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CHAPTER I 

INTRODUCTION  
 The following Thesis contains two distinct parts. The two studies were done 

because of an interest in them and were combined together because each study is short. 

The first part is an investigation results of student performances to assess the 

effectiveness of traditional labs as compared to inquiry-based labs in the understanding of 

physics concepts and problem solving skills. We compare the results of student 

performances in Algebra based, Calculus based and Inquiry based physics. This study 

was part of a large scale investigation done at Texas Tech University Physics Department 

in order to understand the difficulties that students face in understanding physics. 

 

 The second part is a carriculum development which discusses the development of 

the laboratory part of a Bio-physics course for non-science majors with biological and 

health science applications. The class was to be offered Spring of 2009 to incoming 

freshmen and non-science major students with interest in the health science field. The 

class did not make due to the size of students enrolled in it. 
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CHAPTER II 

LABORATORY INVESTIGATION ASSESSMENT 

ABSTRACT 

Over the span of two semesters, an assessment was done in the algebra, calculus, and 

inquiry-based physics laboratories to assess the effectiveness of traditional labs as 

compared to inquiry-based labs in the understanding of physics concepts and problem 

solving skills. I discuss the results of student performance in our traditional labs 

compared to our inquiry-based labs based on the results of pre- and post-testing. There is 

a noticeable difference in the post-test results in student performance in traditional labs as 

compared to the inquiry-based labs. Our findings show that while the pre-instruction 

results were the same for the traditional and inquiry based labs, the students in the 

inquiry-based labs outperformed the students taught traditionally on the post-test.   

 

Results indicated that the inquiry group showed significant gains in their understanding 

of the physics principles studied over the traditional group. I also report the results and 

general methods used to evaluate students' understanding of electric circuits and 

interpretation of circuit diagrams for our traditional calculus-based and algebra-based 

classes. This study also provides results on the difficulties that students encountered in 

electricity and the most common incorrect conceptions of these problems while 

examining the effectiveness of traditional instruction as compared to nontraditional 

physics labs  
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INTRODUCTION 

Over the last few decades, physicists have redesigned or developed new curricula and 

used instructional methods more consistent with the results of research on teaching and 

learning. As a result, Physics Education Research (PER) has led to the development of a 

large number of innovative instructional approaches to address student difficulties with 

traditional instruction [3]. Although many new instructional techniques and curricula 

have been developed, the most common teaching method is still the traditional lecture 

and laboratory. The traditional methods, however, do not address the many difficulties 

that students face. Traditional teaching involves teacher-centered instruction, single sense 

stimulation, single path progression, single media information delivered, passive 

learning, and factual, knowledge-based instruction [12].  

 

 In addition to that, in about 1980, research began to show that the traditional class leaves 

most students confused about the basic concepts of mechanics [3].  Some instructors have 

moved to a more research-based style of teaching, inquiry-based learning.  The need for 

changes in instruction stems from new research on student learning and technology, as 

well as changes in the overall goals of physics instructors. The changes are deemed 

necessary because there is considerable evidence that traditional approaches are 

ineffective in teaching physics concepts [5].  As research suggests, the need to move 

away from this type of instruction to a more minds-on type of instruction is important [9]. 

The lecture format of most courses, especially in the sciences, is not effective with most 

learners [11]. The National Research Council [11] suggests that inquiry-based learning is 

central to learning science. When courses engage in inquiry-based learning students are 
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able to describe objects and events, are encouraged to ask questions, construct 

explanations based on hands-on investigations, test those explanations against scientific 

knowledge, and communicate their ideas to not only their teacher but to their peers. The 

basis of this methodology is that students are able to identify the assumptions they have 

with respect to a problem, use critical and logical thinking skills to address the issue and 

to consider alternative explanations that follow a logical, scientific way of thinking [13]. 

In thinking this way, students actively develop their understanding of the logic that goes 

into science. The inquiry-based labs are student centered [5]. The majority of 

introductory physics courses at Texas Tech University were taught using traditional labs 

until Spring 2009 for the algebra-based courses, Fall 2009 for calculus-based mechanics 

and Fall of 2010 for the calculus-based electricity and magnetism (E&M) courses. At the 

time of this study, the general algebra-based classes had research-based labs and the 

calculus-based classes had traditional labs. We examine student performances and 

difficulties in inquiry-based, research-based and traditional labs, and then compare the 

differences in student learning between the two different labs.  

The Student Population 

The Texas Tech University (TTU) Physics Department offers courses to incoming and 

current students with a very broad range of incoming physics and mathematics 

knowledge and skill levels.  

 

The first population is the calculus based physics with most students (83%) in the field of 

engineering. It has about 65% male and 35% female. At the time of study, the calculus-

based courses employed the use of traditional methods in the laboratory students are 
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considered to have a strong mathematical background a. These nd must have taken 

calculus to enroll. The chart below shows the break-down of the student population who 

took calculus-based physics from Fall 2009 though Spring 2010.  

 

Figure 2.1 The calculus based physics student population from 2009-2010 is 

dominated by a great presence of Engineering students (83%). 

 
The second population is the algebra-based physics population. This population has about 

50% male and 50% female. This group has different goals and needs than the group of 

students taking calculus-based physics. They are predominantly Biology and Health 

Science majors (often planning careers in medicine, pharmacy, dentistry, physical 

therapy, chiropractic, etc.).  The population distribution is shown in Fig. 2.2 There is 

often a much wider range of incoming mathematical skills among these students, from 

poor mathematics to those who have taken calculus.  They are often highly motivated and 

will work very hard to satisfy the requirements of their career paths.  
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The TTU physics department also offers an inquiry-based section of the algebra-based 

course. It is a completely laboratory-based course, taught with hands-on methods and 

interactive-engagement. There is no text. The students' materials, available online, on the 

computers in the lab, and in written form, are used as the bases for instruction. The 

students work in groups and work through experimentation. They then use those models 

to predict other outcomes and solve problems. We compare the students taught in this 

course to those taught traditionally. 

 

Figure 2.2 Algebra based physics student breakdown by majors. The majority of the 

students who take Algebra based physics courses are Biology and Health science 

students 
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STUDENT'S CONCEPTUAL UNDERSTANDING OF ELECTRICITY 
CONCEPTS 

The ideas that many students hold about the natural world affect their learning of physics. 

Each student, based on his or her own experiences, brings to the physics class a set of 

attitudes, beliefs, and assumptions about what sorts of things they will learn, what skills 

will be required, and what they will be expected to do [3]. Students’ patterns of response 

to questions about circuit phenomena before instruction often are in conflict with those 

accepted by the physics community [1]. These are called pre-conceptions. The goal of 

instruction is to move students from their incorrect pre-conception to the conceptions 

used by scientists. It is important for instructors to understand the student pre-conceptions 

in order to help them modify their cognitive structure. It is often found through research 

that many pre-conceptions are common among large populations of physics students. We 

evaluate the pre-conceptions that students have towards certain physics concepts prior to 

instruction and evaluate them later to see if the students still hold onto the same pre-

conception or if it has changed. To evaluate if there has been a change in post instruction, 

we evaluate students in both pre and post-instruction. If students hold on to the same 

conception prior to and after instruction, then the instruction has not been effective at 

changing that conception. Our evaluation compares the effectiveness of instruction in 

traditionally-based labs to that of an inquiry-based, laboratory-based course, to see which 

one changes the most after instruction. Curriculum, instruction, and assessment can be 

significantly improved when instructors are aware of the developmental considerations 

and the research findings on commonly held alternative conceptions. 
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INSTRUMENTATIONS AND TECHNIQUES 

Assessment tools serve many functions besides measures and comparisons of student 

learning. Widespread use of test instruments such as the Force Concept Inventory (FCI),  

 

Determining and Interpreting Resistive Electric Circuit Concepts Test (DIRECT), Test of 

Understanding Graphs in Kinematics (TUG-K), Brief Electricity and Magnetism 

Assessment (BEMA) and many others have brought a new way of evaluating students’ 

conceptual understanding. A lot of instruments are available to measure student 

understanding of various physics concepts from mechanics to thermodynamics to 

Electricity and Magnetism, Quantum Mechanics, Modern Physics and more. Our study 

contains items that are common to all courses assessed, including electrostatics, DC 

circuits, magneto-statics, and Faraday's Law.   

METHODS OF INVESTIGATION AND RESULTS 

A total number of 189 students participated in our study (N=23 inquiry labs, N=88 for 

calculus based 2401 labs  and N= 78 for algebra-based 1404 labs).  Students in the 

electricity and magnetism courses were asked to complete quizzes before and after 

instruction, . Only students who completed both the pre and post-quiz were used in the 

present study.  

 

Our study uses a number of methods to probe student understanding of electric circuits 

including, multiple-choice questions which must be supported by calculations or 

explanations and open ended questions. Two quizzes were given to students. The first 

quiz was given to students prior to instruction, the second was given to students after 
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instruction. The quizzes had diagrams of circuit elements in which the students were 

asked to examine their behavior. Students’ recognition of what these diagrams represent 

is an important aspect of their understanding of concepts in circuits. The quizzes 

comprised of multiple choice answer questions which the students were required to 

support with explanations or calculations. The quizzes covered the concepts of a 

complete circuit, current, voltage and resistance in circuits, Kirchoff’s Laws and Ohm’s 

Law. One question assessed the students’ ability to connect ammeters and voltmeters to 

make measurements..  

 

In this quiz, we compare the results of calculus based (traditional labs), inquiry-based 

algebra based, and regular algebra-based (research-based labs) laboratory classes. 

Students were given two circuit diagrams to analyze. One diagram has two resistors A 

and B connected in series and another diagram adds a resistor C in parallel to resistor B 

of the first diagram as shown below in Figure 2.3. 
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                          Fig. 4.1a.                                                     Fig. 4.1b 

Figure 2.3 a) A set up of a circuit that includes a battery with resistors A and B 

connected in series.  b) A battery with resistor A is attached to resistors B and C, 

which are connected in parallel. 

Comparison of Resistance in Series and Parallel Circuit 

 
Students were asked to analyze the two circuit diagrams and respond in a multiple choice 

form to the question of whether the total resistance of the circuit increases, decreases or 

remains the same (in comparison of figure 2.3A to figure 2.3B). Once students have 

selected their answers, they are required to explain their reasoning in a provided space. 

 

Physicists use schematic diagrams to represent circuit elements and examine their 

behavior. Students’ recognition of what these diagrams represent is an important aspect 

of their understanding of circuits [1]. The pretest, which was given before instruction, 

indicated that most students did not have a correct understanding of the physics concepts 

before instruction in both the regular algebra-based and calculus based classes. The 



Texas Tech University, Vanalet Rusuriye, December 2012 

11 

students in the inquiry-based class did not have an identical pre-test, so we present only 

the post-test results for that class. During the pretest, the most common incorrect 

conception was that "adding another resistor increases the resistance because it has 

another resistor to go through". Adding another resistor does not increase the resistance 

in this case, because the resistor is added in parallel. Students did not take into account 

how the resistors were connected, in series or parallel. A correct solution is given in 

Appendix A. 

