Kirchhoff’s Current Law 



Example: Series Circuit 

13 

Example: 

• The total resistance (RT) 

• The current flowing through each component (IT, IR1, IR2, and IR3) 

• The voltage across each component (VT, VR1, VR2, and VR3) 

• Use the results to verify Kirchhoff’s Voltage Law. 

VT 

+ 

- 

VR2 

+ 

- 

VR1 

+ - 

VR3 

+ 
- RT 

IT 

IR1 

IR3 

IR2 



Example: Parallel Circuit 

14 

Example: 

• The total resistance (RT) 

• The voltage across each component (VT, VR1, VR2, and VR3) 

• The current flowing through each component (IT, IR1, IR2, and IR3) 

• Use the results to verify Kirchhoff’s Current Law. 

14 

+ 

- 

+ 

- 

VR1 

+ 

- 

VR2 VR3 

RT 

VT 

IT 

+ 

- 

IR1 IR2 IR3 



Breadboarding  



What is a Breadboard? 
A reusable platform for temporarily built circuits. 

 

2 



Breadboard Connections 

3 



Why Breadboard? 
• Saves time and money. 

• As a complement to simulation, ability to see how, 
and if, the physical circuit functions. 

• Ability to quickly change components during 
development and testing. 

 

 

 

4 



Breadboard: Guidelines and Tips 
• Use as few jumper wires as possible.  

• Keep jumper wires as short as possible.  

• Breadboard a circuit so that it looks as close as 
possible to the layout of the schematic circuit.  

• Place IC chips in the middle of the breadboard. 

• Work from a schematic and check off the 
component and wires as they are implemented. 

• Have someone check your circuit for errors. 5 



Eco-Friendly Air Conditioner 
 Objective: To create your own eco-friendly Air Conditioner (EFAC) using Bernoulli’s Principle and test it’s 

effectiveness. 
 Constraints: 

o Your EFAC must not use any electronic components and must only work through the use of cooling 
air from Bernoulli’s Principle. 

o This must be made from recycled materials and found objects. 
o Your design must have 4 walls a floor and a roof. One wall or the roof must be removable to put the 

thermometer in. 
o The space inside must be large enough to fit a thermometer to take data. 
o Consider the materials you are using not to absorb radiation from the sun while obtaining data. 
o Only one wall will have the EFAC apparatus. We will place it in the direction of the wind. 
o This project will be drafted in class and approved by your teacher. The building of the project will 

be done at home. Appropriate time will be allotted to allow for the groups to meet up outside of 
school. 

o You will be given a private assessment to honestly critique your partners as well as yourself. 
 

 
 
Procedure: 
Before meeting with your group: 

 Complete step 1 in your engineers notebook. 
 Before being assigned a group you will research all you can about the project to gather ideas. In your 

notebook you will take a few notes on what you read and copy down the website that you obtained the 
notes from. (This is the first part of step 2) 

 You will then be tasked to make a sketch that meets all of the constraints. Label your sketch with materials 
that you might use for all of the parts of the project. (This is the second part of step 2) 

After meeting with your group: 
 You will then meet with your group and decide on one idea. Draw out the initial sketch. Be sure to include 

annotations and include the materials that will be used. (Step 3 below). 
 Then you will get the go ahead to begin to build. 
 Follow the design process steps below on what you should include in your notebooks. 

 
 
 
 
 
 
 

 



Make sure that all of your information goes into your engineer’s notebook following the design process outline. Be 
sure to title each section. 

6 Step Design Process: 
 Step 1: Define the Problem: Here you state the objective of your project and list out constraints. 

 Step 2: Generate Concepts: Here you describe your research ideas and sketch a possible project idea. 

 Step 3: Develop a Solution: Here you develop a design proposal and include annotated initial design 

drawing. Explain THOROUGHLY how your EFAC works as well as the types of materials you would like 

to use and why. 

 Step 4: Construct and Test a Prototype: Go ahead and build. From this step on you will be building the 

project at home. I will require photos of your progress every 2 weeks.  

 Step 5: Evaluate the Solution: If something is not working, fix it! Be sure to explain what you changed 

in your notebooks! 

 Step 6: Present the Solution:  Here you will create a final drawing of your project with annotations on 

how it works.  Also include a picture of your project. 

Keep in mind when getting data: 
 Be sure to take the initial temperature inside of your box before placing it outside in the sun. 
 We will go outside and place your box in the sun. Place a thermometer inside of your box and enclose it. 

Then place a second thermometer outside of the box. Be sure that your EFAC wall is facing into the 
wind. 

 Wait roughly 10 minutes. Begin with taking the outside temperature then open up your box and take 
the inside temperature. Take the difference between the outside and inside temperatures and label ΔT. 

 After your final sketch include the answers to the conclusion questions in complete sentences. and 
conclusion include the answers to the data analysis questions in complete sentences. 

Conclusion 
1. Explain, in detail, how your project obeys Bernoulli’s Principle. 
2. Measure the length and width of the wall of your project with the EFAC unit. 

 
a. Length: __________________ inches 

 
b. Width: ___________________ inches 

3. Measure the depth of the roof protruding back from your EFAC wall. 
 

a. Depth: __________________ inches 
 

4. Calculate the inside volume of your project using the dimensions from 2 and 3. 
 

Volume: ___________________ inches3 
 

5. Record your ΔT recorded from outside: ______________ oF 
 

6. Write a conclusion statement on what you have learned from this project.  
 

7. Write a conclusion statement on how this can be used in society, not just in third world countries, but 
where this might be used in the United States. 

 
 
 
 
 
 
 
 

Building 
Steps: 



Rubric: 
 2 4 6 
Step 1-2 in engineer’s 
notebook 

There is too much 
information missing from 

Step 1-2 

Step 1-2 is in the 
engineer’s notebook but it 

is unclear which step is 
which  

OR  
There is some information 

missing. 

Step 1-2 is clearly outlined 
in the engineer’s 

notebook. 

Step 3 Design Proposal Your sketch is unclear 
and/or annotations 

unclear and hard to follow. 

Your sketch is somewhat 
unclear and/or 

annotations unclear and 
hard to follow. 

Your sketch is clear to 
understand and is 

correctly annotated and 
explained. 

Step 4-5 Building Steps 
 
(ALL RUBRIC POINTS X2) 

Your design has many 
glitches and does not work 

properly or efficiently. 
 

4 POINTS 

You created a design with 
some glitches that were 

not addressed. 
 

8 POINTS 

You created a working 
design within the 

parameters given and your 
change in temperature 

showed effective cooling. 
 

12 POINTS 
Step 6: Communication Your final sketch and 

picture is lacking in 
annotations AND does not 

explain changes. 

Your final sketch and 
picture is not thorough 

and could have been 
explained better.  

 

Your final sketch and 
picture has thorough 

explanations. 

Conclusions Too much of your 
conclusion is incomplete. 

Conclusion is somewhat 
incomplete. 

Conclusion is complete 
and all questions are 

answered in complete 
sentences. 

Critique of you and your 
group. 

Your critique is generic 
and not detailed. 

Critique is mediocre and is 
thorough in some parts 
but still incomplete or 

some parts could be better 
explained. 

Critique is great. It is open 
and honest. You were 

thorough in explaining 
your role as well as your 

partners. 
Your role understood by 
the critique 

You did not have a specific 
role and did not work 
effectively with your 

group. 

You contributed with your 
group but it is clear that 

you could have done more. 

You had a clear role within 
your group. Your members 

are all in agreement that 
you were a great 

contribution. 
 
Critique: fill out IN YOUR OWN WORDS for EACH member of your group, including yourself. This may be hand 
written or typed but must include each of the following parts: 
 

 Name of group member 
 Specific tasks lead by this member 
 How would you rate this member? 

o 2- did not have an effective role in the group. Was not participating or willing to meet up with the 
group. Came but did not participate (did not get off the phone etc.) 

o 4 – contributed to the group but you wish they did more.  
o 6 – this member had a clear role within the group. You believe this person was a great contribution. 

 For whichever rating you choose above, you must provide a statement explaining why you feel this way. Be 
sure that it is thorough, the critique part of the rubric relies on this. 



Combinational 
Circuits 



More Complex Circuits 

• Combinations of resistors can often be 
reduced to a single equivalent resistance 
through a step-by-step application of the 
series and parallel rules. 

• Two special cases: 

• Two identical resistors in series: Req = 2R 

• Two identical resistors in parallel: Req = R/2  
 



Example 1 

Initially the switch in the figure is open. Bulbs A and B are equally 
bright, and bulb C is not glowing. What happens to the brightness 
of A and B when the switch is closed? And how does the 
brightness of C then compare to that of A and B? Assume that all 
bulbs are identical. 



Analyzing Complex Circuits 

• Sequentially reduce series and parallel circuit 
combinations into ONE equivalent resistor 

• Determine the current and potential 
difference across the ONE equivalent resistor 

• Rebuild circuit knowing 

• Current is the same through all series resistors 

• Potential difference is the same across all 
parallel resistors 

 



Example Problem 1 

What is the current supplied by the battery in the following 
circuit? What is the current through each resistor in the circuit? 
What is the potential difference across each resistor? 



Example Problem 2 

What is the equivalent resistance of the following circuit? 

 

 



Mesh Analysis 



Mesh Analysis 

• Using “Loops”, Kirchoff’s Voltage Law, and 
Ohm’s Law to find voltage drops  

• First calculate mesh currents 
• Will be used to calculate the current flowing 

through each component 

• Second calculate voltages across the 
components 
• Will be used to calculate the voltage at the 

nodes 
 



Definition of a Mesh 

• Mesh – the smallest loop around a subset 
of components in a circuit 

• Multiple meshes are defined so that every 
component in the circuit belongs to one or 
more meshes 



Steps in Mesh Analysis 

Vin 



Step 1 

• Identify all of the meshes in the circuit 

Vin 



Step 2 

• Label the currents flowing in each mesh 

i1 

i2 

 

Vin 



Step 3 

• Label the voltage across each component in the circuit 

 

i1 

i2 

 

+  
V1 

_ 

Vin 

+  
V3 

_ 

+  
V5 

_ 

+  
V6 

_ 

+  V2 - +  V4 - 



Step 4 

• Use Kirchoff’s Voltage Law 

 

i1 

i2 

 

+  
V1 

_ 

Vin 

+  
V3 

_ 

+  
V5 

_ 

+  
V6 

_ 

+  V2 - +  V4 - 

0

0

543

6321
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Step 5 

• Use Ohm’s Law to relate the voltage drops across each 
component to the sum of the currents flowing through them. 

• Follow the sign convention on the resistor’s 
voltage. 

 

 

 RIIV baR 



Step 5 

i1 

i2 

 

+  
V1 

_ 

Vin 

+  
V3 

_ 

+  
V5 

_ 

+  
V6 

_ 

+  V2 - +  V4 -  

616

525

424

3213

212

111

RiV

RiV

RiV

RiiV

RiV

RiV















Step 6 

• Solve for the mesh currents, i1 and i2 

• These currents are related to the currents found during the nodal 
analysis. 

 

213

542

62171

iiI

IIi

IIIIi









Step 7 

• Once the mesh currents are known, calculate the voltage 
across all of the components. 



12V 



From Previous Slides 

 

616

525

424

3213

212

111

RiV
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Substituting in Numbers 

 

 

  

 

 

 











kiV

kiV

kiV

kiiV

kiV

kiV

1

3

6

5

8

4

16

25

24

213

12

11

0

012

543

6321
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Substituting the results from Ohm’s 
Law into the KVL equations 

        

       0365

0158412

2221

12111
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Chugging through the Math 

• One or more of the mesh currents may have a 
negative sign. 

Mesh Currents (mA) 

i1 740 

i2 264 



Chugging through the Math 

Voltage across 
resistors 

(V) 

VR1 = -i1R2 -2.96 

VR2 = i2 R2 5.92 

VR3 =(i1 – i2) R3 2.39 

VR4 = i2 R4 1.59 

VR5 = (V4 – V5) 0.804 

VR6 = (V5 – 0V) 0.740 

• The magnitude of 
any voltage across a 
resistor must be less 
than the sum of all of 
the voltage sources 
in the circuit 

• In this case, no voltage 
across a resistor can 
be greater than 12V. 



Chugging through More Math 

Currents (mA) 

IR1 = i1 740 

IR2 = i1 740 

IR3 = i1- i2 476 

IR4 = i2 264 

IR5 = i2 264 

IR6 = i1 740 

I Vin = i1 740 

The currents through each component in the 
circuit. 



Check 

• None of the mesh currents should be larger than the current 
that flows through the equivalent resistor in series with the 
12V supply. 

  

ARVI

kR

kkkkkkR

eqeq

eq

eq

m74012

2.16

136584









Summary 

Steps in Mesh Analysis 
1. Identify all of the meshes in the circuit 
2. Label the currents flowing in each mesh 
3. Label the voltage across each component in the circuit 
4. Write the voltage loop equations using Kirchoff’s 

Voltage Law. 
5. Use Ohm’s Law to relate the voltage drops across each 

component to the sum of the currents flowing through 
them. 