 

The graph below shows that the majority of the students had an incorrect answer on the 

pretest. Also, twenty to thirty percent of the students chose the correct answer, but could 

not correctly explain their reasoning. This meant that most students in both the regular 

algebra-based and the calculus-based classes had preconceptions different from the 

accepted answer. The following is a graph of the results. 
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Figure 2.4 Comparison of Inquiry-based, research-based and traditional lab results. 

The pre-test scores were very similar across classes. The laboratory course (inquiry 

based) had a higher percentage of correct answers on the post-test. The Traditional 

course of engineering students scored lower on the post-test than either of the 

algebra-based courses. 

 

The post-test showed better results in all classes. However, the traditionally taught 

calculus-based classes showed very little improvement, compared to the algebra-based 

classes.  
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Although all courses show a gain from pre to post instruction, the inquiry-based labs and 

research-based labs had much better post-test results than the traditionally taught labs. 

Even though an increased number of students chose the correct answer, there were still 

students who chose the correct answer, but could not correctly explain their reasoning. 

The inquiry-based labs students had the highest percentage of students answering 

correctly and giving the correct explanation compared to both the research-based and 

traditional based labs. We noted that the calculus based physics students were more likely 

used a quantitative approach, while the algebra-based students were more likely to use a 

more qualitative approach. Both qualitative and quantitative answers are acceptable (see 

rubric and Solutions appendix A) 

Comparison of Current in Series and Parallel Circuit 

 Using the same diagrams (figure 2.3A and 2.3B), students are asked whether 

going from Figure 2.3A to figure 2.3B will increase, decrease or keep the current the 

same, given the same battery.  Again students are required to check the appropriate box 

in a multiple-choice form and then explain their reasoning. 

 

In the pre-test, common incorrect student responses were that the current is not affected 

by the connection (series or parallel) or that adding another resistor increases resistance, 

decreasing the current. Examples of common student responses are: "Current remains the 

same and is not dependent on the number of resistors" and "current remains the same 

because B and C are parallel and it will not affect the magnitude of current". Below is the 

graph distribution of student responses. 
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Figure 2.5  Traditional, research-based and inquiry-based student comparison of 

pre and post test results. Students determine if adding a resistor in parallel to an 

already existing series circuit (Fig. 2.3) will increase, decrease or not affect the 

current of the circuit 

 

In the post-test, the incorrect answers were similar to the incorrect answers on the pre-

test. Many students still stated that the resistance increases by adding another resistor and 

thus the current has to decrease. So, when they used Ohm’s Law, V = IR, with the battery 

voltage and the total resistance, they incorrectly stated that the current would decrease for 

constant voltage.  

 (See Appendix A for detailed solutions).  
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A comparison between pre and post-test shows better results in the post test than the pre-

test, however the inquiry based and research-based labs again show much more gain than 

the traditionally taught labs.  

Ranking Magnitude of Current Through Resistors in a Parallel Circuit 

 
Based on the Figure 2.3B diagram, students were asked to rank the magnitude of the 

current through the resistors given that resistor A is greater than resistor B which is 

greater than resistor C (RA>RB>RC). 

 

This part of the test was taken by students in the algebra-based  class only. It was not 

offered to the calculus-based physics students. During the pretest, a great number of 

students incorrectly ranked the current as IC>IB>IA by incorrectly applying Ohm's law. 

They made the argument that the higher the resistance, the lower the current, completely 

ignoring the voltage across the resistors. Common incorrect responses included: " The 

resistor with the greatest resistance will have the lower current" and "The closest a 

resistor is to the battery the more current flowing through it".  

 

Even after instruction, the majority of students in all classes did not correctly rank the 

magnitude of the currents. The most common ranking in all classes was A>B=C. An 

example of the most common explanation was because  " all current goes through A and 

equal at the node where B and C split up because B and C are parallel". A correct answer 

is that the current is the highest through A, since all current passes through A, but the 
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current splits at the node and more current passes through lower resistance. Students need 

to consider that the voltage across B and C is the same, but the current is different 

because the resistances are different. When the current splits at the node before B and C, 

more current will travel through the least resistant path. Thus, Resistor C has the next 

highest current passing through it because its resistance is smaller than resistor B.  (See 

rubric and solutions Appendix A).  The results are shown below in graph 2.6. 

 

 

Figure 2.6 1404 students rank the magnitude of the current through resistors in a 

series, parallel circuit. 

 

After instruction, about 18% of the students were able to correctly rank the magnitude of 

the current in resistor of the given figure. The post test also shows that majority of 

students still held the same conception that was evident in the pre-test. 
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Voltmeter and Ammeter Connections 

Using the same diagram of illustration (Figure 2.3A and 2.3B), students are asked how a 

voltmeter and an ammeter could be added to the circuit in order to properly measure the 

voltage and current through resistor B. Students were then asked to draw the proper 

connections in the diagram as well as provide an explanation as to why the connections 

drawn were correct. 

 

Properly connecting an ammeter and a voltmeter is an important part of laboratory work. 

In the pre-test, many students were unable to draw proper voltmeter and ammeter 

connections. Most of the explanations were statements about how to hook up the meters, 

as opposed to reasons why the meters should be hooked up that way. Students would 

simply state: " Hook a lead to either side of the bulb and take a reading" or " Ammeter 

connected to wire just before resistor because it measures the current through R. 

Voltmeter connected with the + wire towards + battery terminal - wire towards the - 

terminal to measure the voltage across resistor". Below is the summary of student results 

on ammeter and voltmeter connections.  
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Figure 2.7 Traditional and inquiry based physics labs student comparisons of 

ammeter and voltmeter connections. Students connect ammeters and voltmeter in a 

series circuit 

 
In the post-test, more students could correctly connect an ammeter and a voltmeter after 

instruction, although most could not discuss why they should be connected in the way 

they had drawn.. We were hoping that the students would recognize that an ammeter has 

low resistance and must be connected in series, in order to not significantly change the 

circuit and that a voltmeter with high resistance connected in parallel would not 

significantly exchange the circuit. However, very few students did this. (See Rubric and 

Solutions in Appendix A for more details) 
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INVESTIGATION OF ELECTRIC FIELD 

The second part of this study focuses on investigating the concept of electric field. This 

section was done only by the calculus-based physics students (N=96) in the semester 

under study. Students were asked to consider two parallel charged conducting plates, as 

in the diagram below (Figure 2.8). The top plate has a net negative charge and the bottom 

plate has a net positive charge of the same magnitude. The points A, B, C and D represent 

points in space (not charges) 

 

 

 
  
Figure 2.8 Points in space A,B,C are put in two parallel charged conducting plates. 

Point D is placed just outside the conducting plate. 

Ranking E-field of points 

Students were asked to rank the magnitude of the electric field at each point. They were 

then asked to provide an explanation for their answer. There were many different 

rankings, however, more than 75% of the incorrect rankings fell into the following 5 

categories; A>B=D>C, A>C>B>D, A>B>D>C, A>B>C>D and B>D>C>A as shown 

below on the graph.  These students were ranking either by the proximity to one of the 
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(usually the positive) plates, the closer to the plate being the strongest field, or by the 

stronger field being in the middle and the strength decreasing, as you move away from 

the middle. So the most common answers were that the electric field was stronger 

towards the positive plate, stronger towards the negative plate, stronger towards the 

middle or stronger equally near the plates and weak in the middle. A few examples that 

students gave as reasons are: 1)  "The distance from plates has a direct result of the 

magnitude of the fields on the points. The closer to the bottom the plate the higher the 

field. The closer to the top the plate, the closer it is to zero"  2) "The closer you are to the 

+ conducting plate, the higher the magnitude of the E field. Points B& D would be 

similar since they are about equal in distance from the + plate". Something to note is that 

great number of students explained that B=D because the two points lie on the same 

horizontal plate. These students did not take into account that D is outside the plates. 

Overall, no student was able to correctly rank all four points correctly.  The graph below 

shows the distribution of the most common student rankings.  
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Figure 2.9 Students in traditionally based labs rank and explain about the 

magnitude of the electric field at each point A, B, C, and D. 

 
The correct answer is one that recognizes that a uniform electric field exists inside the 

/plates. Point D lies outside the plates, in the “fringe field”, where the field lines are 

further apart and the field is weaker.  A=B=C>D (See rubric and Solutions in Appendix 

B for more details) 

Determining E-Field of a point 

The second part of the question asks students how they would experimentally determine 

the electric field at point A. The students had done this experiment in lab the week 

before, so the problem is an assessment of their understanding of the lab they had 

completed. It requires an understanding of the measurement skills they learned in lab, as 

well as the application of the results of the measurement in order to determine the 

magnitude and direction of the electric field.  
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Most of the incorrect answers were incomplete. Examples of such answers are: " put one 

electrode on the negative (or positive) plate and the other electrode on A"  and nothing 

else.  

 

 

Figure 2.10 Students in algebra based physics class explain how they would 

experimentally determine the electric field at point A as shown in figure 2.8. 

 
Many students did not know the relationship between the electric field and the change in 

potential.  Some tried to use Coulomb’s Law to find the magnitude of the field.  

Magnitude of E-field multiple choice 

In the third part of the question, the students are asked to choose the correct answer for 

the relationship between the magnitude of E and ΔV/d, if the electric field at point A has 

a magnitude E, the potential difference between points A and B is ΔV, and the distance 
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between points A and B is d (as indicated above in figure 5.3). The answer options are:  

E>ΔV/d, E=ΔV/d and E<ΔV/d. And students are required to explain their reasoning. 

The results of student performance on this question is given in the figure below. 

 

 
 
Figure 2.11 Determining  if electric field between points A and B is less than, equal 

to or greater than the potential difference divided by distance d (distance between 

them) 

 
About 2/3 of the students incorrectly used the equation E=-ΔV/Δx with Δx = d, the 

distance between the two points, instead of the distance between the points in the 

direction of the electric field (the distance between equipotential lines). The most 

common explanation was to write something like "by definition E=V/d is the physics 

principle that governs electric fields" and then incorrectly choose (ii) E = V/d as the 

solution. In spite of having done the lab, the students failed to realize that the distance 

applied was not the distance shown in the diagram, but the distance between equipotential 
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lines. The majority of the students who chose the correct answer failed to correctly 

explain their reasoning (see Grading Rubric and Solutions Appendix B for more details). 

The high percentage of students able to choose the correct answer, but not correctly 

explain it, was seen in many of the problems. Because of this, we have been carrying out 

a further study on the efficacy of multiple choice. It will be addressed in further papers. 

RESULTS AND CONCLUSION 

Overall this study indicates that a laboratory-based, inquiry-based algebra-based course, 

designed, for a specific population based on research is more successful at increasing 

students understanding in the concepts assessed than the general algebra-based course 

with research-based labs and the traditional course. However, we also conclude that the 

research-based labs are more successful at increasing students understanding than the 

traditional labs. Students in the inquiry-based laboratories consistently outperformed the 

traditional students on all of the post-tests, suggesting that traditional instruction is not 

effective for many students in the introductory physics course. Research-based curricula 

can be developed to improve student learning by helping students change their common 

sense conceptual beliefs through active engagement. During the study we were able to 

determine the some of the difficulties that students had and some common incorrect 

conceptions that students hold. This study can be used as the basis for further  
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APPENDIX A: ANALYSIS OF THE CIRCUIT DIAGRAMS QUESTIONS 

Questions 

Consider the circuit shown in the diagram (4.1a) below with two resistors in series. A 
third resistor is added in parallel to resistor B, as in diagram (4.1b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       Fig 4.1a.                                    Figure 4.1b 
Figure 4.1: a) A set  up of a circuit that includes a battery with resistors A, and B 
connected in series.  b) A battery with resistor A is attached to resistors B and C which 
are connected in parallel. 
 
a.  Does the total resistance of the circuit increase, decrease or remain the same.                               
----------Increase       -------------Decrease     ----------- Same 
 
b.  Does the current in the battery increase, decrease, or remain the same?                                         
----------Increase       -------------Decrease     ----------- Same 
 
c.  Based on diagram provided, rank the magnitude of the current in the fig 1b. given that 
RA>RB>RC    
 
d.  How could a voltmeter and an ammeter be added to the circuit in order to properly  
measure the voltage and current through resistor B? Draw the proper connections in the 
diagram. Explain why the connections you drew are correct.  
 

Solutions 

a.  The resistance will decrease. 
A possible solution is:  
Assume all resistors present have resistance R. The total resistance of B and C in parallel 
is 

2
11 R
RR

RBC =+=  
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 RBC<RB  
BCAtot RRR +=′  

BAtot RRR +=
 Therefore  

 
A qualitative solution is to discuss that  
when a resistor is added in parallel, the resistance decreases so RBC<RB  
 
b. The second part of the question requires the use the relationship between resistance 
and current.  Ohm’s Law,  V=IR, can be used with the battery voltage and the total 
resistance. Given the same battery voltage, the current and resistance are inverses of each 
other. When resistance decreases, the current increases and vice versa. 
 
c.  All current goes through A, and then splits at a node. The higher current goes through 
lower resistance. Since resistors RB> RC, C has the next highest current after A, followed 
by B. The magnitude of the currents ranks as IA>IC>IB.   
 
d.   An ammeter  must have a low resistance compared to the resistance of the element to 
be measured. It is connected in series with the element whose current is to be measured in 
order to have the same current through it as that element, without significantly altering 
the circuit.  
A voltmeter is connected in parallel. It must have a high resistance compared to that of 
the elements resistance to be measured in order not to significantly change the circuit. 
When connected in parallel, the voltmeter and the voltage of the element whose votage 
are to be measured are the same and the circuit is not significantly changed from the 
original circuit. .   
 

Grading Rubric 

a.  Correct Answer  
To be completely correct a student had to demonstrate qualitatively or through 
calculations that  
1) RBC<RB 
 2) BCAtot RRR +=′  and 

3) BAtot RRR +=  
So,  
 

  
 Partial Correct 
A student was awarded partial credit for an answer with the correct process, but an 
algebraic error or an explanation with an error in wording or one that lacked sufficient 
detail. For example, the statement "It will be a decrease b/c c and b are parallel and as 

tottot RR <′

tottot RR <′
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you add more circuits that are parallel, the resistance will decrease" was counted as 
partial credit.  
 
b.   Correct Answer  
To be completely correct a student had to demonstrate qualitatively or through 
calculations the correct application of Ohm's law, V=IR. 
 
Partial Correct 
Answers were counted as partially correct for the use of Ohm's law with only minor 
calculation errors or explanations with errors in wording or that lacked sufficient detail.  
 
c.   Correct Answer  
A student had to demonstrate qualitatively or through calculations that the current 
through A is higher because all current passes through it and that at the node, the current 
splits with more current passing through the resistor with lower resistance.  
 
Partial Correct 
To be counted as partially correct, a student had to choose the correct ranking with only 
calculation errors or wording that lacked sufficient detail.  

APPENDIX B: INVESTIGATION OF ELECTRIC FIELD  

Consider two parallel charged conducting plates, as in the diagram below. The top plate 
has a net negative charge and the bottom plate has a net positive charge of the same 
magnitude. The points A, B, C and D represent points in space (not charges) 
 
 

 
  
Figure 3: Points in space A,B,C are put in two parallel charged conducting plates. Point 
D is placed just outside the conducting plate. 
 
 
a. Rank the magnitude of the electric field at each point. Explain your ranking 
 
 
b.  How would you experimentally determine the electric field at point A? Explain 
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c.  If the electric field at point A has a magnitude E, the potential difference between 
points A and B is dV and the distance between points A and B is d (as indicated in the 
diagram), which of the following statements is true? Circle your choice and explain your 
reasoning 
 
E>ΔV/d 
E=ΔV/d 
E<ΔV/d 
 

Solutions 

a.  Since the electric field is uniform inside the plates, the magnitude ranks as A=B=C>D, 
since the field lines are parallel to each other and of uniform density between the plates, 
directed from the positive to the negative plate. D has a weaker electric field because it 
lies outside the plates where the field lines are less dense.  
 
b. Experimentally, one would use a voltmeter to find the potential difference between two 
points on either side of point A in the direction of the electric field. The points could be 
chosen as plate to plate or from a plate to point A or as two points very close to point A 
on either side of A. The distance between the two points in the direction of the electric 
field should be measured. The magnitude of the field is found by dividing the potential 
difference by the distance between the points in the direction of the electric field, the 
distance between equipotential lines.  
 
 
c. E>ΔV/d is the correct answer, because when measuring the electric field, one measures 
the potential difference between two points using the distance parallel to the electric field 
lines. The magnitude of the field is given by E = ΔV/Δx, where Δx = dsinθ. Since sinθ is 
less than 1, E> ΔV/d. 
 

Grading Rubric 

a. Correct Answer 
To get the answer correctly students had to rank the points as A=B=C>D and recognize 
that the electric field is uniform inside the plates and that the field lines are less dense 
outside the plates. D, lying outside the plates has a weaker field than the other three 
points.  
 
Partial Correct Answer 
There were no partially correct answers. 
 
b.  Correct Answer 
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A student had to correctly describe how to measure the potential difference between two 
points on either side of point A. They then needed to describe how to calculate the 
magnitude of the electric field by dividing the potential difference by the distance 
between the two points in the direction of the electric field, the distance between two 
equipotential lines. 
 
Partial credit Answer 
Students with a correct method, but not explicitly stating the measurement should be in 
the direction of the electric field. 
 
c. Correct Answer 
Students had to qualitatively or by calculations recognize that the distance Δx in the 
equation for the magnitude of the electric field, E=ΔV/Δx, is measured using the distance 
in the direction of the electric field, perpendicular to the plates, and that the given 
distance, d, is longer than that distance, so that E>ΔV/d. 
 
Partial Credit 
Students were awarded partial credit for the correct process with only algebraic errors. 
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CHAPER III 

CURRICULUM DEVELOPMENT 

ABSTRACT 

The Bio-Physics laboratory curriculum development discusses the development of the 

laboratory part of a Bio-physics course for non-science majors with biological and health 

science applications. This part reveals the design of an elementary Biophysics lab 

comprised of basic concepts in physics with applications in biology and the health 

sciences. It includes topics such as biological applications of motion, fluids, hearing, 

vision, bioelectricity, and the use of medical equipment. We discuss our methods of 

development including techniques and instrumentation. 

INTRODUCTION  

The past decade has seen numerous calls for curricular reform in undergraduate biology 

education, most of which focus on changes to curriculum or pedagogy [4]. The call is for 

physical sciences like physics to rethink a way to integrate the subject area content with 

the biology content in order help serve the emerging needs of Biology and Health Science 

professions. Redish, Cooke, Dobbins and Hall argue that often, neither the required 

college biology courses nor the physics courses for biology majors are designed to help 

students develop competencies that support goals of the education of Health Science 

majors [2]. The physics courses taught at the undergraduate levels do not afford students 

opportunity to apply the relevant concepts and equations to solve biological problems. 

Introductory physics classes for biology majors and pre-health-care professionals are 

often algebra-based versions of physics courses for engineers, with less mathematical 

difficulty [4].  The problem with this is that the content in these classes is geared towards 
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engineers, not biologists. Over the past decade, the US National Academy of Sciences, 

the Advancing Science Serving Society, the Howard Hughes Medical Institute, and 

Association of American Medical Colleges have called for the increased incorporation 

(integration?) of mathematics, physics, and chemistry into the undergraduate biology 

curriculum, and for a corresponding increase in the biological relevance of introductory 

science courses for biologists [1]. We have developed a course that is responsive to non-

science majors with an interest in Biophysics and students intending to have careers in 

biological or medical-related fields. Some argue that the ability to recognize and apply 

the physical principles which underlie the functioning of living systems will enable these 

students to be better health practitioners or life scientists [3] 

DESCRIPTION OF THE CURRICULUM  

During Fall of 2009, I developed the laboratories for a class designed to engage students 

in the learning and understanding of physics concepts in a biology context. The course is 

called "The Physics of Living Matter".  It is an introductory Biophysics course and 

Laboratory designed for  undergraduate non science and health science majors at Texas 

Tech University. 

 

After the development, 10 laboratories were tested and evaluated  by two physics 

graduate students (Bungkyhn Kang and Bahareh Rahmani) with the guidance of two 

professors Dr. Thacker and Dr. Park. The course is an elective class that requires minimal 

math background. 
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Course Description 

The course was developed to introduce students to a variety of basic concepts and 

principles of physics with a health science focus. In addition, students examine numerous 

health-science illustrations, such as, human interaction with forces, human examples 

related to pressure and bioelectricity. It is a three hour elective class taught by a bio-

physics professor with knowledge of both physics and biology. It is an integration of 

biology and physics concepts. Instead of emphasis on topics like forces, projectile 

motions, the course uses biology content with physics as the backbone of the subject 

matter. Topics include, among others, atomic and molecular models of matter, fluids ( 

fluids in motion and solutions),  diffusion, electrostatics in fluids, kinetic theory. The 

class is not required and serves the purpose of enhancing student experiences in career 

related fields. A lot of students have scientific curiosity and interest in science but lack 

the mathematics foundation to build on their curiosity on. Our program gives incoming 

students and current students a base on which to build their curiosity while preparing 

them with minimal mathematics for future studies health related careers, if desired.  