6. Solve for the mesh currents 
7. Once the mesh currents are known, calculate the 

voltage across all of the components. 
 



Name: _______________________________ 
 

Circuits Activity 1: Calculations 
 

Introduction 
In this activity, you will use circuit theory laws to make calculations.  

 
Equipment  

 Paper & pencil 
 Reference Tables 
 Calculator 

 
Procedure 

For each resistor shown use the proper rules to calculate the missing value(s) (voltage, resistance, 
and/or current). 

 
 

 

 
 

 

 

 



 
 

 

 

 
 

 

 

 

 

 

 

 



 
 

 
 

 

 

 

 

 



 
 

 

 

 

 

 
 

 

 

  



 
 

  

 

 

 



Name: ________________________________ 
 

Circuits Activity 2: Simulation 
 
Introduction 

In this activity you will gain experience using the Circuit Design Software to analyze simple analog 
circuits. In future activities we will use the CDS to analyze digital circuits as well. The circuits analyzed 
are some of the same circuits that were analyzed by hand in Activity 2. Thus, the theoretical and 
simulation results can be compared. 
 

Procedure 
1. Shown below is the schematic for a simple series circuit. Analyze this circuit to determine its total 

current and the voltage across each of the two resistors. To make these measurements, add an 
ammeter and two voltmeters. The second schematic shown is the original circuit with the added 
meters.   

 

 
 
Using the CDS, enter and simulate this circuit. Measure and record the circuit’s total current and 
the voltage across each of the resistors.   
 
 



2. Using the CDS, analyze the circuit shown below to determine IT, VR1, VR2, & VR3. Add the 
appropriate ammeters and voltmeters. Be sure to put your answer in proper engineering notation 
and use the correct units. 

 
This circuit was analyzed by hand in Activity 2. How do these measured values compare to the 
previously calculated values? If they do not match, review your circuit, your calculations, and 
make any necessary corrections. 
 
 
 

3. Repeat step (2) for the circuit shown below. In this circuit measure IT, VR1, VR2, VR3, & VR4.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



4. Repeat step (2) for the circuit shown below. In this circuit measure IT, IR1, IR2, & IR3.  

 
 

5. Repeat step (2) for the circuit shown below. In this circuit measure  IT, IR1, IR2, IR3, & IR4.  

 
 

 
 
 



Name: _____________________________ 
 

Circuits Activity 3: Combinational Circuits 
 

Introduction 
 In this activity, students will analyze, simulate, build, and verify aspects of combinational circuits. 
 
Equipment 

 Paper and pencil 
 Multisim 
 Digital Logic Board 
 Digital Multimeter 
 Jumper Wire 
 Resistors 
 Variable Power Supply 

 
Procedure 
1) Draw a circuit with a battery connected to four resistors, R1, R2, R3, and R4, as follows. Resistors R1 
and R2 are connected in parallel with each other, resistors R3 and R4 are connected in parallel with each 

other, and both parallel sets of resistors are connected in series with each other across the battery. 
 
2) Two 4.0-Ω resistors are connected in parallel, and this combination is connected in series with 3.0 Ω.  
What is the equivalent resistance of this system? 
 
3) A 2.0-Ω resistor is in series with a parallel combination of 4.0-Ω, 6.0-Ω, and 12-Ω resistors.  What is the 
equivalent resistance of this system? 
 
4) What is the equivalent resistance in the circuit shown in the figure?  If 5V are placed at the voltage 
source what is the IT, VT, and the current and voltage through each resistor. 

 
 
5) A number of resistors are connected across points A and B as shown in the figure. What is the 
equivalent resistance between points A and B?  If 5V are placed between A and B what is the IT, VT, and 
the current and voltage through each resistor. 

 
 
6) A 3.0-Ω resistor is connected in parallel with a 6.0-Ω resistor.  This combination is then connected in 
series with a 4.0-Ω resistor.  The resistors are connected across an ideal 12-volt battery.  How much 
power is dissipated in the 3.0-Ω resistor? 



 
Conclusion 

1) Simulate and build the circuits in questions 4 and 5 and verify your answers. 
 

 
 
 
 
 
 



Name: _____________________________ 
 

Circuits Activity 4: Mesh Analysis 
 

Introduction 
 In this activity, students will analyze combinational circuits using mesh analysis. 
 
Equipment 

 Paper and pencil 
 Multisim 

 
Procedure 
Using mesh analysis solve for VT, IT, RT and the voltage across and current through each resistor. 
 
Circuit 1: 

 
Circuit 2: 

 
Circuit 3: 

 
Conclusion 
Use multisim to simulate and verify your answers. 



Name: _____________________________ 
Circuits Exam 
 

Series, Parallel, and Combinational Circuits 
 
1) When a current flows through a metal wire, 
the moving charges are 
A) only protons. 
B) only electrons. 
C) both protons and electrons. 
D) positive metal ions. 
E) negative metal ions. 
 
2) For the graph shown in the figure, what 
physical quantity does the slope of the graph 
represent for ohmic material? 

 
A) power 
B) resistivity 
C) 1/(resistivity) 
D) resistance 
E) 1/(resistance) 
 
3) For the graph shown in the figure, what 
physical quantity does the slope of the graph 
represent for ohmic material? 

 
A) current 
B) resistivity 
C) 1/(current) 
D) power 
E) 1/(resistivity) 
 
 
 
 
 
 
 
 
 

4) A 9-V battery is hooked up to two resistors in 
series. One has a resistance of 5 Ω, and the other 
has a resistance of 10 Ω. Several locations along 
the circuit are marked with letters, as shown in 
the figure. Through which resistor is energy 
being dissipated at the higher rate? 

 
A) the 10-Ω resistor 
B) the 5-Ω resistor 
C) Energy is being dissipated by both resistors at 
the same rate. 
 
5) Identical light bulbs can be attached to 
identical ideal batteries in three different ways 
(A, B, or C), as shown in the figure.  The ranking 
(from lowest to highest) of the total power 
produced by the battery is 

 
A) B, A, C 
B) A, B, C 
C) C, B, A 
D) A, C, B 
E) C, A, B 
 
6) A light bulb operating at 110 V draws 1.40 A 
of current.  What is its resistance? 
A) 12.7 Ω 
B) 78.6 Ω 
C) 109 Ω 
D) 154 Ω 
 
 
 
 
 
 



7) A 4000-Ω resistor is connected across a 220-V 
power source.  What current will flow through 
the resistor? 
A) 0.055 A 
B) 1.8 A 
C) 5.5 A 
D) 18 A 
 
8) A 100-W resistance heater is connected to a 
110-V dc source. What current flows through the 
heater? 
A) 1.1 A 
B) 2.2 A 
C) 3.3 A 
D) 4.4 A 
E) 0.91 A 
 
9) If the power rating of a 400-Ω resistor is 0.800 
W, what is the maximum voltage that can safely 
be connected across the resistor? 
A) 110 V 
B) 17.9 V 
C) 170 V 
D) 1.80 V 
 
10) A light bulb operating at a dc voltage of 120 
V has a resistance of 200 Ω. How much power is 
dissipated in this bulb? 
A) 100 W 
B) 60 W 
C) 72 W 
D) 14 mW 
E) 7.2 W 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11) Draw a circuit with a battery connected to 
four resistors, R1, R2, R3, and R4, as follows. 

Resistors R1 and R2 are connected in parallel 

with each other, resistors R3 and R4 are 

connected in parallel with each other, and both 
parallel sets of resistors are connected in series 
with each other across the battery. 

 
 
12) A 2.0-Ω resistor is in series with a parallel 
combination of 4.0-Ω, 6.0-Ω, and 12-Ω resistors.  
What is the equivalent resistance of this system? 
A) 24 Ω 
B) 4.0 Ω 
C) 1.8 Ω 
D) 2.7 Ω 
 
 
 
 
 
 
 
 
 
 



13) A number of resistors are connected across 
points A and B as shown in the figure. What is 
the equivalent resistance between points A and 
B? 

 
A) 4 Ω 
B) 6 Ω 
C) 8 Ω 
D) 10 Ω 
E) 12 Ω 
 
14) Four resistors having resistances of 20 Ω, 40 
Ω, 60 Ω, and 80 Ω are connected in series across 
an ideal dc voltage source. If the current through 
this circuit is 0.50 A, what is the voltage of the 
voltage source? 
A) 20 V 
B) 40 V 
C) 60 V 
D) 80 V 
E) 100 V 
 
15) Four resistors having resistances of 20 Ω, 40 
Ω, 60 Ω, and 80 Ω are connected in series across 
an ideal 50-V dc source. What is the current 
through each resistor? 
A) 0.25 A 
B) 0.50 A 
C) 0.75 A 
D) 2.0 A 
E) 4.0 A 
 
16-23) Calculate the voltage across and current 
through each resistor. (Show all work) 

 

 
 
 



Name: ________________________________ 
 

Circuits Project: Breadboarding 
 

Introduction 
The circuits analyzed in this activity are some of the same circuits that were analyzed by hand in Activity 2 
and simulated in Activity 3. This will allow you to compare the theoretical, simulated, and measured 
values. 

 
Equipment  

 Paper and pencil 
 Digital Logic Board (DLB) 
 Digital Multimeter (DMM) 
 Jumper wire 
 Discrete components (resistors) 
 Variable power supply 

 
Procedure 

1. Using a Digital Logic Board (DLB) and variable power supply, construct the circuit shown below. Use a 
digital multimeter to measure IT, VR1, VR2, & VR3.  

 
Remember, unlike measuring voltage, the current measurement is an intrusive measurement. This 
means that you must temporarily modify the circuit. Redirect the current through the DMM and then 
direct it back to the circuit. 
 
In this activity you will alternately measure voltage and current with the same DMM. Be sure that the 
meter is in the proper mode for what is being measured before the power is applied. 
 
This circuit was analyzed by hand in Activity 2 and simulated in Activity 3. How do these measured 
values compare to the previously calculated and simulated values? If they do not match, review your 
circuit, your calculations, and make any necessary corrections. 
 
 
 
 
 
 
 
 



2. Repeat step (1) for the circuit shown below. In this circuit you will measure IT, VR1, VR2, VR3, & VR4.  

 
3. Repeat step (1) for the circuit shown below. In this circuit you will measure IT, IR1, IR2, & IR3.  

 
4. Repeat step (1) for the circuit shown below. In this circuit you will measure IT, IR1, IR2, IR3, & IR4.  

 
Conclusion 

1. You have now analyzed the same circuits three times –  by hand in Activity 1, via simulation in Activity 
2, and via breadboarding in this project. How did these values compare and what might account for any 
differences? 

2. How does the technique for measuring current with a DMM differ from measuring voltage? 
3. What is the origin of the name “breadboard”?   
 

 



RC Circuits & AC Electricity 
 
Curricular Goals: 
The students will: 

 Calculate equivalent capacitance in series circuits and parallel circuits. 
 Use circuit theory to analyze RC Circuits. 
 Understand how time plays a role in the function of a capacitor. 
 Understand what Alternating Current is. 
 Be able to relate and convert AC and DC currents through the use of transformers. 
 Gain a greater understanding of how household electricity is transmitted, converted, and utilized. 

 
NYS Technology Education Standards: 

 Engineering Design 
 Tools, Resources and Technological Processes 
 Computer Technology 
 Technology Systems 
 Performance Indicators 

 
Misconceptions: 

 Capacitors are instantaneously charged. 
 Alternating Current and Direct Current are easily interchangeable. 
 Use of household appliances is as easy as plugging into the wall. 

 
Daily Lesson Overviews: 
A full lesson plan is provided for Day 12-19 
 
Day 1: Capacitors 

 Aim: What is the relationship between capacitors arranged in series vs. capacitors arranged in 
parallel? 

 Materials: Capacitors PowerPoint, Reference Tables, Calculator 
 Motivation: An understanding of basic capacitors requires the understanding of how to simplify 

capacitor containing circuits. 
 Procedure:  

o Teacher will present Capacitor PowerPoint 
o Students will take notes on the basic functioning of capacitors 
o Teacher will model Example Problems #1 & #2 
o Students will then be instructed to complete Example Problem #3 
o Teacher will answer questions regarding Example Problem #3 

 Assessment: Successful completion of Example Problem #3 
 
Day 2: Capacitor Practice 

 Aim: Students will practice circuit simplification of capacitor circuits 
 Materials: Calculations Activity, Reference Tables, Calculator 
 Motivation: Practice at this task will prepare students for more complex problems later 
 Procedure:  

o Teacher will distribute Calculations Activity Worksheet 
o Students will be broken up into heterogeneous groups of 3 
o In their groups, students will perform the calculations for questions 1-6 
o Teacher will go over answers with students and correct mistakes where applicable 



 Assessment: After completion and check of activity, students will hand in their work.  As answers 
have already been distributed, teacher will evaluate submissions based on neatness, organization, 
and adherence to proper procedure. 