Laboratory Description 

The Laboratory meets once a week and is two hours long. It consists of 10 laboratories 

along with 3 instrumentation and techniques tours designed to enhance the student's 

experience. The laboratory has an emphasis on reasoning, model building, and real world 

applications. Outside of health science applications, students also have the opportunity to 

explore practical examples that demonstrate the role of physics in everyday life. The Lab 

modules are designed to implement a variety of PER based learning methods and 

techniques like stimulating scientific process by inquiry and collaborative learning. In 
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addition, the modules explore how the techniques, methods and general philosophy of the 

physical sciences can be applied to biology in everyday life. The main course and the 

laboratory class are both centralized around questions related to understanding the human 

body. The Lab modules are inquiry-based labs and use Socratic methods in which 

students learn through questioning. Developed laboratory modules cover a wide span of 

physics topics such as Mechanics, Fluids, Optics, Waves and Electricity and Magnetism. 

COURSE CONTENT  

Mechanics  

Our bodies experience the laws of mechanics in our everyday life activities.  In this 

section students get a deeper understanding of the mechanics of the human body and 

muscles. Newtonian Mechanics and Bio-Mechanics are integrated together to connect 

physics and biology. These include, for example, Human locomotion (gait), Harmonic 

Motion (swinging legs, arms, etc) where students analyze the biomechanical movement 

of arms and legs while learning about their own oscillatory motion as  analyzed using a 

motion sensor. 

 Waves 

A section of the laboratories is dedicated to mechanical vibrations and waves. We use 

sound as our first example of wave phenomenon. Students use traditional concepts of 

waves to understand the physics of hearing as well as how signals are transmitted. We 

also study ultrasound waves such as those used for body imaging. In addition the 

mechanism of sound as a pressure wave,  the basics of sound waves, amplitude, 

frequency, period. wavelength and velocity, are studied. 
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Fluid Mechanics 

Liquids and gases can be made to move by the application of pressure. This part of the 

laboratories treats fluids with emphasis on biological and medical applications. Students 

learn the concept of a buoyant force on a body immersed in a fluid, Bernoulli's Principle 

and the Circulatory System. The module starts from the concepts of density and builds to 

buoyant force and other fluid flow principles. They use Archimedes principle to measure 

specific gravity of human blood. Other topics include Pressure, Viscosity, Specific 

gravity. 

Electricity and Magnetism 

The nervous system is a complex (missing word) of biological electric circuits that 

controls the muscles among other things [5] . Our electricity and magnetism section 

includes learning circuits to investigate bio-electromagnetism concepts. Bio-electricity 

can be recorded and interpreted to yield great information about the functioning of certain 

body parts.  The most common example is the electrocardiogram which records electrical 

impulses that control the beating of the heart.  In these modules, students model electrical 

properties of cell membranes as well as signal transmission in neurons, and resistance of 

skin though the use of circuits.  the  students use EKG sensors to measure the electric 

potential of their own heart. Once they do, they then plot the data and interpret the EKG 

plot.  

Optics 

Most people consider vision to be the most important sense [5]. We use vision as one 

application of the general physics of optics. Students learn the optics of mirrors, convex 

and concave mirrors, image formation, focal length and magnification through the Model 

of the Human Eye. Using lenses, students explore the functions of an eye through an eye 

model. This gets students to explore the science of their own body, such as measuring 
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their own visual acuity, exploring how their eyes accommodate,  measuring their own 

near point,  blind spot, and  astigmatism. This method adds a human dimension  to the 

lab. Not only are students learning the physics of how light bends in different mediums 

and how light forms an image, but they are connecting the concepts with objects they use 

daily.  

 

The laboratory modules were carefully designed to go in sequence with the physics topics 

taught in the course. For example, just like the course, the laboratory modules were 

designed to start with mechanics and build concepts that lead to optics, then circuits, then  

POPULATION 

Having taught mathematics at a high school level, I have discovered that many college 

bound students are not well-prepared in mathematics. Many of these students have an 

interest in science, but do not take it because of the level of mathematics required in the 

classes. Our course is designed to be responsive to non-science majors (majority of 

incoming students) with an interest in Biophysics and as an introductory course for 

students intending to have careers in biological or medical-related fields. Statistics at our 

university (chart below) show that many students come to college as non-science or 

undecided majors. Our goal is to give students an opportunity to learn some physics 

concepts in a biological context with minimal mathematics.  
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Figure 3.1: According to Texas Tech Institution of research[6], the majority of 

incoming students are non science majors (history, English, education ect) , followed 

by biology and Health and lastly the sciences in Arts and science. The hard sciences 

(Physics, chemistry, etc) make up 4% of the 13% of the science majors. 

 
This will prepare students for the more mathematical courses students need as a 

requirement for their careers. Our course and lab expand the boundaries to serve these 

emerging needs as well as incorporate non-science majors that have an interest in science. 

We consider the broad background and levels of physics and mathematics these students 

have in order to serve them better. 
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One question to consider is: What kind of physics topics can motivate students to 

enhance their love of science at their level? Learning is enhanced if we reach out to the 

interests of the students without sacrificing the content of science (Take Physics to the 

students). Research also shows that if learning occurs in a context in which the 

knowledge will be applied, then more likely it is to be appropriately applied [3]. Students 

learn better if their learning takes place in an interesting, personally-relevant context 

which is why we chose to focus on the human body-based applications. [3] It is less 

likely that students in health related fields will measure  magnetic field of the earth's core 

in their life time, than blood pressure, visual acuity and other applicable measurements. 

The physics of blood pressure, vision, and concepts covered in our other labs are things 

that are applied in students daily lives.  

GOALS 

In designing our course materials, we took to heart the needs, motivation, interests and 

learning styles of entry level non-science and health science students. Most of these 

students have needs that are different than the engineering or physics students. Our goal 

was to develop a curriculum that addresses the needs of this population. The course is 

responsive to non-science majors with an interest in Biophysics and students intending to 

have careers in biological or medical-related fields. Since the human body is at the heart 

of the health profession our focus is to teach physics concepts in the context of human 

application. 
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FORMAT 

Objectives 

The format of the lab includes objectives to let students know the concepts they are 

expected to learn. At the beginning of each lab, we list the main concepts that students 

should understand after working through the laboratory. 

Overview 

The objectives are followed by an overview or introduction to the experiment in order to 

give a context for lab and familiarize them with some of the questions they will be 

addressing.  

 Exploration 

After an introduction, there is an exploration section that is geared towards understanding 

what students currently know about the subject before investigating. The questions 

included are geared towards pre understanding of concepts that are to be explored. For 

example, what do you think will happen if mass is reduced in this situation? This is so the 

students can acknowledge their pre understanding of the subject. Later students are asked 

whether their answers were consistent with the experiment or not. That way they learn 

how scientific hypotheses can be supported or disproved through experimentation. They 

learn to design investigations to test their predictions. They also develop their critical 

thinking skills. The exploration consists of open ended exploratory questions about the 

physics to be addressed in the lab in the context of biology. 
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Our labs are inquiry based. Students are lead through explorations and questioning to 

qualitatively explore the concepts to be studied. 

Investigation 

Once the exploration has been completed, students investigate the nature of the problem 

by performing quantitative experiments. These investigations are designed as guided 

inquiry experiments, but also allow students to design and explore their own questions.  

Applications 

The application section of the lab focuses on application of the concepts learned to 

biological situations or context. This part connects the physics in the investigation to its 

real world application, to everyday activities.    

Problem Solving  

The lab manual includes a problem solving part to help students integrate what they are 

learning in lab with the lecture. Successful problem solving is crucial to the 

understanding of physical principles [5]. Here students can go over problems they had in 

class and connect them with what they are doing in lab.  

INSTRUMENTATION AND TECHNIQUES 

Our techniques and methods employ the use of video, computers, and interactive 

activities for learning. Some of the modules involve students viewing digitized videos 

demonstrating physics concepts asking students to make predictions.. The students can 

then find out by investigating the experiment themselves and see if their answers vary 

from what they initially expected. Since the labs are geared towards health professions, 

some of the lab equipment cannot be found in a regular physics labs. Such instruments 
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such as imaging instruments (ultrasound), microscopes for investigating bio-molecules 

are often found in places like the hospital or the biology department. Since the class 

embraces many applications of biology and physics, students use some of the lab time to 

tour hospitals and see the instruments at work in the health profession. 

 

Because the cost of some of these instruments is large, students are afforded an 

opportunity to tour hospitals to see the instruments in use. There are some other 

instruments we use which need to be locally designed. For example, when studying 

sound waves, our application is the sound production, by the larynx.  Speaking, laughing 

and coughing are produced from the larynx. A model of a larynx is built using pipes that 

consists of a vocal tract, vocal folds and trachea[6]. 

 
   
Figure 3.2: The humanizes physics project 2011 [6]:  The Pipes are used to create a 

model of a larynx to produce different sounds. The opening and closing of the vocal 

folds is due to pressure differences caused by chopping up a steady airflow (inhale 

and exhale) into puff sound waves called trygergonus. The vibration in the larynx is 

what generates sound. 
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Other instruments that have to be created include creating a model of an ultra sound 

image by using a pulsar/ receiver that echoes back a signal sent at different depths of a 

cylindrical block. The lab instruments are built based on the needs of a physics 

investigation at hand, building and modifying instruments to fit our labs. The Physics for 

Biologists course is designed so that it is appropriate for non-scientists and health science 

students both in content and in skill development, to include authentic biological 

examples in which students see the use (and methods) of physics as helpful in helping 

them make sense of something important in biology. The goal of the project is to provide 

an introduction of physics to students for whom physics will be a part of their career path. 

CONCLUSION 

Our main goal is to make physics concepts widely available at an introductory level to a 

general audience, but specifically for non-science majors and health science students. 

Since the health care profession is centralized on the care of the human body, the focus of 

our project is on the human body as a motivation for learning physics. Students will 

benefit from being exposed to both biology and physics concepts as they are engaged in 

hands-on and interactive activities. The lab reinforces concepts taught in a new Bio-

Physics course that is geared toward providing a high quality physics education to 

students in all career paths with special attention to those in the medical and health 

sciences. This encompasses coursework that promotes independent and group thinking, 

critical thinking and reasoning, and the perspective of science as a process of inquiry.  