 
Day 3: RC Circuits 

 Aim: Analysis of more complex circuits containing resistors and capacitors 
 Materials: RC Circuits PowerPoint, Reference Table, Calculator 
 Motivation: Understanding more complex circuits adds more tools for future problem solving 
 Procedure:  

o Teacher will present RC Circuits PowerPoint 
o Students will take notes on the effect of time on capacitor containing circuits and the 

importance of resistors in such circuits 
o Teacher will model Example Problems #1 & #2 
o Students will then be instructed to complete Example Problem #3 
o Teacher will answer questions regarding Example Problem #3 
o Teacher will model Example Problems #4 & #5 
o Students will then be instructed to complete Example Problem #6 
o Teacher will answer questions regarding Example Problem #6 

 Assessment: Successful completion of Example Problem #3 & #6 
 
Day 4: RC Circuits Practice 

 Aim: Students will practice circuit analysis of RC Circuits 
 Materials: Calculations Activity, Reference Tables, Calculator 
 Motivation: Practice will give students a better understanding of the functionality of RC Circuits 
 Procedure:  

o Students will take out Calculations Activity Worksheet 
o Students will be broken up into heterogeneous groups of 3 
o In their groups, students will perform the calculations for questions 7-15 
o Teacher will go over answers with students and correct mistakes where applicable 

 Assessment: After completion and check of activity, students will hand in their work.  As answers 
have already been distributed, teacher will evaluate submissions based on neatness, organization, 
and adherence to proper procedure. 

 
Day 5-6: AC Electricity 

 Aim: Students will gain understanding of Alternating Current Electricity 
 Materials: AC Electricity PowerPoint, Reference Table, Calculator 
 Motivation: Students will gain an understanding of AC electricity, its benefits, its draw backs and 

its uses in everyday life. 
 Procedure:  

o Teacher will present AC Electricity PowerPoint 
o Students will take notes on AC electricity, the effect time has on it, and how it is used in 

calculations 
o Teacher will model Example Problem #1 
o Students will be instructed to complete Example Problem #2 
o Teacher will answer questions regarding Example Problem #2 

 Assessment: Successful completion of Example #2 
 
Day 7-8: Transformers 

 Aim: To understand how to convert from AC to DC current and DC to AC current 
 Materials: Transformers PowerPoint, Reference Tables, Calculator 



 Motivation: This topic will bridge the gap between the more basic in class circuits problems to 
more relatable real world electricity problems 

 Procedure:  
o Teacher will present Transformers PowerPoint 
o Students will take notes on Transformer Operations 
o Teacher will model Example Problem #1, #2, & #3 
o Students will be instructed to complete Example Problem #4 
o Teacher will answer questions regarding Example Problem #4 

 Assessment: Successful completion of Example #4 
 
Day 9-10: AC Electricity & Transformers Practice 

 Aim: Students will practice circuit analysis of AC Circuits and practice the use and implementation 
of Transformers 

 Materials: Calculations Activity, Reference Tables, Calculator 
 Motivation: Practice will give students a better understanding of larger scale electricity as it 

relates to simpler circuits 
 Procedure:  

o Students will take out Calculations Activity Worksheet 
o Students will be broken up into heterogeneous groups of 3 
o In their groups, students will perform the calculations for questions 16-31 
o Teacher will go over answers with students and correct mistakes where applicable 

 Assessment: After completion and check of activity, students will hand in their work.  As answers 
have already been distributed, teacher will evaluate submissions based on neatness, organization, 
and adherence to proper procedure. 

 
Day 11: Household Electricity 

 Aim: Students will understand how and why electricity is arranged in a particular way in their 
homes 

 Materials: Household Electricity PowerPoint, Reference Table, Calculator 
 Motivation: Gaining real world, applicable knowledge 
 Procedure:  

o Teacher will present Household Electricity PowerPoint 
o Students will take notes on practical applications of electricity in the home 
o Teacher will model Example Problem #1 & #2 
o Students will be instructed to complete Example Problem #3 
o Teacher will answer questions regarding Example Problem #3 

 Assessment: Successful completion of Example #3 
 
Day 12-19: Project – AC Generator 

 Aim: How can we create Alternating Current? 
 Materials: AC Generator Project, Rigid Foam, Metal Screws, Strong Magnets, Wire, Hot Glue, Hot 

Glue Guns, Wooden Dowel, Oscilloscope, Alligator Clip Wires 
 Motivation: Students will create a functioning Alternating Current Generator from scratch 
 Procedure:  

o Teacher will hand out AC Generator Project and walk students through the construction 
process 

 Recommending the election of a team leader 
 Giving students suggestions on how to break up work between team members 
 Giving students a time line on when to have what parts of the project completed 

o Students will be broken up into homogenous groups of 5 



o Students will follow the instructions in project and complete the assignment 
 Assessment: Submission of completed AC Generator Project Write-Up, and Functioning AC 

Generator 
 

Day 20: Test 
 Aim: To assess students retention and understanding of the unit’s topics 
 Materials: RC Circuits & AC Electricity Exam, Pen or Pencil, Calculator, Reference Table 

 
  



Day 12-19 Lesson Plan 
 
Unit: RC Circuits & AC Electricity 
Lesson: Project – AC Generator 
NYS Tech Ed Standards: 

 Engineering Design 
 Tools, Resources and Technological Processes 
 Technology Systems 
 Performance Indicators 

 
Aim: How can we create Alternating Current? 
 
Materials:  

 Rigid Foam 
 6 Metal Screws 
 6 STRONG Magnets 
 Wire 
 Hot Glue 
 Hot Glue Guns 
 Wooden Dowel 
 Oscilloscope 
 Alligator Clip Wires 

 
Procedure: 

 Teacher will hand out AC Generator Project  
 Teacher will read through the construction procedure with the class 
 Teacher will recommend group structure and delineation of responsibilities 

o Divide group into project teams or sections 
 Group Leader 
 Foam cutting 
 Electromagnet construction 
 Write-up and Documentation  

 Teacher will recommend a general timeline for completion of project 
o Day 1-2: Organization and Planning 
o Day 3-4: Prepping Build (Cutting/Testing Electromagnets) 
o Day 5-6: Assembly 
o Day 7-8: Testing and Write-Up Completion 

 Students will be broken up into homogenous groups of 5 
 Students will follow the instructions in project and complete the assignment 

 
Conclusion: Alternating current is a widely used type of electricity that is generally not discussed in a 
high school science class.  By building the AC generator students will gain a better understanding of what 
alternating current is, how it can be created, and the process to make it applicable to various devices. 
 
Assessment: Submission of completed AC Generator Project Write-Up, and Functioning AC Generator 
 



Capacitors 
Series & Parallel 



Capacitors 

• A capacitor is a circuit element  
made of two conductors  
separated by an insulating  
layer. 

• When the capacitor is connected to  
the battery, charge will flow to the capacitor, increasing its 
potential difference until  

ΔVC = ℇ 

• Once the capacitor is fully charged, there will be no further 
current. 

 



Capacitors: Parallel and Series 

• Parallel or series capacitors can be represented by a single 
equivalent capacitance.  

 

 



Capacitors: Parallel 

• The total charge Q on the two capacitors is 

 



Capacitors: Parallel 

• We can replace two capacitors in parallel by a single 
equivalent capacitance Ceq: 

 

 

 

• The equivalent capacitance has the same ΔVC but a greater 
charge.  



Capacitors: Parallel 

• If N capacitors are in parallel, their equivalent capacitance is 
the sum of the individual capacitances: 
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Capacitors: Series 



Capacitors: Series 

• The potential differences across two capacitors in series are  

ΔV1 = Q/C1 and ΔV2 = Q/C2 

• The total potential difference across both capacitors is 

ΔVC = ΔV1 + ΔV2  



Capacitors: Series 

• If we replace the two capacitors with a single capacitor having 
charge Q and potential difference ΔVC, then the inverse of the 
capacitance of this equivalent capacitor is 

 

 

 

• This analysis hinges on the fact that series capacitors each 
have the same charge Q. 



Capacitors: Series 

• If N capacitors are in series, their equivalent capacitance is the 
inverse of the sum of the inverses of the individual 
capacitances: 

 

 

 

 

• For series capacitors the equivalent capacitance is less than 
that of the individual capacitors. 

 



Example #1 

• Which of the following combinations of capacitors has the 
highest capacitance?  

 



Example #1 

• Which of the following combinations of capacitors has the 
highest capacitance?  

 

B 



Example #2 

• Which capacitor discharges more quickly after the switch is 
closed? 

•   

• Capacitor A 

• Capacitor B 

• They discharge at  
the same rate. 

• We can’t say without  
knowing the initial  
amount of charge. 



Example #2 

• Which capacitor discharges more quickly after the switch is 
closed? 

•   

• Capacitor A 

• Capacitor B 

• They discharge at  
the same rate. 

• We can’t say without  
knowing the initial  
amount of charge. 

Smaller time constant  = RC  



Example #3 

a. Find the equivalent capacitance of the combination of 
capacitors in the circuit of FIGURE 23.35. 

b. What charge flows through the battery as the capacitors are 
being charged? 



Example #3 

PREPARE We can use the relationships for parallel and series  
capacitors to reduce the capacitors to a single equivalent  
capacitance, much as we did for resistor circuits. We can then 
compute the charge through the battery using this value of 
capacitance. 
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Example #3 
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Example #3 



Example #3 

The battery sees a capacitance of 2.0 F. To establish a potential 
difference of 12 V, the charge that must flow is 

 Q = Ceq ∆VC = (2.0  10−6 F)(12 V) = 2.4  10−5 C 

ASSESS We solve capacitor circuit problems in a manner very 
similar to what we followed for resistor circuits. 



Name ________________________________         Date __________________ 
Practice 2 
Hydraulics 

You must show all work for credit and your final answer must be circled with the correct units!! 
1. How much pressure can be produced with a 3 in. diameter cylinder and 50 lb of force?  

 
 
 
 
 
 

2. Refer to the following diagram shown below. If F1 is 15 lbs of effort, supplied at piston A1 that has 
a diameter of 4 inches, determine the weight that can be lifted, F2, at piston A2 that has a diameter 
of 20 inches. 

 
 
 
 
 
 
 

3. Refer to the problem above. Determine the mechanical advantage of the system. 
 
 
 
 
 

4. Refer to problem #2. Now switch the effort and resistance locations. If 15 lbs of effort is now F2 
which is located at piston A2 that has a diameter of 20 inches. Determine how much weight can be 
lifted, F1, that has a diameter of 4 inches for piston A1. 

 
 
 
 
 
 
 
 
 

5. Refer to the previous problem. Determine the mechanical advantage of the system with the effort 
at F2. 

 
 
 
 

6. What must the diameter be of piston A1 in order to lift 5 lbs of resistance at A1 still with 15 lbs of 
effort at F2 (A2 is still 20 inches in diameter). 



RC Circuits 



RC Circuits 

• RC circuits are circuits containing resistors and capacitors. 

• In RC circuits, the current varies with time. 

• The values of the resistance and the capacitance in an RC 
circuit determine the time it takes the capacitor to charge or 
discharge.  

 



RC Circuits 

• The figure shows an RC circuit consisting of a charged 
capacitor, an open switch, and a resistor before the switch 
closes. The switch will close at t = 0. 
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RC Circuits 

• The initial potential difference is (ΔVC)0 = Q0/C. 

• The initial current—the initial rate at which the capacitor 
begins to discharge—is  
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RC Circuits  

 

 

 



RC Circuits 

• After some time, both the charge on the capacitor (and thus 
the potential difference) and the current in the circuit have 
decreased. 

• When the capacitor voltage has decreased to ΔVC, the current 
has decreased to  

 

  

• The current and the voltage decrease until the capacitor is 
fully discharged and the current is zero. 



RC Circuits 

• The current and the 
capacitor voltage 
decay to zero after 
the switch closes, 
but not linearly.  

 



RC Circuits 

• The decays of the voltage and the current are exponential 
decays: 

 



RC Circuits 

• The time constant  is a characteristic time for a circuit. A long 
time constant implies a slow decay; a short time constant, a 
rapid decay: 

  = RC 

• In terms of the time constant, the current and voltage 
equations are 



RC Circuits 

• The current and voltage in a circuit do not drop to zero after 
one time constant. Each increase in time by one time constant 
causes the voltage and current to decrease by a factor of e−1 = 
0.37.  
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RC Circuits 

• The time constant has the form  = RC.  

• A large resistance opposes the flow of charge, so increasing R 
increases the decay time. 

• A larger capacitance stores more charge, so increasing C also 
increases the decay time. 



Example #1 

• The following circuits contain capacitors that are charged to 
5.0 V. All of the switches are closed at the same time. After 1 
second has passed, which capacitor is charged to the highest 
voltage?  



Example #1 

• The following circuits contain capacitors that are charged to 
5.0 V. All of the switches are closed at the same time. After 1 
second has passed, which capacitor is charged to the highest 
voltage?  

C 



Example #2 
• In the following circuit, the switch is initially closed and the 

bulb glows brightly. When the switch is opened, what happens 
to the brightness of the bulb?  
 

 

1. The brightness of the bulb  
is not affected. 

2. The bulb starts at the same  
brightness and then gradually  
dims. 

3. The bulb starts and the same brightness and then gradually 
brightens. 

4. The bulb initially brightens, then gradually dims. 

5. The bulb initially dims, then gradually brightens. 



Example #2 
• In the following circuit, the switch is initially closed and the 

bulb glows brightly. When the switch is opened, what happens 
to the brightness of the bulb?  
 

 

1. The brightness of the bulb  
is not affected. 

2. The bulb starts at the same  
brightness and then gradually  
dims. 

3. The bulb starts and the same brightness and then gradually 
brightens. 

4. The bulb initially brightens, then gradually dims. 

5. The bulb initially dims, then gradually brightens. 



Example #3 

The switch in the circuit of FIGURE 23.40 has been in position a 
for a long time, so the capacitor is fully charged. The switch is 
changed to position b at t = 0. What is the current in the circuit 
immediately after the switch is closed? What is the current in the 
circuit 25 μs later? 



Example #3 

SOLVE The capacitor is connected across the battery terminals, so 
initially it is charged to (∆VC)0 = 9.0 V. When the switch is closed, 
the initial current is given by Equation 23.20: 



Example #3 

As charge flows, the capacitor discharges. The time constant for 
the decay is given by Equation 23.23: 



Example #3 

The current in the circuit as a function of time is given by  
Equation 23.22. 25 s after the switch is closed, the  
current is 



Example #3 

ASSESS This result makes sense. 25 s after the switch has closed 
is 2.5 time constants, so we expect the current to decrease to a 
small fraction of the initial current. Notice that we left times in 
units of s; this is one of the rare cases where we needn’t 
convert to SI units. Because the exponent is t/, which involves 
a ratio of two times, we need only be certain that both t and  
are in the same units. 



Charging a Capacitor 

• In a circuit that charges a  
capacitor, once the switch is  
closed, the potential difference  
of the battery causes a current  
in the circuit, and the capacitor  
begins to charge. 

• As the capacitor charges, it develops a potential difference 
that opposes the current, so the current decreases, and so 
does the rate of charging. 

• The capacitor charges until ΔVC = ℇ. 

 

 



Charging a Capacitor 

• The equations that describe the capacitor voltage and the 
current as a function of time are 

 



Example #4 

• The capacitor is initially unchanged. Immediately after the 
switch closes, the capacitor voltage is 

 

1. 0 V 

2. Somewhere between 0 V  
and 6 V 

3. 6 V 

4. Undefined. 



Example #4 

• The capacitor is initially unchanged. Immediately after the 
switch closes, the capacitor voltage is 

 

1. 0 V 

2. Somewhere between 0 V  
and 6 V 

3. 6 V 

4. Undefined. 



Example #5 

• The red curve shows how the capacitor charges after the 
switch is closed at t = 0. Which curve shows the capacitor 
charging if the value of the resistor is reduced? 

 

B 



Example #5 

• The red curve shows how the capacitor charges after the 
switch is closed at t = 0. Which curve shows the capacitor 
charging if the value of the resistor is reduced? 

 

Smaller time constant. 

Same ultimate amount 

of charge. 

B 



Example#6 

The switch in the circuit shown has been in position a for a long 
time, so the capacitor is fully charged. The switch is changed to 
position b at t = 0. What is the current in the circuit immediately 
after the switch is closed? What is the current in the circuit 25 s 
later?  



AC Electricity 



Alternating Current 

• A battery produces a constant emf so a flashlight has a 
constant glow. 

• The electricity distributed to homes is different. Rather than a 
constant emf, it has a sinusoidal variation. 

• A lightbulb in your home is on when the emf is positive, but 
not when it is negative. 

• The resulting flicker is too rapid to notice under normal 
circumstances. 



Alternating Current 

• In Chapter 25 we saw that an electrical generator works by 
rotating a coil of wire in a magnetic field.  

• The steady rotation of the coil causes the emf and the induced 
current in the coil to oscillate sinusoidally, alternating positive 
and then negative.  

• The oscillation forces charges to flow first in one direction and 
then the other a half cycle later. This is an alternating current: 
AC. 

• If the emf is constant and the current is always in the same 
direction, the electricity is called direct current: DC.  



Alternating Current 

• The instantaneous emf of an AC voltage source can be written 
as 

 

 

• ℇ0 is the peak or maximum  
emf, T is the period of  
oscillation, and f = 1/T is the  
frequency. 



Resistor Circuits 

• In circuits where the current and voltage are oscillating, we 
use i to represent the instantaneous current and v for the 
instantaneous voltage. 

• The potential difference across a resistor R is called the 
resistor voltage vR. It is related to the current iR through the 
resistor by Ohm’s law: 

vR = iRR 
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Resistor Circuits 

• We can analyze a circuit with a resistor connected across an AC emf 
the same way we did with a DC resistor circuit. 

• Kirchhoff’s loop law says that the sum of all the potential differences 
around a closed path is zero: 

 



Resistor Circuits 

• The resistor voltage is a sinusoidal voltage at frequency f: 

vR = VR cos(2 ft) 

• VR is the peak or maximum voltage, the amplitude of the 
sinusoidally varying voltage.  

• In the single resistor case, VR = ℇ0, so the current through the 
resistor is 

 

 

 

• IR = VR/R is the peak current. 

 



Resistor Circuits 

• The resistor’s  
instantaneous  
current and voltage  
oscillate in phase. 

 

 

 

 

• The current is at its maximum and minimum values when the 
voltage is at its maximum and minimum values.  

 



AC Power in Resistors 

• The instantaneous power is written as 

p = iR
2R = [IR cos(2 ft)]2R = IR

2R[cos(2 ft)]2  



AC Power in Resistors 
• The power oscillates twice 

during every cycle of the 
emf. 



AC Power in Resistors 
• The current in a lightbulb  

reverses direction 120  
times per second, so the  
power reaches a maximum  
twice per second. 

• However the bulb glows  
steadily, so the average  
power is more useful.  

• The average power PR is  



AC Power in Resistors 
• Recall that the power in a DC circuit is PR = I 2R = V 2/R. 

• The root-mean-square current and the root-mean-square voltage 
are more useful expressions of power: 

 

 

 

• Using the root-mean-square values, we write the average power 
dissipated in an AC circuit as: 

 

 

 

• As long as you work with rms voltages and currents, all the 
expressions for DC power carry over to AC power. 



Example #1 

The hot wire in a toaster dissipates 580 W when plugged into a 
120 V outlet. 

a. What is the wire’s resistance? 

b. What are the rms and peak currents through the wire? 

PREPARE We’ve seen that the 120 V outlet voltage is an rms value. 
The filament has resistance R. It dissipates 580 W when there’s 
an rms voltage of 120 V across it. We can solve Equation 26.9 for 
R and then use Equations 26.9 and 26.8 to find the rms current 
and the peak current. 



Example #1 

SOLVE 

a. We rearrange Equation 26.9 to find the resistance from the 
rms voltage and the average power: 



Example #1 

b. A second rearrangement of Equation 26.9 allows us to find 
the current in terms of the power and the resistance, both of 
which are known: 

 

 

 

 From Equation 26.8, the peak current is 



Example #1 

ASSESS We can do a quick check on our work by calculating the 
power for the rated voltage and computed current:  

PR = Irms Vrms = (4.8 A)(120 V) = 580 W 

This agrees with the value given in the problem statement, giving 
us confidence in our solution. 



Example #2 

A 120 V (rms) AC power supply is connected to a motor, which is 
rated at 100 W.  

A. What is the rms current in the circuit? 

B. Now, suppose that the wires used to connect the motor to 
the power supply have a resistance of 7.0 Ω. Assume that 
the rms current stays the same. What is the voltage drop 
across the resistance of the wires? What is the voltage at the 
motor now?  

C. Now, suppose the power supply is 1200 V, and the motor is 
rated at 100 W at this higher voltage. What is the current in 
the circuit assuming no resistance in the wires? 

D. If the wires have a resistance of 7.0 Ω, what is the voltage 
drop across the wires? The voltage at the motor? 
 

 

 



Transformers 



AC Electricity and 
Transformers 
• A transformer is a device that takes an alternating voltage as 

an input and produces either a higher or lower voltage as 
output. 

• The operation of a transformer is based on the emf produced 
by changing magnetic fields, so the input must be AC 
electricity. 



Transformer Operation 

• A simplified version of a transformer consists of two coils 
wrapped on a single iron core.  



Transformer Operation 

• In a simple transformer, the primary coil is connected to  
an AC voltage. The AC voltage creates an alternating  
current. 

• The current in the coil creates a magnetic field that 
magnetizes the iron core to produce a much stronger net field. 

• The strong flux follows the iron core and enters the secondary 
coil. 

 



Transformer Operation 

• The current in the primary coil of a transformer is an  
alternating current; it creates an oscillating magnetic field  
in the iron core. 

• The changing magnetic field means there is a changing 
magnetic flux through the secondary coil, which induces an 
emf, an AC voltage V2 in the coil. 

• A resistor, or load, is connected to dissipate power.  
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Transformer Operation 

• The purpose of a transformer is to change the voltage, so we 
need to understand how the voltage in the primary coil of a 
transformer relates to that in the secondary coil. 

• According to Faraday’s law, an instantaneous voltage across N1 
turns due to the magnetic flux  in the primary coil is 



Transformer Operation 

• In an ideal transformer, all the flux is “guided” by the iron core 
through the secondary coil. The changing flux induces an emf 
across the secondary coil given by 

 

 

• Because Δ/Δt is the same in each coil, we can write a ratio of 
instantaneous voltages: 



Transformer Operation 

• We can also relate the peak and rms voltages of the primary 
and secondary coils: 

 

 

 

 

• A step-up transformer, with N2 > N1, increases the voltage, 
while a step-down transformer, with N2 < N1, lowers the 
voltage. 

 

 



Transformer Operation 

• We can relate the peak currents between the coils in a 
transformer with an expression that mirrors the expression of 
peak voltages between the coils: 

 

 

 

 

• A step-up transformer raises voltage but lowers current; a 
step-down transformer lowers voltage but raises current. 

 

 



Example #1 

• If the primary coil of wire on a transformer is kept the same 
and the number of turns of wire on the secondary is 
increased, how will this affect the voltage observed at the 
secondary? 

 

1. The voltage will increase. 

2. The voltage will stay the same. 

3. The voltage will decrease. 



Example #1 

• If the primary coil of wire on a transformer is kept the same 
and the number of turns of wire on the secondary is 
increased, how will this affect the voltage observed at the 
secondary? 

 

1. The voltage will increase. 

2. The voltage will stay the same. 

3. The voltage will decrease. 



Example #2 

• Suppose that an ideal transformer has 400 turns in its primary 
coil and 100 turns in its secondary coil. The primary coil is 
connected to a 120 V (rms) electric outlet and carries an rms 
current of 10 mA. What are the rms values of the voltage and 
current for the secondary? 

 

1. 480 V, 40 mA 

2. 480 V, 2.5 mA 

3. 30 V, 40 mA 

4. 30 V, 2.5 mA 



Example #2 

• Suppose that an ideal transformer has 400 turns in its primary 
coil and 100 turns in its secondary coil. The primary coil is 
connected to a 120 V (rms) electric outlet and carries an rms 
current of 10 mA. What are the rms values of the voltage and 
current for the secondary? 

 

1. 480 V, 40 mA 

2. 480 V, 2.5 mA 

3. 30 V, 40 mA 

4. 30 V, 2.5 mA 



Example #3 

A book light has a 1.4 W, 4.8 V bulb that is powered by a 
transformer connected to a 120 V electric outlet. The secondary 
coil of the transformer has 20 turns of wire. How many turns 
does the primary coil have? What is the current in the primary 
coil? 



Example #3 

We know the voltages of the primary and the secondary, so we can 
compute the turns in the primary coil using Equation 26.13. We know 
the voltage and the power of the bulb, so we can find the current in 
the bulb. This is the current in the secondary, which we can use in 
Equation 26.14 to find the current in the primary, the current provided 
by the outlet. 