There is a need for physicists and biologists to work together to better understand the 

roadblocks to implementing a coordinated revision of our introductory biology and 
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physics courses for biology students. [1]. This lab is the beginning of the integration of 

physics and biology. 
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APPENDIX C: LAB 1:THE PHYSICS OF WALKING 

 
LAB 1: 

THE PHYSICS OF WALKING 
 
 
 
 
 
 
 
 
 
 
 
 
OBJECTIVES: 
 
 To analyze the biomechanical movement of arms and legs. 
 
 To explore and relate human movement to frequency and period.  
 
 Model a swinging human leg as a simple pendulum 

 
 OVERVIEW 
 

The mechanics of human gait involve synchronization of the skeletal, neurological and  

muscular systems of the human body. This method of locomotion involves the use of the 

two legs, alternately, to provide both support and propulsion. Everyone has a distinct gait 

or style of walk. The very seemingly normal process of walking is actually quite a 

complex one. It involves several of your body parts. They all interact and collectively 

originate your ‘style of walking’ which has a distinct way of head carriage, arm swing, 

shoulder girdle, knee action and foot movement. In today’s experiment you will use 

physics to examine and analyze human motion of legs and arms. 

 
EXPLORATION 1: THE WALK 

Discuss and try out the following questions within your lab group.  After you discuss 
each question, record a brief answer in your logbook. 
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1.    (a) Have one person in your group take a little walk in the lab room while the rest of 
you watch the person's arms as they are walking.  What kind of motion do the arms 
make? 
 
 

                (b) Try to walk and hold your arms completely still relative to your body.  What 
happens? Why does that feel unnatural? 

 
 

 (c) What do you suppose determines how fast your arms swing back and forth?  
Explain. 

 
 
2.    (a) Relax your lower leg and let it swing freely over the edge of a table.  What 
determines how fast your leg swings back and forth?   
 
 

 (b) Try swinging your leg back and forth very slowly and then very fast.  How does this 
feel compared to when you let it swing freely?  Describe how your muscles feel when 
producing these motions.  

 
 

 (c) How do you suppose the comfortable speed is related to how fast you normally 
walk?  What determines what a comfortable stride speed is for you?  

   
 
 

 INVESTIGATION 1: SWINGING YOUR ARMS AND LEGS BACK AND 

FORTH 

 
Equipments 
 Timer 
 A simple pendulum (2-3 balls) 
 3 Human skeletons (small, large, 

Medium) 

 Motion sensor 
 Strings 
 Balls of different sizes 
 Clay 

Human walking resembles a complicated pendulum. For simplicity, we will look at a 
simple pendulum.  A pendulum is a system with a body mass suspended from a fixed 
point as to swing freely (figure 1).  
 
 



Texas Tech University, Vanalet Rusuriye, December 2012 

46 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: When a pendulum is displaced from its resting equilibrium position, it is 
subject to a restoring force due to gravity that will accelerate it back toward the 
equilibrium position. 
 
Walking involves a recurring motion called “periodic” similar to a pendulum. The period 
is the length of time it takes an object to go and come back. There is one cycle in a 
repeating event in a given time. We will use the T symbol for period. 

1. Suppose you model a swinging human leg as a simple pendulum, like one on your table.  
What factors could affect the time it takes a pendulum to swing back and forth? List the 
factors  that could affect the time it takes a pendulum to swing back and forth. 
 
  

2. Explain how you would test to see if one of the factors you named affects the period. 
   
 

3.  Pick 2 or 3 of the variables you named and test them. Record your data in the table 
below along with the period. (For better accuracy your period measurements should be a 
time of 10 cycles divided by 10). 
      Table 1 

Variable 1 Period 
1  
2  
3  
4  
5  

        Table 2 
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             Table 3 
 

Variable 3 Period 
1.  
2.  
3.  
4.  
5.  

 
4. Did the period depend on any of your variables? Which variables did it depend on. 

Explain. 
   
 

5. Discuss as a class. 
   
 
 
 
 INVESTIGATION 2 FREQUENCY 

 
Frequency is the number of repetitions of a periodic process in a unit of time. We will 
measure the frequency as number of repetitions occurring in one second.  We will use the 
f symbol for frequency. 

1. Which factors affected the frequency?  
 
 

2. Have a class discussion how your results affected the frequency 
 
 

Variable 2 Period 
1.  
2.  
3.  
4.  
5.  
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NOW WE WILL DETERMINE HOW THE FREQUENCY IS RELATED TO THE 
PERIOD 

3. EXPLAIN HOW YOU THINK THE PERIOD AND THE FREQUENCIES ARE 
RELATED (HINT, UNITS) 
 
 
 

4. FOR 3 DIFFERENT PENDULUMS( TABLES 4,5 AND 6), MEASURE THE PERIOD 
AND THE FREQUENCY SIMULTANEOUSLY. DO FIVE MEASUREMENTS AND 
RECORD THE AVERAGE. RECORD YOUR VARIABLES IN THE TABLE BELOW 

       Table 4 
Pendulum1 Period (T) Frequency (f) 
1.   
2.   
3.   
4.   
5.   

     Table 5 

Pendulum 2 Period (T) Frequency (f) 
1.   
2.   
3.   
4.   
5.   

 

      Table 6 

Pendulum 3   
1.   
2.   
3.   
4.   
5.   

 
1. The mathematical relationship between period and frequency is given by 

                                    

             [eq 1] 

 
2. Is this consistent with your data? Explain how. 

 
 APPLICATION 1: FREELY-SWINGING MOTION OF SKELETON LEGS 

1T
f

=
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Record your results in the provided data table below 
Table 2 

Trials  Period Frequency Amplitude 
1.    
2.    
3.    
4.    
5.    
Average    
 
9.  Produce a velocity vs time graph. Where is the velocity the greatest and where is 
the velocity minimum. 
            (a)   Does that agree with your observations? 
 

   (b) Consider the speed of the moving leg.  Identify on the graph where in the swing the 
magnitude of the speed is a maximum and where it is zero.  Explain in words.   
 
 
SUMMARY OF FREELY SWINGING DATA: 
 SHARE YOUR DATA ON THE WHITEBOARD AND COMPLETE THE 
FOLLOWING TABLE IN YOUR LAB BOOK FOR THE SMALL, MEDIUM AND 
LARGE LOWER AND WHOLE LEGS: 

Table 4: Frequency and Period of swinging legs 
Leg Size Leg Length  

(from the pivot to  
the bottom of the heel) 

(             ) 

Period of 
Oscillation 

(          ) 

Frequency of 
Oscillation 

(           ) 

Small lower leg    
Small whole leg    

Etc.    
10. What relationship do you notice between the periods of oscillations for the 
different-sized legs?  Describe in words. 
 
12. (a) Describe the frequency of the force necessary to cause the leg to oscillate 
(beginning from rest and then oscillating in a way that overcomes any damping effects).   
 
 (b) Describe what happens when you applied high-frequency and low-
frequency forces to the stationary leg. 
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 (c) Can you relate the results of this experiment to what children do when 
they want to go high on a playground swing?  Explain your ideas. 
 
 APPLICATION 2:  STUDYING FREELY SWINGING MOTION OF OUR 
LEG 
 
1. PICK ONE PERSON IN YOUR GROUP TO BE THE SUBJECT FOR THE 
FOLLOWING ACTIVITIES.  YOU WILL STUDY THE TO-AND-FRO MOTION OF 
A FREE-SWINGING PART OF THAT PERSON'S LEG, BOTH THE LOWER LEG, 
SWINGING FREELY FROM THE KNEE, AND THE WHOLE STIFF LEG, 
SWINGING FREELY FROM THE HIP.  TO SAVE TIME, YOU WILL SIMPLY USE 
A STOPWATCH TO MEASURE THE PERIOD OF THE SWINGING LEGS. 
2. PREPARE TO STUDY THE MOTION OF THE SUBJECT'S FREELY 
SWINGING LOWER LEG WHILE HE/SHE IS SITTING ON A LAB TABLE. RELAX 
YOUR LEG MUSCLES AND HAVE A TEAM MEMBER PULL YOUR SUSPENDED 
LEG ASIDE AND LET IT SWING FREELY AND TIME ITS MOTION FOR FIVE 
COMPLETE OSCILLATIONS AND ESTIMATE THE AMPLITUDE OF THE 
SWING. TRY IT AT LEAST 3 TIMES AND RECORD THE TIME AND AMPLITUDE 
FOR EACH TRIAL. 
3. NEXT, THE SUBJECT SHOULD STAND ON A THICK TEXTBOOK SO 
HIS/HER WHOLE LEG IS SLIGHTLY RAISED OFF OF THE FLOOR SO THE 
WHOLE LEG, WITH THE KNEE IN A STRAIGHT POSITION, CAN SWING 
FREELY.  RELAX YOUR WHOLE LEG MUSCLES AND HAVE A TEAM MEMBER 
PULL YOUR SUSPENDED LEG ASIDE AND LET IT SWING FREELY WHILE 
TIMING ITS MOTION AND ESTIMATING THE AMPLITUDE. TRY IT AT LEAST 3 
TIMES AND RECORD THE TIME AND AMPLITUDE FOR EACH TRIAL.  
4. COMPLETE THE FOLLOWING SUMMARY DATA TABLE IN YOUR LAB 
BOOK.  
 
Table 5:  Amplitude, period Frequency and Force of the human legs 

Leg 
Portion 

Leg Length    (        ) 
(from the pivot to  the 

bottom of the heel) 

Average 
Amplitude      

(      ) 

Average 
Period           
(      ) 

Average 
Frequenc
y     (       ) 

Force 
exerted by 

the body on 
the floor 

lower 
leg 

     

whole 
leg 

     

13. How does the period of oscillation seem to relate to the length of the swinging leg?  
 
14. Carefully sketch a motion graph showing 5 complete oscillations for one of these 
two experimental conditions (whole leg or lower leg) based on your observations and 
times.  Compare the graph of the leg motion to the motion of the skeletons. How are they 
most different?  Explain why you think that is. 
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 APPLICATION 3: RELATING THE SWINGING MOTION OF YOUR LEG 

TO WALKING 

15. (a) Consider how you would expect the swinging motion of your leg to be 
related to your natural walking speed.  In the hallway, measure the time it takes the 
subject to take ten normal strides.  You might want to start walking and have the group 
time your ten strides while you are walking at a constant, natural gait.  Record the time 
and determine the average stride period and frequency. 

 
 (b) Compare and contrast the oscillatory frequency of the subject's freely 
swinging legs to his/her leg's natural walking oscillatory frequency.  

 
16. Describe the timing of the engagement of your leg muscles that enable you to 
walk. How are they related to the natural freely swinging oscillatory behavior of your 
legs? 