Example #3 

SOLVE The bulb is rated at 4.8 V; this is the rms voltage at the 
secondary, so (V2)rms = 4.8 V. The power outlet has the usual 
(V1)rms = 120 V, so we can rearrange Equation 26.13 to find 



Example #3 

The bulb connected to the secondary dissipates 1.4 W at  
4.8 V; this is an rms voltage, so the rms current in the secondary 
is 



Example #3 

We can then rearrange Equation 26.14 to find the rms current in 
the primary: 



Example #3 

ASSESS We can check our results by looking at the power supplied 
by the wall outlet. This is P1 = (120 V)(0.012 A) = 1.4 W, the same 
as the power dissipated by the bulb, as must be the case because 
we’ve assumed the transformer is ideal. 
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Example #4 

To provide power to a small city, a power plant generates  
40 MW of AC electricity. The power plant is 50 km from the city 
(a typical distance), and the 100 km of wire used in the 
transmission line (to the city and back) has a resistance of 7.0 Ω. 



Example #4 

a. To provide 40 MW of power at the generator voltage of 
25,000 V, what current is required?  

b. What is the power dissipated in the resistance of the 
transmission line for this current?  

c. To provide 40 MW of power at 500,000 V, what current is 
required?  

d. What is the power dissipated in the resistance of the 
transmission line for this higher voltage? 



Example #4 

PREPARE We can treat the city—and the wires that transmit power 
to it—as a load. All of the voltages are rms values and the power 
is an average power, so we can find the current to provide a given 
power and the power dissipated using the relationships in 
Equation 26.9. 



Example #4 

SOLVE   

a. To provide 40 MW at the generator voltage of 25,000 V, the 
current is 



Example #4 
b. Passing this current through the transmission lines will result in 

power dissipation in the 7.0 Ω resistance of the wires. We don’t 
know the voltage drop across the wires, but we do know the 
current and resistance, so we can compute 

 Pdissipated in wires = (Irms)
2R = (1600 A)2 (7.0 Ω) = 18 MW   

This is nearly half the power generated, clearly an unacceptable 
loss. 



Example #4 

c. Increasing the transmission voltage to 500 kV reduces the  
necessary current: 

 

 

This is a remarkably small current to supply a city. If you use 
several high-power appliances at one time, you could easily 
use this much current in your house. But the necessary 
current for the city can be so small because the voltage is so 
large. 



Example #4 

d. The relatively small current means that the power dissipated 
in the resistance of the wires will be small as well:  

Pdissipated in wires = (Irms)
2R = (80 A)2 (7.0 Ω) = 0.045 MW   

This is only about 0.1% of the power generated, which is 
quite reasonable. 



Example #4 

ASSESS The final result—the power dissipated in the wires is 
dramatically reduced for an increased transmission voltage—is 
just what the example was designed to illustrate. 



Power Transmission 

• Transmitting electricity at high voltages means a smaller 
current is required, and therefore the resulting power loss is 
more manageable than for low voltages (and larger currents). 

• This is why electrical transmission lines run at high voltages. 

• In order to transmit electricity at high voltages, we need to 
use transformers to increase the voltage, which requires AC 
electricity. This is why we use AC power even though it is 
slightly more dangerous than DC power.  



Household 
Electricity 



Household Electricity 

• For single circuits, we have only dealt with the potential 
difference. 

• When you want to connect different circuits together, like a 
computer monitor to the computer itself, the connected 
circuits need a common reference point for the potential. 

• This is why we have an electric ground.  



Getting Grounded 

• The earth itself is a conductor.  
If we connect one point from  
two different circuits to the  
earth with ideal wires, then  
both circuits have a common  
reference point. 

• In practice, we could call the  
potential of the earth  
Vearth = 0 V. 

 



Getting Grounded 
• A circuit connected to the earth 

is said to be grounded. 

• Under normal circumstances, the 
ground connection does  
not carry any current because  
it is not part of the complete 
circuit, so it does not alter the 
behavior of the circuit. 



Electric Outlets Are Grounded 
Parallel Circuits 
• The outlets in your house are connected in parallel. Electricity 

provided by the power company is transmitted to outlets 
through wires in your walls.  

• One terminal of the electric supply is grounded; we call it the 
neutral side. The other has varying potential; the hot side. 
Each outlet has two slots, one connected to each side. 

 



Electric Outlets Are Grounded 
Parallel Circuits 
• When you insert a plug into an electrical outlet, the prongs 

connect to the two terminals of the electric supply. 

•  The device you’ve plugged in completes the circuit, the 
potential difference across the device leads to a current, and 
the device turns on.  
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Electric Outlets Are Grounded 
Parallel Circuits 
• The multiple outlets in a room are connected in parallel so 

that each works while the others are not being used. 

• If multiple outlets are used, then the total current in the 
circuit increases. 

• The wires in your house are not ideal; they have small 
resistances and can heat up and cause a fire when there is too 
much current.  

• A circuit breaker limits the current in each circuit. If an 
ammeter measures too much current, it sends a signal to 
open the switch to disconnect the circuit. 



Electric Outlets Are Grounded 
Parallel Circuits 
• When a plug is connected to the outlet and you turn off 

the device, the switch disconnects the hot wire, not the 
neutral wire. The device is then grounded, and thus safe, 
when switched off. 

• The round hole in an electric outlet is a second ground 
connection. If a device has a metal case, and a wire 
comes loose in the device and contacts the case, a 
person then touching the case can get shocked. 

• If the device with the metal case is grounded, the 
potential is 0 and therefore always safe to touch. A hot 
wire touching a grounded case would create a large 
circuit that would trip the circuit breaker, which would 
disconnect the wire. 



Example #1 

A circuit in a student’s room has a 15 A circuit breaker. One 
evening, she plugs in a computer (240 W), a lamp (with two 60 W 
bulbs), and a space heater (1200 W). Will this be enough to trip 
the circuit breaker? 



Example #1 

PREPARE We start by sketching the circuit, as in FIGURE 26.11. 
Because the three devices are in the same circuit, they are 
connected in parallel. We can model each of them as a resistor. 



Example #1 

SOLVE The current in the circuit is the sum of the currents in the 
individual devices: 

(Itotal)rms = (Icomputer)rms + (Ilamp)rms + (Iheater)rms  

 

 



Example #1 

Equation 26.9 gives the power as the rms current times the rms 
voltage, so the current in each device is the power divided by the 
rms voltage: 

 

 

 

This is almost but not quite enough to trip the circuit breaker. 

 

 



Example #1 

ASSESS Generally all of the outlets in one room (and perhaps the 
lights as well) are on the same circuit. You have quite possibly 
used electric devices with this much total power in one room 
without problems, so this result seems reasonable. 

 

 



Kilowatt Hours 

• Kilowatt hours is the unit of energy the electric power 
companies use to measure the energy used each month at a 
home. 

• The conversion between kilowatt hours and joules is 

1 kWh = (1.00  103 W)(3600 s) = 3.6  106 J  



Example #2 

A typical electric space heater draws an rms current of  
12.5 A on its highest setting.  If electricity costs 12¢ per kilowatt 
hour (an approximate national average), how much does it cost 
to run the heater for 2 hours? 

SOLVE The power dissipated by the heater is 

P = Vrms Irms = (120 V)(12.5 A) = 1500 W = 1.5 kW 

In 2 hours, the energy used is (1.5 kW)(2.0 h) = 3.0 kWh. At 12¢ 
per kWh, the cost  is 36¢. 

 



Example #3 

The following devices are plugged into outlets on the same 120 V 
circuit in a house. This circuit is protected with a  
15 A circuit breaker. Does the circuit breaker blow? 

 

Device Power 

Computer 250 W 

Heater 900 W 

Lamp 100 W 

Stereo 120 W 



Name: _______________________________ 
 

RC Circuits & AC Electricity Activity: Calculations Key 
 

Introduction 
In this activity, you will use circuit theory laws to make calculations.  

 
Equipment  

 Paper & pencil 
 Reference Tables 
 Calculator 

 
Procedure 
 

1) A 4.0-µF capacitor and an 8.0-µF capacitor are connected together. What is the equivalent capacitance of the 

combination if they are connected (a) in series or (b) in parallel? 

Answer:  (a) 2.7 µF     (b) 12.0 µF 

 

2) You have three capacitors with capacitances of 4.00 μF, 7.00 μF, and 9.00 μF. What is the equivalent 

capacitance if they are connected (a) in series and (b) in parallel? 

Answer:  (a) 1.98 µF     (b) 20.00 µF 

 

3) A network of capacitors is connected across a potential difference V0 as shown in the figure. 

(a) What should V0 be so that the 60.0-µF capacitor will have 18.0 µC of charge on each of its plates? 

(b) Under the conditions of part (a), how much total energy is stored in this network of capacitors? 

 

Answer:  (a) 1.50 V     (b) 13.5 μJ  

 

4) A system of four capacitors is connected across a 90-V voltage source as shown in the figure. 

(a) What is the charge on the 4.0-µF capacitor? 

(b) What is the charge on the 2.0-µF capacitor? 

 
Answer:  (a) 120 µC     (b) 120 µC 

 

5) A system of four capacitors is connected across a 90-V voltage source as shown in the figure. 

(a) What is the potential difference across the plates of the 6.0-µF capacitor? 



(b) What is the charge on the 3.0-µF capacitor? 

 
Answer:  (a) 30 V     (b) 180 µC 

 

6) Four 16-μF capacitors are connected in combination.  What is the equivalent capacitance of this combination 

if they are connected 

(a) in series? 

(b) in parallel? 

(c) such that two of them are in parallel with each other and that combination is in series with the remaining two 

capacitors? 

Answer:  (a) 4.0 µF     (b) 64 µF     (c) 6.4 µF 

 

7) Three capacitors of capacitance 5.00 μF, 10.0 μF, and 50.0 μF are connected in series across a 12.0-V 

potential difference (a battery). 

(a) How much charge is stored in the 5.00-μF capacitor? 

(b) What is the potential difference across the 10.0-µF capacitor? 

Answer:  (a) 37.5 µC     (b) 3.75 V 

 

8) A 1.0-µF capacitor and a 2.0-µF capacitor are connected together, and then that combination is connected 

across a 3.0-V potential source (a battery). What is the potential difference across the 2.0-µF capacitor if the 

capacitors are connected (a) in series or (b) in parallel? 

Answer:  (a) 1.0 V     (b) 3.0 V 

 

9) A 9.00-µF and a 12.0-µF capacitor are connected together, and this combination is connected across a 25.0-V 

potential difference. How much electric energy is stored in the combination if they are connected (a) in parallel 

or (b) in series? 

Answer:  (a) 6.56 mJ     (b) 1.61 mJ 

 

10) When an initially uncharged capacitor is charged through a 25-kΩ resistor by a 75-V dc ideal power source, 

it takes 0.23 ms for the capacitor to reach 50% of its maximum charge? What is the capacitance of this 

capacitor? 

Answer:  13 nF 

 

11) The capacitor shown in the circuit in the figure is initially uncharged when the switch S is suddenly closed, 

and the battery is ideal. After one time constant has gone by, find (a) the current through the resistor and (b) the 

charge on the capacitor. Assume that the numbers shown are all accurate to two significant figures. 

 
Answer:  (a) 0.74 A     (b) 1.3 mC 



 

12) A circuit contains a 2.0-MΩ resistor in series with an uncharged capacitor. When this combination is 

connected across an ideal battery, the capacitor reaches 25% of its maximum charge in 1.5 s. What is its 

capacitance? 

Answer:  2.6 µF 

 

13) A series circuit consists of a 2.5-μF capacitor, a 7.6-MΩ resistor, and an ideal 6.0-V dc power source. 

(a) What is the time constant for charging the capacitor? 

(b) What is the potential difference across the capacitor 25 s after charging begins? 

Answer:  (a) 19 s     (b) 4.4 V 

 

14) A resistor with a resistance of 360 Ω is in a series circuit with a capacitor of capacitance 7.3 × 10-6 F. What 

capacitance must be placed in parallel with the original capacitance to change the capacitive time constant of 

the combination to three times its original value? 

Answer:  15 × 10-6 F 

 

15) In the circuit shown in the figure, all the capacitors are initially uncharged when the switch S is suddenly 

closed, and the battery is ideal. Find (a) the maximum reading of the ammeter and (b) the maximum charge on 

the 5.00-µF capacitor. 

 
Answer:  (a) 2.50 A     (b) 458 µC 

 

16) An ideal transformer has 60 turns on its primary coil and 300 turns on its secondary coil.  If 120 V at 2.0 A 

is applied to the primary, 

(a) what voltage is present in the secondary? 

(b) what current is present in the secondary? 

Answer:  (a) 240 V     (b) 0.40 A 

 

17) An ideal step-down transformer is needed to reduce a primary voltage of 120 V to 6.0 V. What must be the 

ratio of the number of turns in the secondary to the number of turns in the primary? 

Answer:  1 to 20 

 

18) An ideal transformer steps down 120 V to 12. V and the 2630.-turn secondary supplies 12. A. 

(a) Determine the current in the primary. 

(b) Determine the turns ratio. 

(c) What is the ratio of output power to input power? 

Answer:  (a) 1.2 A     (b) 1.0:10.     (c) 1:1 for ideal transformer 

 

19) An ideal transformer with 120 turns in its secondary supplies 12 V at 220 mA to a toy train. The primary is 

connected across a 120-V wall outlet. 

(a) How many turns are in the primary? 

(b) What is the primary current? 

(c) What power is delivered by the wall outlet? 

Answer:  (a) 1200     (b) 22 Ma     (c) 2.6 W 

 

20) An ideal transformer has 60 turns on its primary coil and 300 turns on its secondary coil. If 120 V at 2.0 A 

is applied to the primary, what voltage and current are present in the secondary? 



Answer:  600 V,  0.40 A 

 

21) You need an ideal transformer to reduce a voltage of 150 V in the primary circuit to 25 V in the secondary 

circuit. The primary circuit has 130 windings and the secondary circuit is completed through a 55-Ω resistor. 

How many windings should the secondary circuit contain? 

Answer:  22 

 

22) American power plants usually supply 120 V ac. 

(a) At what frequency is this voltage supplied? 

(b) What is the maximum voltage? 

Answer:  (a) 60 Hz     (b) 170 V (120 V is the rms voltage) 

 

23) A 100-W light bulb is powered by 120 V ac 60.0-Hz household connection. Determine the rms current and 

the current amplitude. 

Answer:  0.833 A rms, 1.18 A amplitude 

 

24) The peak current and voltage outputs of a generator are 20 A and 240 V, respectively. What average power 

is provided by the generator? 

Answer:  2.4 kW 

 

25) The potential applied to a 20-Ω resistor is v = (60 V) cos(33t). What is the rms current through this resistor? 

Answer:  2.1 A 

 

26) The current through a 50-Ω resistor is I = (0.80 A) sin(240t). What are (a) the current amplitude and (b) the 

rms current? 

Answer:  (a) 0.80 A     (b) 0.57 A 

 

27) A 0.150-kW lamp is plugged into a 120-V ac wall outlet. What are (a) the peak current through the lamp, 

(b) the rms current through the lamp, and (c) the resistance of the lamp? 

Answer:  (a) 1.77 A     (b) 1.25 A     (c) 96.0 Ω 

 

28) The potential applied to a 20-Ω resistor is (60 V) cos(33t). What is the average power consumed in the 

resistor? 

Answer:  90 W 

 

29) At what frequency does a 10-μF capacitor have a reactance of 0.12 kΩ? 

Answer:  0.13 kHz 

 

30) At what frequency will the inductive reactance of a 44-mH inductor be equal to the capacitive reactance of a 

27-pF capacitor? 

Answer:  0.15 MHz 

 

31) A 0.10-μF capacitor is connected to a 120-V rms 60-Hz source. 

(a) What is its capacitive reactance? 

(b) What is the rms current to the capacitor? 

(c) If both the capacitance and the frequency were doubled, what would be the rms current? 

Answer:  (a) 27 kΩ     (b) 4.5 mA     (c) 18 mA 

 



Name: _______________________________ 
 

RC Circuits & AC Electricity Activity: Calculations 
 

Introduction 
In this activity, you will use circuit theory laws to make calculations.  

 
Equipment  

 Paper & pencil 
 Reference Tables 
 Calculator 

 
Procedure 
 

Capacitors 
 
1) A 4.0-µF capacitor and an 8.0-µF capacitor are connected together. What is the equivalent capacitance 
of the combination if they are connected (a) in series or (b) in parallel? 
 
2) You have three capacitors with capacitances of 4.00 μF, 7.00 μF, and 9.00 μF. What is the equivalent 
capacitance if they are connected (a) in series and (b) in parallel? 
 
3) A network of capacitors is connected across a potential difference V0 as shown in the figure. 

(a) What should V0 be so that the 60.0-µF capacitor will have 18.0 µC of charge on each of its plates? 

(b) Under the conditions of part (a), how much total energy is stored in this network of capacitors? 

 
 
4) A system of four capacitors is connected across a 90-V voltage source as shown in the figure. 
(a) What is the charge on the 4.0-µF capacitor? 
(b) What is the charge on the 2.0-µF capacitor? 

 
 
 
 
 



 
 
 
5) A system of four capacitors is connected across a 90-V voltage source as shown in the figure. 
(a) What is the potential difference across the plates of the 6.0-µF capacitor? 
(b) What is the charge on the 3.0-µF capacitor? 

 
 
6) Four 16-μF capacitors are connected in combination.  What is the equivalent capacitance of this 
combination if they are connected 
(a) in series? 
(b) in parallel? 
(c) such that two of them are in parallel with each other and that combination is in series with the 
remaining two capacitors? 
 

RC Circuits 
 
7) Three capacitors of capacitance 5.00 μF, 10.0 μF, and 50.0 μF are connected in series across a 12.0-V 
potential difference (a battery). 
(a) How much charge is stored in the 5.00-μF capacitor? 
(b) What is the potential difference across the 10.0-µF capacitor? 
 
8) A 1.0-µF capacitor and a 2.0-µF capacitor are connected together, and then that combination is 
connected across a 3.0-V potential source (a battery). What is the potential difference across the 2.0-µF 
capacitor if the capacitors are connected (a) in series or (b) in parallel? 
 
9) A 9.00-µF and a 12.0-µF capacitor are connected together, and this combination is connected across a 
25.0-V potential difference. How much electric energy is stored in the combination if they are connected 
(a) in parallel or (b) in series? 
 
10) When an initially uncharged capacitor is charged through a 25-kΩ resistor by a 75-V dc ideal power 
source, it takes 0.23 ms for the capacitor to reach 50% of its maximum charge? What is the capacitance of 
this capacitor? 
 
11) The capacitor shown in the circuit in the figure is initially uncharged when the switch S is suddenly 
closed, and the battery is ideal. After one time constant has gone by, find (a) the current through the 
resistor and (b) the charge on the capacitor. Assume that the numbers shown are all accurate to two 
significant figures. 



 
 
12) A circuit contains a 2.0-MΩ resistor in series with an uncharged capacitor. When this combination is 
connected across an ideal battery, the capacitor reaches 25% of its maximum charge in 1.5 s. What is its 
capacitance? 
 
13) A series circuit consists of a 2.5-μF capacitor, a 7.6-MΩ resistor, and an ideal 6.0-V dc power source. 
(a) What is the time constant for charging the capacitor? 
(b) What is the potential difference across the capacitor 25 s after charging begins? 
 

14) A resistor with a resistance of 360 Ω is in a series circuit with a capacitor of capacitance 7.3 × 10-6 F. 
What capacitance must be placed in parallel with the original capacitance to change the capacitive time 
constant of the combination to three times its original value? 
 
15) In the circuit shown in the figure, all the capacitors are initially uncharged when the switch S is 
suddenly closed, and the battery is ideal. Find (a) the maximum reading of the ammeter and (b) the 
maximum charge on the 5.00-µF capacitor. 

 
 

AC Electricity & Transformers 
 
16) An ideal transformer has 60 turns on its primary coil and 300 turns on its secondary coil.  If 120 V at 
2.0 A is applied to the primary, 
(a) what voltage is present in the secondary? 
(b) what current is present in the secondary? 
 
17) An ideal step-down transformer is needed to reduce a primary voltage of 120 V to 6.0 V. What must 
be the ratio of the number of turns in the secondary to the number of turns in the primary? 
 
18) An ideal transformer steps down 120 V to 12. V and the 2630.-turn secondary supplies 12. A. 
(a) Determine the current in the primary. 
(b) Determine the turns ratio. 
(c) What is the ratio of output power to input power? 
 
19) An ideal transformer with 120 turns in its secondary supplies 12 V at 220 mA to a toy train. The 
primary is connected across a 120-V wall outlet. 
(a) How many turns are in the primary? 
(b) What is the primary current? 
(c) What power is delivered by the wall outlet? 
 
20) An ideal transformer has 60 turns on its primary coil and 300 turns on its secondary coil. If 120 V at 
2.0 A is applied to the primary, what voltage and current are present in the secondary? 
 



21) You need an ideal transformer to reduce a voltage of 150 V in the primary circuit to 25 V in the 
secondary circuit. The primary circuit has 130 windings and the secondary circuit is completed through a 
55-Ω resistor. How many windings should the secondary circuit contain? 
 
22) American power plants usually supply 120 V ac. 
(a) At what frequency is this voltage supplied? 
(b) What is the maximum voltage? 
 
23) A 100-W light bulb is powered by 120 V ac 60.0-Hz household connection. Determine the rms current 
and the current amplitude. 
 
 
24) The peak current and voltage outputs of a generator are 20 A and 240 V, respectively. What average 
power is provided by the generator? 
 
25) The potential applied to a 20-Ω resistor is v = (60 V) cos(33t). What is the rms current through this 
resistor? 
 
26) The current through a 50-Ω resistor is I = (0.80 A) sin(240t). What are (a) the current amplitude and 
(b) the rms current? 
 
27) A 0.150-kW lamp is plugged into a 120-V ac wall outlet. What are (a) the peak current through the 
lamp, (b) the rms current through the lamp, and (c) the resistance of the lamp? 
 
28) The potential applied to a 20-Ω resistor is (60 V) cos(33t). What is the average power consumed in 
the resistor? 
 
29) At what frequency does a 10-μF capacitor have a reactance of 0.12 kΩ? 
 
30) At what frequency will the inductive reactance of a 44-mH inductor be equal to the capacitive 
reactance of a 27-pF capacitor? 
 
31) A 0.10-μF capacitor is connected to a 120-V rms 60-Hz source. 
(a) What is its capacitive reactance? 
(b) What is the rms current to the capacitor? 
(c) If both the capacitance and the frequency were doubled, what would be the rms current? 
 



Name: _____________________________ 
RC Circuits & AC Electricity 
 

RC Circuits, AC Electricity, Transformers, & 
Household Electricity 

 
1) Three identical capacitors are connected in series 

across a potential source (battery).  If a charge of Q 

flows into this combination of capacitors, how 

much charge does each capacitor carry? 

A) 3Q 

B) Q 

C) Q/3 

D) Q/9 

 
2) Four unequal resistors are connected in series 

with each other. Which one of the following 

statements is correct about this combination? 

A) The equivalent resistance is equal to that of any 

one of the resistors. 

B) The equivalent resistance is equal to average of 

the four resistances. 

C) The equivalent resistance is less than that of the 

smallest resistor. 

D) The equivalent resistance is less than that of the 

largest resistor. 

E) The equivalent resistance is more than the largest 

resistance. 

 
3) A network of capacitors is mostly inside a sealed 

box, but one capacitor CX is sticking out, as shown 

in the figure. When you connect a multimeter across 

points a and b, it reads 27.0 µF. What is CX? 

 
A) 27.0 µF 

B) 23.0 µF 

C) 4.0 µF 

D) 2.4 µF 

E) 2.2 µF 

 
 
 
 
 
 
 

4) A 2.0-μF capacitor and a 4.0-μF capacitor are 

connected in series across an 8.0-V potential source. 

What is the charge on the 2.0-μF capacitor? 

A) 2.0 μC 

B) 4.0 μC 

C) 12 μC 

D) 11 μC 

E) 25 μC 

 
5) Draw a circuit with two batteries, a resistor 

between them, and a capacitor in parallel with the 

resistor. The batteries are connected negative pole 

to positive pole. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6) Draw a circuit with a battery connected to four 

resistors, R1, R2, R3, and R4, as follows. Resistors 

R1 and R2 are connected in parallel with each other, 

resistors R3 and R4 are connected in parallel with 

each other, and both parallel sets of resistors are 

connected in series with each other across the 

battery. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7) A system of four capacitors is connected across a 

90-V voltage source as shown in the figure. What is 

the equivalent capacitance of this system? 

 
A) 1.5 μF 

B) 15 μF 

C) 3.6 μF 

D) 3.3 μF 

 
8) Three capacitors of equal capacitance are 

arranged as shown in the figure, with a voltage 

source across the combination. If the voltage drop 

across C1 is  what is the voltage drop across 

 

  
A) 20 V 

B) 10.0 V 

C) 40 V 

D) 30 V 

 
9) A transformer is a device used to 

A) transform an alternating current into a direct 

current. 

B) transform a direct current into an alternating 

current. 

C) increase or decrease an ac voltage. 

D) increase or decrease a dc voltage. 

 
10) If the secondary coil of a transformer contains 

more loops than the primary coil, then it is a 

A) step-up transformer. 

B) step-down transformer. 



11) A transformer is a device that normally 

A) operates on either dc or ac. 

B) operates only on ac. 

C) operates only on dc. 

 
12) An ideal step-up transformer doubles a primary 

voltage of 110 V. What is the ratio of the number of 

turns in its primary coil to the number of turns in 

the secondary coil? 