 
17. How is a simple pendulum similar to and different from a swinging arm or leg?  
Explain. 
 
 
 EXPLORATION 3: HOW FAST DO YOU WALK 
 
In this next investigation, we want to explore the connection between velocity and your 
actual motion.  We want to describe how velocity-time graphs look for different kinds of 
motion. 
 
How fast you move is your speed.  It is the rate of change of distance with respect to time 
 
 APPLICATION 1: MATCHING A VELOCITY GRAPH 
 
          In this activity, you will move to match a velocity graph shown on the computer 
screen.   
1. Hold a board in front of you and walk naturally towards the motion 
sensor. 
a. Explain what you think the line on the computer graph will look like. 
b. Provide a plot of position vs. time graph for your walk 
2. Repeat the same for a faster and slower walk.   
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a. Explain what you think your three plots mean 
3.         Describe how you moved to match each part of the graph. 
 
 4.         Is it possible for an object to move so that it produces an 
absolutely vertical line on   a velocity time graph?  Explain. 
 
              The speed or how fast you walk is the distance traveled divided by the time it 
takes to get there. 

                                        
xv
t

=
                                                                                   [eq 2]

 

                         Where x is the position or distance, t is the time, and v is the velocity 
3. Using the plot you received, determine the speed of your natural walk. 
4. Walking  naturally, How long it would take you to walk across the 
United States  from East to West given the journey will take 3000 miles 
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APPENDIX D: LAB 2:FLUIDS DENSITY AND BUOYANT FORCE 

 
LAB 2: 

FLUIDS DENSITY AND BUOYANT FORCE 
  
 
 
 

 
 
 
 
 
 
OBJECTIVES: 
 
 TO  OPERATIONALLY DEFINE THE CONCEPTS OF MASS AND VOLUME 

 TO UNDERSTAND THE CONCEPT OF DENSITY QUALITATIVELY AND 

MATHEMATICALLY 

 TO UNDERSTAND THE CONCEPT OF A BUOYANT FORCE ON A BODY 

IMMERSED IN A FLUID 

 TO USE THE CONCEPTS OF DENSITY AND BUOYANT FORCE TO 

UNDERSTAND SINKING AND FLOATING  

 TO USE ARCHIMEDES PRINCIPLE TO MEASURE SPECIFIC GRAVITY OF 

HUMAN BLOOD. 

 
 OVERVIEW 
 

In the medical field, it is often useful to measure the density of blood and urine, to 
determine medical conditions of a sick patient. Blood tests, are one of the most important 
tools that doctors use in evaluating your health status. Your blood and urine tests are used 
to determine physiological and biochemical states, such as disease, mineral, content, drug 
effectiveness, and organ function. An important aspect of blood is its density. A density 
too high or too low indicates a medical problem. In this Lab you will explore volume 
mass, density  and Buoyancy with human applications. 
 
1.  How you would measure the density of blood ? 
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2.  What do you think affects blood density?  
 
 
 
 
 
 INVESTIGATION 1: VOLUME, MASS, AND DENSITY 
 1. Write a qualitative definition of volume.  
 
 2. How would you measure the volume of each of the shaped objects at your 
table? 
3. How would you measure the volume of objects without shape? 
  
3.  Describe what happens when you place an object in a container of water. Could you 
use this to measure the volume of each of the objects at your table? Are there other ways 
to measure the volume of an object?  
 
 
An operational definition of volume is the amount of liquid displaced when an object is 
submerged in the liquid. Volume of liquid is measured in ml or L. Other units of volume 
are m3 or cm3. The standard unit of volume is 1L, it can also be measured in m3 and cm3. 
1ml=1cm3  
 
Equipment: 
2 objects 
Several objects that sink and float 
1 balance 

1 mass set 
1 beaker 

  
 An operational definition of mass is the amount of a standard mass that 
balances the object to be measured. When placed on a traditional beam balance, the Mass 
is measured in kg(kilogram). The density of a material is defined as its  
 mass per unit volume . The symbol for density is the Greek letter ρ
(rho). This can be written  
 mathematically as   

                                                                       V
m

=ρ .                                                             

[Eq 1] 

Density is measured in 3m
kg or 3cm

g  

 1. Do different objects made of the same material have the same density?  Explain 
your reasoning. 
 
 2. Test your reasoning with two different objects.  Report your results. 
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    3. Do you think 30 ml of water have the same density as 50 ml of water? Explain. 
 
 4. Perform a quick experiment to check your prediction. 
 
 5. What do you think the density of your blood is? Formulate an educated guess. 
 
  
 INVESTIGATION 2: BUOYANT FORCE 
 
We will explore the forces acting on an object in a fluid. 
 
Equipment: 

objects that sink and float 
1 balance 
1 mass set 

1 force probe or spring scale 
1 beaker 
string 

1.  Obtain a cube and a cylinder that will sink in water. Use a balance to determine the 
mass of each object. Find the volume of each object. Suspend the objects one at a time in 
water, using a string attached to a spring scale, as in the diagram below.  
 

 
 
  
 
 
 
 
 
     

 

 

Figure 1: a mass attached to string suspended on a spring scale. The mass is 
submerged in the water 
(i) Draw a free body diagram for each of the objects when they are completely 
submerged in the water without touching the bottom. Label all forces. 
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  (ii) Record the values for the upward force on the object due to the spring and the 
gravitational force on the object.  
 
 (iii) Are the gravitational force and the spring force equal and opposite while the 
object is submerged? 
 
 (iv) Should they be? If not, is there another force that must be acting on each 
object when they are submerged? 
 
  
The upward force on a body due to the water in which it is immersed, is called the 
buoyant force.  

2.  Use the table below to record buoyant force on each object, and 
columns for the mass, 
volume and weight of the displaced water for each object. 

  
Item Spring scale 

reading out 
of liquid 

Spring scale 
reading 
submerged 

Displaced 
H20 volume  

H20 Mass 
Of  Displaced 
H20 

H20 weight  
mgw =  

Object 1      

Object 2      

 
3. Are any of the columns roughly the same?  
 
Archimedes’ principle states that the buoyant force on a body immersed in a fluid is 
equal to the weight of the fluid displaced. This can be written mathematically as 
 
                                                              gmF FB =                                                       [Eq 2]  
 
where FB is the buoyant force, mF is the mass of the fluid, g = 9.8m/s2 
 
or 
                                                              gVF FFB ρ=                                        [Eq 3] 
where FB is the buoyant force, ρF is the density of the fluid, VF is the volume the fluid and 
g = 9.8m/s2.  
4.  Is this consistent with your data? 
 
 
 
 INVESTIGATION 3: SINKING AND FLOATING 
 
Equipment: 
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 water 
 Liquid 
 Beakers 

 Balance 
 Various materials 
 Graduated cylinder 

 
1. List objects that float. Explain 
 
2. List Objects that sink. Explain 
 
 

Consider a floating object; 
3. Draw a free body diagram for an object that floats in the liquid.  Label all forces. 
Use the length of your arrows to show the magnitude of the forces.  
 
 
 
 
 
 
 
 
4. How do the forces in your diagram compare? Explain and check with your 
instructor. 
 
5. Express the magnitude of the gravitational force in terms of the density of the 
object. 
 
6. Express the magnitude of the buoyant force in terms of the density the liquid. Use 
the relationship between the two forces to find the ratio of the density of the object to the 
density of the liquid. 
 
 
7. How does the density of a floating object compare to the density of the liquid in 
which it is floating? Explain 
 
8. How do you think the density of a sinking object compares to the density of the 
liquid in which it is sinking?  
 
9. Test your hypothesis and discuss it with your instructor. 
 
Specific gravity is defined as the ratio of the density of a given solid or liquid substance 
to the density of water at a specific temperature and pressure. The mathematical  
definition is  
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                                                                    S.G=
02H

o

ρ
ρ

                                                            
[Eq 4]                   

 

Where oρ  is the density of object and 02Hρ  is the density of water.  
 
 APPLICATION: MEASURING THE DENSITY AND SPECIFIC 
GRAVITY OF BLOOD 
 
Blood Tests often include determination of the specific gravity of blood. The specific 
gravity of blood is normally 1.040 to 1.065. A reading that is too low may indicate 
anemia, since the presence of red blood cells increases the average density of the blood. 
Before a donor can give blood, a drop of  blood is placed in a solution of known density. 
If the drop does not sink, it is not safe for the donor to give blood because the 
concentration of red blood cells is too low. Similarly, urinalysis also includes a specific 
gravity measurement . The specific gravity in urinalysis is normally 1.015 to 1.030; too 
high indicates an abnormally high concentration of dissolved salts, which can signal a 
medical problem. 
1.  Devise a method to obtain the density of blood.  
 
 
There are many methods to obtain the density of blood. One method involves the use of 
an instrument called a hydrometer. A hydrometer is an instrument that floats in a liquid. 
The height at which it floats depends on the density of the liquid. The hydrometer is 
calibrated to read specific gravity (unit less).  
 At your table are three liquids that resemble blood.  
2. Use a hydrometer at your table to measure the specific gravity of the three 
liquids.  Record your results in the table below 
 

Liquids Specific Gravity Density 
   
   
   

 
3. Use the specific gravity to calculate the density of the samples. Record the 
results in the table above.   
 
 
4. Do any of the samples have a specific gravity that falls within the blood donor 
range?  Explain 
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APPENDIX E: LAB 3:PRESSURE IN FLUIDS 

LAB 3: 
PRESSURE IN FLUIDS 

 
 
 
 
 
 
 
 
 
OBJECTIVES: 
 
 TO UNDERSTAND THE CONCEPT OF PRESSURE. 

 TO UNDERSTAND THAT THE PRESSURE IN A FLUID DEPENDS ON 

DEPTH. 

 TO UNDERSTAND THAT FLUID PRESSURE DEPENDS ALSO ON BOTH 

HEIGHT AND SPEED OF THE FLUID FOR FLOWING FLUIDS. 

 TO UNDERSTAND THAT PRESSURE IS SAME IN ALL DIRECTIONS AT A 

GIVEN POINT 

 
 OVERVIEW 
 

Pressure is defined as force per unit area. It is usually more convenient to use pressure 
rather than force to describe the influences upon fluid behavior. The standard unit for 
pressure is the Pascal, which is a Newton per square meter. One application to fluid 
pressure is the blood pressure. 
Blood pressure is the pressure exerted by circulating blood on the walls of blood vessels, 
and is one of the principal vital signs. During each heartbeat, BP varies between a 
maximum (systolic) and a minimum (diastolic) pressure. The mean BP decreases as the 
circulating blood moves away from the heart through arteries, has its greatest decrease in 
the small arteries and arterioles, and continues to decrease as the blood moves through 
the capillaries and back to the heart through veins. 
 