A) 1:4 

B) 4:1 

C) 2:1 

D) 1:2 

E) 1:8 

 
13) The secondary coil of an ideal neon sign 

transformer provides 7500 V at 10.0 mA.  The 

primary coil operates on 120 V.  What current does 

the primary draw? 

A) 0.625 A 

B) 0.625 mA 

C) 0.160 A 

D) 1.66 A 

 
14) The primary coil of an ideal transformer has 

100 turns and its secondary coil has 400 turns. If the 

ac current in the secondary coil is 2 A, what is the 

current in its primary coil? 

A) 2 A 

B) 8 A 

C) 1/2 A 

D) 1/4 A 

E) 4 A 

 
15) If the maximum voltage of an ac signal is 8.0 V, 

what is the rms value of this voltage? 

A) 2.8 V 

B) 5.7 V 

C) 6.2 V 

D) 4.0 V 

E) 16.0 V 

 
16) A 120-V rms voltage at 60.0 Hz is applied 

across an inductor, capacitor and a 100-Ω resistor in 

series. If the maximum value of the current in this 

circuit is 1.60 A, what is the rms value of the 

current in this circuit? 

A) 1.13 A 

B) 2.26 A 

C) 1.82 A 

D) 1.60 A 

E) 2.66 A 

17) A 150-W lamp is placed into a 120-V ac outlet.  

What is the peak current? 

A) 0.80 A 

B) 0.88 A 

C) 1.2 A 

D) 1.8 A 

 

18) An alternating current is supplied to an 

electronic component with a rating that the voltage 

across it can never, even for an instant, exceed  

What is the highest rms voltage that can be supplied 

to this component while staying below the voltage 

limit? 

A) 8  V 

B) 16  V 

C) 256 V 

D) 8 V 

 
19) What is the peak voltage in an ac circuit where 

the rms voltage is 120 V? 

A) 84.8 V 

B) 120 V 

C) 170 V 

D) 240 V 

 
20) If the primary coil of a transformer contains 

more loops than the secondary coil then it is a 

A) step-up transformer. 

B) step-down transformer. 

 



Name: ________________________________ 
 

RC Circuits & AC Electricity Project: AC Generator 
 

Introduction 
AC Current is different from DC in that the polarity is constantly inverting in a given period. For 
example: Let’s say you have a standard battery hooked up to a volt meter. Normally you would connect 
the positive lead to the positive terminal of the battery as well as the negative lead to the negative 
terminal. If you wish to generate an AC current you would connect the leads normally for half a second 
and then invert them (where the positive terminal is connected to the negative lead and the negative 
terminal is connected to the positive lead) for another half second. If you constantly repeat this process 
you will have an AC current operating at one hertz (1hz). Where a hertz is 1 / Period. The period is the 
time the current is positive plus the time it is negative in one cycle, so in our case 0.5s + 0.5s = 1s per 
period. In America AC voltage to your home is typically 110 Volts at 60hz in a smooth sine wave. 
For our practical purposes all we need to know is that a magnet has two poles, north and south. Poles 
attract each other when placed from north to south and repel when placed north to north or south to 
south. 
An electromagnet is a magnet that is created with a coil. When current passes through the coil a 
magnetic flux is created. Conversely when a magnetic field passes through the coil a current is created. 
For further reference, go to ohmpie.com/acmotor. 

 
 

Equipment  
 Rigid Foam 
 6 Metal Screws 
 6 STRONG Magnets 
 Wire 
 Hot Glue/Guns 
 Wooden Dowel 
 Oscilloscope 

 



Procedure 

 The base for the motor 

 

 

 Dividing the rotor into 6 sections 

 

 
 

 
 

 

 



 Coil Winding 

o At this stage, determine how strong of an electromagnet you need for the magnets  

o Create a electromagnet with enough magnetic flux to successfully repel the magnets 

o Use a +5V DC power supply to test the coil and determine the number of coil windings you will 

need 

 

 

 Label the magnets north and south and place them in the rotor with hot glue 

 



 The base fully assembled 

 

 

 The base with coils 

 
 

 

 

 

 

 

 

 



 Unit fully assembled  

o First test to see if spinning the rotor will generate an AC current 

o Wire all of the coils in series and hook them up to the oscilloscope 

o Spinning the rotor by hand should produce a rough sine wave 

o (OPTIONAL) Try powering the motor. To generate an AC current use a Signal Generator around 

50hz. May or may not be able to generate the necessary current.  WARNING NECESSARY 

CURRENT COULD BE DANGEROUS 

 

 



Robotics 
 
Curricular Goals: 
The students will be able to: 

 Design and create an automated vehicle that utilizes a sensor 
 Work within groups to follow constraints and meet the criteria 
 Use the 3 d printer to create a part that will be utilized on their vehicle that has a function 

 
Learning Standards: 

 Key idea: Engineering design is an iterative process involving modeling and optimization used to 

develop technological solutions to problems within given constraints. 

 Key idea: Technological tools, materials, and other resources should be selected on the basis of 

safety, cost, availability, appropriateness, and environmental impact; technological processes 

change energy, information, and material resources into more useful forms. 

 Key idea: Computers, as tools for design, modeling, information processing, communication, and 

system control, have greatly increased human productivity and knowledge. 

 Key idea: Technological systems are designed to achieve specific results and produce outputs, 

such as products, structures, services, energy, or other systems. 

 Key idea: Technology has been the driving force in the evolution of society from an agricultural to 

an industrial to an information base. 

 Key idea: Technology can have positive and negative impacts on individuals, society, and the 

environment and humans have the capability and responsibility to constrain or promote 

technological development. 

 Key idea: Project management is essential to ensuring that technological endeavors are profitable 

and that products and systems are of high quality and built safely, on schedule, and within budget. 

Standards for English Language Arts 
 Standard 4: Students adjust their use of spoken, written, and visual language (e.g. conventions, 

style, vocabulary) to communicate effectively with a variety of audiences and for different 
purposes. 

 Standard 5: Students employ a wide range of strategies as they write and use different writing 
process elopements appropriately to communicate 
 

Common Core Standards: 
o CSS.ELA-Literacy.RST.11-12.1 
o CSS.ELA-Literacy.RST.11-12.7 

 
Misconceptions: students may have trouble determining how to utilize the 3d printed object to have a 
function. 
 
 
Daily Lesson Overviews: 
 
 
Day 1: 

 Aim: Introduction and Research 
 Materials: Handout entitled “automated vehicle” and computers 



 Motivation:  hands on projects 
 Procedure: 

o Go through the criteria and constraints of the project with the class. 
o Allow students to begin researching ideas. They will not find the exact project online; this 

project will need to be a unique design. 
o Students must then write out the objective, list of constraints, research ideas and a possible 

sketch. 
o Teacher will then make groups of no more than 3 students (best to be made at random). Do 

not allow students to get into groups before their engineering notebook is up to date (when 
they get together they forget to do those steps or they copy others) 

 
Day 2: 
 

 Aim: get with your groups and choose a design 
 Materials: Handout entitled “automated vehicle”, computers and robotics equipment 
 Motivation:  hands on projects 
 Procedure: 

o Allow groups to now convene and begin discussing how they will meet the constraints. 
o After discussion, the students then need to make an initial sketch. This sketch must be 

annotated thoroughly and explain how it will utilize a sensor and also what is the function 
of the 3d printed part. They must also keep in mind how to mount the interface and battery 
pack. 

o After students have an initial sketch WITH annotations, they may begin building. 
o Do not allow students to hoard parts they don’t need. Also, do not allow students to begin 

building unless their initial sketch is done and thorough. In order for every member of the 
group to be on deck all must have a design to follow so they are not sitting idle. 

 
Day 3-13: 
 

 Aim: building 
 Materials: Handout entitled “automated vehicle”, computers and robotics equipment, user 

manuals for the interface. 
 Motivation:  hands on projects 
 Procedure: 

o Students will be building their automated vehicles 
o Ensure that all students are on task and not on their phones. Record those that you must 

constantly ask to go back on task for rubric grading. 
o Eventually the students will need to research how to download the program to the 

interface to get it to run without the computer. User manuals may be utilized for this part 
(they can figure it out). 

 
Day 3-13: 
 

 Aim: Conclusions 
 Materials: Handout entitled “automated vehicle”, computers and robotics equipment, user 

manuals for the interface. 
 Motivation:  hands on projects 
 Procedure: 



o Groups will have to show the teacher how their vehicle works and undergo a performance 
test. The teacher will be looking at how the sensor and 3d printed part functions as well as 
the overall performance of the vehicle. 

o Students will take pictures of their vehicles and complete their final sketches with 
annotations in their notebooks. 

o Students should then begin working on their conclusions. 
 
 



Automated Vehicle 
 

 Objective: To create your own automated vehicle that drives itself while using some kind of sensor to 
indicate which direction it is moving. The sensor can be used to sense a path or an obstacle, maybe a color. 

 Constraints: 
o Your vehicle must move on it’s own using a program from RoboPro. 
o The program must be uploaded to the interface and the interface must be mounted on your project 

with a battery pack. 
o Your vehicle must use a sensor to indicate the direction it is moving. The sensor can be used to 

sense a path, obstacle, color, etc. 
o You MUST include one part on your vehicle that is 3d printed. This part must have a function and 

cannot simply be decorative. 
Procedure: 
Before meeting with your group: 

 Complete step 1 in your engineers notebook. 
 Before being assigned a group you will research all you can about the project to gather ideas. In your 

notebook you will take a few notes on what you read and copy down the website that you obtained the 
notes from. (This is the first part of step 2) 

 You will then be tasked to make a sketch that meets all of the constraints. Label your sketch with materials 
that you might use for all of the parts of the project. (This is the second part of step 2) 

After meeting with your group: 
 You will then meet with your group and decide on one idea. Draw out the initial sketch. Be sure to include 

annotations and include the materials that will be used. (Step 3 below). 
 Then you will get the go ahead to begin to build. 
 Follow the design process steps below on what you should include in your notebooks. 

 
 
 
 
 
 
 

 
Make sure that all of your information goes into your engineer’s notebook following the design process outline. Be 

sure to title each section. 
6 Step Design Process: 

 Step 1: Define the Problem: Here you state the objective of your project and list out constraints. 

 Step 2: Generate Concepts: Here you describe your research ideas and sketch a possible project idea. 

 Step 3: Develop a Solution: Here you develop a design proposal and include annotated initial design 

drawing. Explain THOROUGHLY how your vehicle will use a sensor and how it will aid in indicating the 

direction to drive the vehicle. Also explain what part will be 3d printed and what it’s function is. 

 Step 4: Construct and Test a Prototype: Go ahead and build. From this step on you will be building the 

project at home. I will require photos of your progress every 2 weeks.  

 Step 5: Evaluate the Solution: If something is not working, fix it! Be sure to explain what you changed 

in your notebooks! 

 Step 6: Present the Solution:  Here you will create a final drawing of your project with annotations on 

how it works.  Also include a picture of your project. 

 CONCLUSION: write out and explain: 

o How your vehicle works exactly 

o What you can do to improve your vehicles function 

o What you can do to improve the sensor function 

o What you can do to improve the function of the printed part. 

Building 
Steps: 



Rubric: 
 2 4 6 
Step 1-2 in engineer’s 
notebook 

There is too much 
information missing from 

Step 1-2 

Step 1-2 is in the 
engineer’s notebook but it 

is unclear which step is 
which  

OR  
There is some information 

missing. 

Step 1-2 is clearly outlined 
in the engineer’s 

notebook. 

Step 3 Design Proposal Your sketch is unclear 
and/or annotations 

unclear and hard to follow. 

Your sketch is somewhat 
unclear and/or 

annotations unclear and 
hard to follow. 

Your sketch is clear to 
understand and is 

correctly annotated and 
explained. 

Step 4-5 Building Steps 
 
(ALL RUBRIC POINTS X2) 

Your design has many 
glitches and does not work 

properly or efficiently. 
 

4 POINTS 

You created a design with 
some glitches that were 

not addressed. 
 

8 POINTS 

You created a working 
design within the 

parameters given and your 
change in temperature 

showed effective cooling. 
 

12 POINTS 
Step 6: Communication Your final sketch and 

picture is lacking in 
annotations AND does not 

explain changes. 

Your final sketch and 
picture is not thorough 

and could have been 
explained better.  

 

Your final sketch and 
picture has thorough 

explanations. 

Conclusions Too much of your 
conclusion is incomplete. 

Conclusion is somewhat 
incomplete. 

Conclusion is complete 
and all questions are 

answered in complete 
sentences. 

Function of the 3d 
printed part 

The 3d printed part is 
simply decorative and 

does not have a function 

The 3d printed part could 
have been better utilized 

The 3d printed part has a 
function that aids in some 

sort of task 
Function of the sensor The kinks really need to be 

worked out with your 
sensing. The vehicle does 
not rely on the sensor for 

direction. 

The sensor works and 
guides the vehicle on a 
path or has the vehicle 

change direction but not 
100% of the time. 