EXPLORATION 1: PRESSURE 

 First make a straightforward observation. Lay your hands on the table in front of 

you and locate a bulging vein (the more it bulges, the better!). Once you have located a 

High 
 Pressure 
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"good" bulging vein in your hand, slowly raise your hand until it is well above your head 

while constantly watching that vein.  

1. What happens? What height above your shoulders did you first notice the change? 

Describe your observations below. 

 
 

2. Slowly lower your hand while still watching the vein. Repeat the process. 

Speculate about what might be a reasonable explanation for what you observed. 

 
 

3. When you stand on your head what do you feel and why? What happens to the   

arteries, veins, and other soft tissues of your head? 

 
 

4. How might we begin to explain something that is clearly happening inside our    

bodies? Let us now explore and see if we can develop an understanding pressure of fluids 

in our bodies. 

 
 
 
 INVESTIGATION 1: MEASURING  PRESSURE 
 
Equipment: 
 Clay 
 1 meter stick 
 1 balance or scale 
 
1. Take a piece of clay. Form it into a block with one side about 15cm long and the 
other two sides about 1cm long. Stand the block on a table, as in the picture below.  

 
 
 
 
 
 
 
2.  
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3. Is a force exerted by the block on the table? If it is, determine the magnitude    of 
the force exerted by the block on the table. Explain your reasoning. 
 
4. Rotate the block, as in the picture below. Is a force exerted by the block on the 
table? If it is, determine the magnitude of the force exerted by the block on the table. 
Explain your reasoning. 
 
 
 
 
 
5. Is the force exerted by the block on the table exerted at one point on the table or is 
it a force exerted by the block at different points along the table? Explain your reasoning. 
 
Suppose you had a wedge of clay resting on a table, as in the diagram below. 

 
 
 
 
 
 
6. WOULD THE FORCE EXERTED BY THE CLAY ON THE TABLE BE THE 
SAME AT ALL POINTS? EXPLAIN YOUR REASONING. IF NOT, WHERE 
WOULD THE FORCE BE THE LEAST? WHERE WOULD IT BE THE GREATEST? 
 
7. IN THE THREE CASES ABOVE, WOULD MEASUREMENT OF THE 
FORCE PRODUCE THE SAME VALUE IF PLACED ANYWHERE UNDER THE 
CLAY? EXPLAIN 
 
8. IN EACH OF THE CASES ABOVE, WOULD YOU SAY THAT THE FORCE 
PER UNIT AREA IS CONSTANT? EXPLAIN. 
 
9. DETERMINE THE FORCE PER UNIT AREA FOR THE BLOCKS IN PARTS 
A. AND B. ABOVE. SHOW YOUR CALCULATION. 
 
10. IN WHICH CASE IS THE FORCE PER UNIT AREA GREATEST? EXPLAIN 
WHY YOU THINK SO. 
 
 
 
Pressure is defined as the force per unit area and this concept is used to help us 
characterize fluids. Mathematically, 
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                                                                  P = F/A                                                      [Eq 1] 
 
The unit of pressure is a Pascal. One Pascal is one N/m2.  
 
 APPLICATION 1: PRESSURE OF A NEEDLE 
 
 CONSIDER THE TWO PICTURES BELOW. IN EACH CASE, THE FORCE 
APPLIED IS THE SAME IN MAGNITUDE. IN ONE CASE, THE FORCE IS 
APPLIED BY A FINGER, IN THE OTHER CASE, THE PART TOUCHING THE 
SKIN IS A NEEDLE.. 

 

  
 FIGURE  1: (A) PRESSURE EXERTED BY AN OBJECT WITH  A LARGE AREA 
SURFACE (HAND) (B) PRESSURE EXERTED BY AN OBJECT WITH SMALL AREA 
(SYRINGE) [6] 

 
1. WHICH WOULD HURT MORE? EXPLAIN 
 
2. IN THE 1950'S WOMEN WORE VERY SHARP HIGH HEELS AND WERE 
BARRED FROM WALKING ON WOODEN FLOORS IN SOME BUILDINGS. 
EXPLAIN WHY YOU THINK SO. 
 
 
 
 INVESTIGATION2: FLUID PRESSURE AT THE BOTTOM OF A 
CONTAINER 
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Figure 2: Pressure in pipes of  different heights and diameters 
  
Let us now explore ways in which pressure can help us characterize a fluid and any 
vessel containing that fluid. 
 
Equipment: 
 

 beaker 
 flask 
 graduated cylinder 

 Computer with software 
 gas pressure sensor 

 
If you fill a flask with water, does the water exert a force on the flask? Does it exert the 
same force on all parts of the flask? Let's try to find answers to these questions. How 
might you perform a simple experiment to support your prediction? 
 

 1. If the beaker and the flask contain the same amount (mass and volume) of water, do 
you think the pressure exerted by the water is the same at the bottom of each of the 
containers? Explain.  
 

 2. Fill the beaker nearly full with water and using what you learned about pressure, 
calculate the pressure of the water at the bottom of the beaker. Set aside the nearly full 
flask. Show your calculation to your instructor. 
 

 3. Predict the pressure at the bottom of the flask if you pour all the water from the beaker 
into the flask. Don't actually pour the water just yet  make a best estimate! 
 

 Connect a pressure sensor to the lb pro computer interface. Ask your instructor 
instructions with this.  
 4. Use a pressure sensor to measure the pressure at the bottom of the beaker filled 
with water and record the answer below. Now pour all the water from the beaker into the 
flask and measure the pressure of the water at the bottom of the flask and record your 
answer below. Is the pressure the same at the bottom of the flask and the beaker? 

Pflask =   Pbeaker =  
 
 INVESTIGATION 3: PRESSURE AT DIFFERENT HEIGHTS IN A LIQUID: 
 
Imagine for a moment that you are in a swimming pool filled with water. The water 
pushes on you from all sides. Is the pressure of the water on your body the same if are 
near the surface versus deep down in water? What do your ears experience as you go 
down deeper?  
1. Obtain a tall cylinder and fill it nearly to the top with water. Measure the 
pressure for at least 6 different heights using the pressure sensor. Record your data in the 
table below.  
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2. Graph your data in Excel. Are the pressure and height related? Based on your graph, 
how are they related?  
 
3. Is this consistent with your data? Explain 
 
4. PASCAL SAID THAT THE PRESSURE AT ANY POINT IN A FLUID IS THE 
SAME IN ALL DIRECTIONS AND THAT THE PRESSURE AT A PARTICULAR 
POINT DEPENDS ON THE DEPTH. 
 The pressure and height are related by  
                                                          ghP ρ=                                                                          
[Eq 2] 
          Where P is the pressure, ρ is the density, h is the height and g is the gravity 
constant (9.8m/s) 
            5. Without actually doing this experiment, predict what would happen if you were 
to drill three identical holes in the side of the cylinder. Would the water pour out at the 
same rate at each height? Would it land the same distance from the cylinder at each 
height? Explain. 
 
 
Pascal also said that if the pressure at any point in an enclosed fluid at rest is changed, the 
pressure is changed by an equal amount at all points in the enclosed fluid.  
 
Fluid Dynamics  
If a fluid is stationary, the pressure depends on the height. If a fluid is flowing, the 
pressure also depends on the velocity of the fluid, the speed, the pressure and the height 
of the fluid at two different points is related by  

2
222

2
111 2

1
2
1 vmghPvmghP ρρ ++=++

                                                              [ Eq 3]
 

Where P is the pressure, h is the height, m is the mass, g is the gravity constant (9.8m/s), 
and v is the velocity. This is called the Bernoulli’s principle 
 
 
 
 EXPLORATION 2: MEASURING YOUR BLOOD PRESSURE 

Height (m) Pressure (Pa) 
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Figure 3:  Measuring blood pressure with cuffs and blood pressure pump 

Blood pressure is the force exerted by circulating blood on the walls of blood vessels, and 
constitutes one of the principal vital signs of life, which also include heart beat, rate of 
breathing, and temperature. Blood pressure is generated by the heart pumping blood into 
the arteries and is regulated by the response by the arteries to the flow of blood. 

When measuring blood pressure, there are two measures of blood pressure: the highest 
blood pressure when the heart beats, called the "systolic" pressure; and the lowest 
pressure when the heart relaxes called the "diastolic" pressure. When one reads a blood 
pressure, it is said for example "120 over 80", giving the systolic number first and the 
diastolic number next. This means that when the heart beats, the pressure is 120 mmHg 
(millimeters of mercury), and when the heart relaxes, the pressure is 80 mmHg.  

High blood pressure (hypertension) is dangerous because it makes the heart work harder 
to pump blood to the body and it contributes to hardening of the arteries or 
atherosclerosis and the development of heart failure. Low blood pressure (hypotension) is 
pressure so low it causes symptoms or signs due to the low flow of blood through the 
arteries and veins. When the flow of blood is too low to deliver enough oxygen and 
nutrients to vital organs such as the brain, heart, and kidney, the organs do not function 
normally and may be permanently damaged.  

 
 MEASUREMENT OF  YOUR OWN BLOOD PRESSURE 
 

You may take your blood pressure on either arm, although most people choose the left. 
The arm should be bare.  

1. SIT AT A TABLE WITH YOUR FOREARM RESTING COMFORTABLY. 
SLIDE THE CUFF ONTO YOUR ARM TO A POSITION JUST ABOVE THE ELBOW 
AND SLIP YOUR ARM THROUGH THE CUFF SO THAT THE CHEST PIECE OF 
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THE CUFF IS ABOUT ONE INCH ABOVE THE ELBOW AND UNDER THE 
BICEPS MUSCLE. THIS IS WHERE THE BRACHIAL ARTERY RUNS.  
2. PULL THE CUFF-END TO TIGHTEN AND ATTACH THE VELCRO 
FASTENER AND PLACE THE STETHOSCOPE INTO BOTH EARS. 
3. HOLD THE PRESSURE GAUGE IN THE OTHER HAND OF THE ARM 
WITHOUT THE CUFF. WITH THE TRIGGER IN THE "OUT" OR "PUMP" 
POSITION, RAPIDLY SQUEEZE THE BULB UNTIL THE POINTER IN THE 
GAUGE IS ABOUT 180 MMHG PRESSURE. THE CUFF SHOULD FEEL TIGHT 
AND YOUR ARM MAY FEEL CRAMPED.  
4. ONCE THE CUFF IS INFLATED, STOP PUMPING AND POSITION YOUR 
INDEX FINGER OVER THE TRIGGER AIR RELEASE VALVE. WATCH THE 
GAUGE DIAL FACE AND SLOWLY DEFLATE THE CUFF BY DEPRESSING 
LIGHTLY ON THE TRIGGER UNTIL TENSION IS FELT. DURING THE 
MEASUREMENT PHASE ATTEMPT TO KEEP THE DEFLATION RATE SLOW 
AND STEADY, AT 2 TO 4 MMHG PER SECOND. THIS REQUIRES ONLY LIGHT 
PRESSURE 
5. AS YOU START TO DEFLATE THE CUFF YOU SHOULD HEAR 
NOTHING. IF YOU HEAR SOUND IMMEDIATELY YOU WILL HAVE TO PUMP 
HIGHER BEFORE YOU BEGIN. AS THE CUFF PRESSURE DECREASES AND 
THE POINTER FALLS, THE FIRST SOUND YOU WILL HEAR IS A THUMPING - 
THE FIRST OF SEVERAL SIMILAR BEATS. THE POINT AT WHICH THESE 
SOUNDS BEGIN IS YOUR SYSTOLIC PRESSURE.  
6. CONTINUE LISTENING FOR THE THUMPING SOUNDS. WHEN THE 
SOUND STOPS, YOU HAVE REACHED YOUR DIASTOLIC PRESSURE. DO NOT 
RECORD THIS PRESSURE. WHAT DOES THIS PRESSURE TELL YOU ABOUT 
YOUR OWN BLOOD PRESSURE?  
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APPENDIX F: LAB 4 BLOOD FLOW:  MODELING THE BLOOD 
CIRCULATORY SYSTEMS 

LAB 4 
BLOOD FLOW:  MODELING THE BLOOD CIRCULATORY SYSTEMS 

 
 
 
 
 
 
 
 
 
 
 
 
 
OBJECTIVES: 
 
 To learn about the rate of blood flow in the human circulatory system. 