The sensor works and 
guides the vehicle on a 
path or has the vehicle 

change direction 

Group work Every group member has a 
role; you didn’t find yours. 
You were not on task for 

most of the project. 

Your role within the group 
could’ve been better 

defined. You were not 
always on task and had to 
be redirected a few times.  

You were a great asset to 
the group.  Your role was 
clearly defined and you 

were always on task. 

 
 



Name ____________________           Date _______ 
 

HYDRAULICS DISCOVERY ACTIVITY 
 

1, 2, 3, 4… I DECLARE A THUMB WAR!! 
 
 
 
 
 
 
 
 
Materials: 
1- 12 cc syringe 
1- 30 cc syringe 
1 bucket filled with water 
1 tube of 1/8 in diameter approximately 12 inches. 
Assorted masses 
Ruler 
 
Assembly: 
Fill the 12 cc syringe with water then connect it to the tube. Inject the water through the tube. Then connect 
the other end of the tube to the 30 cc syringe (be sure the plunger is all the way down on this one). If there is 
no air present in the tube then you are ready. If there is air present in the syringes you must take out the 
syringe and push the air out then reassemble. 
 
Activity (to be filled in in your engineer’s notebooks): 

1. Sketch the apparatus in your engineer’s notebook along with the title and date of the activity. 
 

2. Using the hydrostatic fluid in the two syringes, have a thumb war with your partner. Which syringe 
wins the war, 12cc or 30 cc? Explain in complete sentences in your engineer’s notebook why this 
occurs. 

 
3. Measure the diameter of the 12 cc syringe _________ in. 
 

4. Measure the diameter of the 30 cc syringe _________ in. 
 

5. Calculate the area of the 12 cc syringe. Show your work including the table below in your engineer’s 
notebook. Units will be checked. 

 

Formula Substitute with units Final Answer 

 
 
 
 

  

 
 



6. Calculate the area of the 30 cc syringe. Show your work including the table below in your engineer’s 
notebook. Units will be checked. 
 

Formula Substitute with units Final Answer 

 
 
 
 

  

 
 

7. Determine the effort force needed to lift a 1000 gram mass using the areas calculated above. You will 
first need to convert 1000 grams to pounds. Follow these steps in your notebooks: 

a. First convert 1000 grams to kilograms 
b. Then multiply kg by gravity (9.81 m/s2) to obtain Newtons. (Fg=mg) 
c. Then convert Newtons to pounds knowing 1N=0.225 lb. 
d. Now that you have the resistance force in lbs, determine the ideal effort force needed to lift the 

1000 gram mass. Show your work including the table below in your engineer’s notebook. Units 
will be checked. 

Formula Substitute with units Final Answer 

 
 
 
 

  

 
8. Calculate the Ideal Mechanical Advantage using the calculated forces of the output and input. Show 

your work including the table below in your engineer’s notebook. Units will be checked. 

Formula Substitute with units Final Answer 

 
 
 
 

  

 
9. Set up two desks in which you can suspend the syringes and tubing while the tops of the syringes are 

exposed at the top of the desk. 
10. Glue foam board to the tops of your syringes if it is not already done. 

 
 

11. Begin with the 12 cc piston filled with fluid. Begin adding masses 100 g at a time until the piston begins 
to move and record this mass. __________________ grams. 

 
This is the mass necessary to overcome friction, air pockets, etc. This will be subtracted from your input 

mass. 
 

12. Place 1000 grams on the output syringe (30 cc syringe). Now begin adding masses to the input syringe 
until the system begins to move and the output weight is being lifted. 

 
 
 



Output mass = 1000 grams 
 
Input mass = _________ grams - ________ grams (mass to overcome friction from #12) = __________ grams 
 

13. Follow the steps outlined below to determine your input mass in pounds.  
a. First convert 1000 grams to kilograms 
b. Then multiply kg by gravity (9.81 m/s2) to obtain Newtons. (Fg=mg) 
c. Then convert Newtons to pounds knowing 1N=0.225 lb. 

 

Formula Substitute with units Final Answer 

 
 
 
 

  

 
14. Calculate the Actual mechanical advantage of the system. Show your work including the table below in 

your engineer’s notebook. Units will be checked. 
 

Formula Substitute with units Final Answer 

 
 
 
 

  

 
 
 

15. Calculate the Efficiency of your hydraulic press: Show your work including the table below in your 
engineer’s notebook. Units will be checked. 

Formula Substitute with units Final Answer 

 
 
 
 

  

 
 

16. Discuss the results of your efficiency: 

 

17. Why might someone design a system that transferred force from a large cylinder to a smaller cylinder 
knowing that force would be decreased? 

 
18.  How does increasing the diameter of a piston in a cylinder affect force? 

 
19. To be determined by your teacher: If time and materials are available, repeat this activity with mineral 

oil to see if there is a difference in what you observe. Explain the difference and why do you think this 
occurs? 

 



Name ________________________________         Date ________________ 
Assessment 1 

Flow Rate and Hydraulics 
1. A garden hose fills a bucket with 600 in3 volume of water in 500 seconds. Determine the flow rate 

in gallons per minute (gpm) 
 
 
 
 
 
 
 
 

2. What area must a hose be with a flow rate of 30 gpm in order for the water to leave the hose with 
a velocity of 1300 in/min? 

 
 
 
 
 
 
 
 
 
 

3. A fluid leaves the opening of a valve travelling 30 feet in 1.2 minutes. If the diameter of the circular 
opening is 0.8 inches,  

a. Determine the flow velocity of the fluid. 
 
 
 
 
 
 

b. Determine the area of the opening. 
 
 
 
 
 
 

c. Determine the flow rate 
 
 
 
 
 
 
 
 
 



4. Refer to the following diagram shown below. If F1 is 20 lbs of effort, supplied at piston A1 that has 
a diameter of 8 inches, determine the weight that can be lifted, F2, at piston A2 that has a diameter 
of 30 inches. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

5. Refer to the problem above. Determine the mechanical advantage of the system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. If the mechanical advantage of a hydraulic press is 6, the input force F1 is 25 lbs, and the diameter 
of A1 is 3 inches, determine the diameter of A2 at the output. 

 
 
 
 
 
 
 



Name ________________________          Date ______________ 
Practice 3 

Pneumatics 
You must show all work to receive credit and your final answer must be circled with correct units! 
 

1. A cylinder is filled with 60. in.3 of air at a pressure of 80. psi. The cylinder is compressed to 15. in.3.  
a. What is the initial absolute pressure? 

 
 
 
 

b. What is the resulting absolute pressure? 
 
 
 
 

c. What is the resulting gauge pressure? 
 
 
 
 

2. A container is filled with 60 in.3 of air and is sitting in ice water that is 30°F. The container is 
removed from the icy water and is heated to 180.°F.  

a. What is the initial temperature in Rankine? 
 
 
 
 

b. What is the final temperature in Rankine? 
 
 
 
 

c. What is the resulting volume? 
 
 
 
 

3. A 250. in.3 sealed air tank is sitting outside in the sun. In the morning the temperature inside the 
tank is 21°C, and the pressure gauge reads 140. lb/in.2. By afternoon the temperature inside the 
tank is expected to be close to 35.°C.  

a. What is the initial temperature in Rankine? 
 
 
 
 
 
 
 
 
 



b. What is the final temperature in Rankine? 
 
 
 
 
 
 
 
 
 

c. What is the initial absolute pressure? 
 
 
 
 

d. What will the final absolute pressure be? 
 
 
 
 
 

e. What will the final gauge pressure read? 
 

 



Name ________________________ 

Understanding the basics of Fluid Power Systems 

 

Objective: To become familiar with the anatomy of a fluid power machine and how it works. You will build a basic 

pneumatic system for this purpose. Your machine must use an actuator to perform some type of task such as stopping a 

spinning tire or lifting another object, etc.  

Vocabulary: 

Reservoir  
 

Fluid Conductor  
 

Pump/Compressor  
 

Valve  
 

Actuator  
 

 

Materials: 

 Engineers Notebook Fischertechnik parts: 

o hand valve 

o Extra tubing other than shown in the diagram below 

o Piston.  



o Plus the following fischertechnik parts shown in the image below:

 

Procedure: 

 Follow the basic instructions for you to build the pneumatic compressor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 Use extra tubing and a hand valve where the diagram says “compressed air out to model” in the diagram.   

 You must understand the inside anatomy of the hand valve in order to understand where the direction of the air 

will be directed: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keep in mind: The middle connection P is for the compressed air coming from the compressed air 

reservoir. The left or right fitting (A or B) guides the compressed air to connection A or connection B 

on the cylinder. The connection marked R on the bottom of the valve serves to release the air or 

“relieve” the air pressure. This allows the air returning from the cylinder to escape. 

When the switch on the manual valve is set to the center position, the connections are closed and 

air cannot flow in any direction. When the switch is set left or right, the air may flow out of either 

port A or B. 



 Your will need to have one tube coming from the compressor to the hand valve. Then two tubes from the hand 

valve going to the two separate ports on the piston. The rod in the piston is our “actuator”. You may fit other 

parts on the end of this to work more efficiently. 

 

 

 

 

 

 

 Use a separate motor to run a spinning tire at the end where the actuator is positioned. 

 The task will be for your actuator to perform some sort of task. 

6 Step Design Process: To be done in your engineer’s notebook: 

 Step 1: Define the Problem: Here you state the objective of your project and list out constraints. 

 Step 2: Generate Concepts: Here you list out your research idea. Since this is an introductory project your 

design is in the how you will attach your spinning tire. This may be a sketch or an explanation. 

 Step 3: Develop a Solution: Here you develop a design proposal and include annotated final design drawing. 

This is the solution that you and your group agreed upon. Annotations must be complete and explains how 

the machine works. You may annotate the diagram or include an ordered paragraph below the drawing that 

refers to numbers labeled in the diagram. 

 Step 4: Construct and Test a Prototype: Go ahead and build 

 Step 5: Evaluate the Solution: If something is not working, fix it! Be sure to explain what you changed in 

your notebooks! 

 Step 6: Present the Solution:  Here you will create a final drawing of your project with annotations on how it 

works.  Annotations must be complete and explains how the machine works. You may annotate the diagram 

or include an ordered paragraph below the drawing that refers to numbers labeled in the diagram. You must 

also draw clearly and label the vocabulary terms that were defined above in the beginning of the project.  

These must be highlighted in a different color or highlighter so they are easy to find. Also include a picture of 

your project. 

 Conclusion Questions: Answer in complete sentences in your notebook 

o Read over “A Brief History” in the beginning of the project.  

 Why did the water have to be heated in order to move the doors? 

 Study the diagram and tell me how the water tank moved the doors. 

o Explain what makes this project “pneumatic” and not “hydraulic”. 

o Explain the role of the actuator in this project. 

o Look at the diagram of the following piston. Explain what the piston does (retract or eject) and why 

when air goes into port A. Use the drawing of the piston in your notebook to explain further. 

o Look at the diagram of the following piston. Explain what the piston does (retract or eject) and why 

when air goes into port B. Use the drawing of the piston in your notebook to explain further. 

 

 

 

Building 

Steps: 

A 
    B 



Rubric: 

 2 4 6 

Step 1-2 in engineer’s 
notebook 

There is too much 
information missing from 

Step 1-2 

Step 1-2 is in the engineer’s 
notebook but it is unclear 

which step is which  
OR  

There is some information 
missing. 

Step 1-2 is clearly outlined 
in the engineer’s notebook. 

Step 3 Design Proposal Your sketch is unclear 
and/or annotations unclear 

and hard to follow. 

Your sketch is somewhat 
unclear and/or annotations 
unclear and hard to follow. 

Your sketch is clear to 
understand and is correctly 
annotated and explained. 

Step 4-5 Building Steps 
 
(ALL RUBRIC POINTS X2) 
 
-2 in this category if you 
could have been a better 
asset to your group. You 
were told to get back to 
work a few times. 
 
-4 in this category if you 
were not a good asset to 
your group overall. You 
were told very frequently to 
get back on task from 
whatever it is that you were 
doing. 
 
-6 in this category if you did 
not participate in the 
building at all. Good group 
members find a role in 
every group. You did not 
find yours. 

 
 
 
 
 

Your design has many 
glitches and does not work 

properly or efficiently. 
 

4 POINTS 

 
 
 
 
 

You created a design with 
some glitches that were not 

addressed. 
 

8 POINTS 

 
 
 
 
 

You created a working 
design within the 

parameters given and all 
components work the way 

they were intended. 
 

12 POINTS 

Step 6: Communication Your final sketch and 
picture is lacking in 

annotations AND does not 
explain changes. 

Your final sketch and 
picture is not thorough and 
could have been explained 

better.  
 

Your final sketch and 
picture has thorough 

explanations. 

Conclusion Too much of your 
conclusion is incomplete. 

Conclusion is somewhat 
incomplete. 

Conclusion is complete and 
all questions are answered. 
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