 To learn about pressure and laws that govern the flow of blood in the circulatory 

system 

 To learn about the flow of blood in blood vessels of varying diameters 

 To recognize the different physical factors influencing blood flow rate in the 

circulation system. 

 
 OVERVIEW 
 

Blood is a liquid that flows within blood vessels. It is constantly in motion as the heart 
pumps blood through arteries to the different organs and cells of the body. The blood is 
propelled back to the heart in the veins. The how fast the blood flow (the flow rate of 
blood) in arteries and veins depends on a number of factors, one being the diameter size.  
 
 1. What are the functions of blood flow in your body?   
 
 2. When would your body need to increase the blood flow rate?   
 
 3. When would some parts of your body need more blood flow than 
other parts?. 
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              4. How does temperature affect fluid flow? 
 
       
 
YOUR CIRCULATORY SYSTEM - A SIMPLE MODEL 
 
Here is an engineer's sketch of the blood circulation system of a human body. The 
circulatory system can be thought of as a closed-loop circulation system with two pumps.  
One-way valves keep the flow uni-directional through the pumps.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
Figure. 1  What are the properties of this system that determine the flow rate of blood?  
By what mechanisms does your body regulate its blood flow rate (increase or decrease 
the flow rate or change where more of the blood flows).  Explain your ideas. 
FIGURE 1:  A MODEL FOR THE CIRCULATORY SYSTEM OF THE HUMAN BODY. 

1. List all of the factors you can think of that might play a role in blood 
flow rate. Comment on how you think each factor will contribute. (e.g. thicker blood – 
moves slower…) 
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 INVESTIGATION 1: FLOW RATE OF A LIQUID IN A CROSS 
SECTIONAL AREA: 
 
Let's explore what happens to pressure in a tube that changes cross-sectional area. 
Have your instructor demonstrate a venturi tube. It consists of a horizontal tube that is 
wide at each end and narrow in the middle as shown in figure 2 below. There are vertical 
tubes attached to the narrow and wider sections of the horizontal tube.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  Diagram of the  set up of the venturi tube to used for pressure experiment. 
 
1. Flow air through the venturi tube and observe the pressure in the different 
sections of the venturi tube. What do your observations indicate about the pressure in the 
each part of the horizontal tube?  
 
2.  Is this the pressure outward on the side of the tube, inward (from the 
outside in), or in the direction of flow? Explain your reasoning.  
 
3. Where is the pressure greater, where is it less? How do the pressures 
inside the tube compare to the pressure outside the tube? 
 
4. Is the velocity of the fluid the same in each part of the tube? Explain why 
you think so. 
 
 
        Use a hose to perform the following experiment; 
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5. HOLD THE END OF THE HOSE HORIZONTALLY, TURN THE 
WATER ON AND OBSERVE THE WATER LEAVING THE HOSE. USE YOUR 
FINGER TO COVER PART OF THE OPENING AT THE END OF THE HOSE. 
OBSERVE THE WATER LEAVING THE HOSE. CAN YOU MAKE ANY 
STATEMENTS ABOUT THE VELOCITY OF THE WATER LEAVING THE HOSE 
WHEN IT IS PARTIALLY COVERED WITH YOUR FINGER COMPARED TO THE 
VELOCITY OF THE WATER LEAVING THE HOSE WHEN THE OPENING IS NOT 
COVERED BY YOUR FINGER BASED ON YOUR OBSERVATIONS? EXPLAIN. 
 
6. IF YOU HAD TWO TUBES OF DIFFERENT RADII ATTACHED TO 
MAKE ONE TUBE, AS IN THE DIAGRAM BELOW, AND WATER WAS 
FLOWING THROUGH THE TUBES, WOULD THE WATER FLOW AT THE SAME 
VELOCITY THROUGH THE NARROW PART AS THROUGH THE WIDER PART? 
EXPLAIN.  
 

 
Figure 3. A diagram of a tube with narrow and wide diameter. 

 
 
  Consider a pipe that consists of two parts, one with a wider cross-
sectional area, as shown in the diagram below. 
 

 
Figure 4: A diagram of a tube with narrow and wide cross sectional areas. 

 
 Consider the following statement, which refers to the above diagram: 
 If the liquid flowing does not build up in the pipe between area A1 and 
area A2, then the mass per unit time passing cross-sectional area A1 must equal the mass 
per unit time passing cross-sectional area A2. 
 
 7. Discuss this statement with your group members and see if they 
agree on the meaning of this statement. 
 
 8.If this statement is true, would the velocity of the fluid be the same 
when it crosses area A1 as when it crosses area A2? Or would the velocity of the fluid as 
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it crosses area A1 be greater or less than the velocity of the fluid as it crosses area A2? 
Explain. 
 
 9.Is this consistent with your answer to to the above ? why or why not? 
 
 10. What factors do you expect the flow rate to depend on? List the 
factors and explain why.  
 
 
The flow rate of blood tells us how fast blood flows through arteries and veins, and can 
be written mathematically as  

                          Volume flow rate= vA
t

AL
t

LA
t
V

=
∆
∆

=
∆

∆
=

∆
∆ )()(          [Eq 1] 

where ∆V is the volume where the blood flows crossing a cross-sectional area A, in a 
time ∆t. v (small letter) is the velocity. 
    
The flow rate passing a cross sectional area A1, depends on the area (A1), the velocity of 
the of the fluid in the pipe (v).  
 
 
 

 
 
 
 

Figure 5: A diagram of a tube with narrow and wide cross sectional areas. 
If the flow rate is the same in each part of the pipe shown in the picture above, then  
 

                                                                  
V
t

∆
∆

= A1 v1 =  A2 v2                                   [Eq 2] 

                                                                   and  
                                                                     A1 v1 = A2 v2                                               [Eq 3] 
 
The above  continuity equation states that the velocity of a liquid flowing through a 
narrower part of a pipe is greater than the velocity of liquid flowing through a wider part 
of a pipe. 
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 INVESTIGATION 2: FACTORS THAT DETERMINE THE VOLUME 
FLOW RATE  
 
Have a class discussion of the important concepts related to fluid flow. Share your ideas 
that your group listed above. 
1. List the classes' predicted factors that affect flow rate and possible functional 
(mathematical) dependencies (e.g. flow rate = (constant)xPressuren) 
 
Table 1: Volume flow rate 

Factor Functional relationship 
  
  
  
  
  
  

 
A. Volume flow rate as a function of pressure 
 
 
Obtain a volume flow rate apparatus from your instructor 
 
 
 
 
 

 
 
 
FIGURE 6: A FLOW RATE APPARATUS FOR DETERMINING VOLUME FLOW RATE 
AS A FUNCTION OF PRESSURE  

 
 INVESTIGATION 3: 
  
1. DESCRIBE HOW YOU MIGHT MEASURE THE FLOW RATE OF WATER 
EXITING FROM THE TUBE.  DISCUSS YOUR METHOD WITH YOUR 
INSTRUCTOR BEFORE PROCEEDING. 
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2. TO TEST THE DEPENDENCE OF A QUANTITY ON ONE VARIABLE, 
DESCRIBE HOW YOU WOULD TEST FOR THE DEPENDENCE OF FLOW RATE 
ON PRESSURE. HOW WILL YOU VARY THE PRESSURE? 
 
3. RECORD YOUR DATA FOR PRESSURE AND FLOW RATE IN THE TABLE 
BELOW.  
 
Table 2: Pressure and flow rate 
 

Variable 1 Variable 2 
  
  
  
  
  
  

 
4. COPY YOUR DATA TO EXCEL AND GRAPH IT. DOES FLOW RATE 
DEPEND ON PRESSURE? EXPLAIN. 
 
  
B. Volume Rate as a Function of Length of the Tube 
 
Obtain a volume flow rate apparatus from your instructor 
 
 
 
 
 

 
 
 
FIGURE 7: A FLOW RATE APPARATUS FOR DETERMINING VOLUME RATE AS A 
FUNCTION OF LENGTH 

 
 INVESTIGATION 4. 
 

In order to test to see if flow rate is a function of  length, what v 
1. ARIABLES WILL YOU HOLD CONSTANT AND HOW WILL YOU ASSURE 
THEY ARE CONSTANT? 
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2. RECORD YOUR DATA FOR TUBE LENGTH AND FLOW RATE IN THE 

TABLE BELOW.  

Table 3: Tube length and Flow rate 
Length Flow rate 
  
  
  
  
  
  

 
 3. COPY YOUR DATA TO EXCEL AND GRAPH IT. DOES THE FLOW 
RATE DEPEND ON LENGTH OF THE TUBES? EXPLAIN 

 
  
C. Flow Rate as a Function of the Inside Diameter of the Tube 
 
Obtain from your instructor a set of tubes of equal length and different diameters. 
 
 
 
 
 

 
 
 
FIGURE 8: A FLOW RATE APPARATUS FOR DETERMINING THE FLOW RATE AS A 
FUNCTION OF DIAMETER. 

 
 
 
 INVESTIGATION 5: 
 
1. WHAT VARIABLES WILL YOU HOLD CONSTANT AND HOW WILL YOU 
ASSURE THEY ARE CONSTANT? EXPLAIN 
 
2. RECORD YOUR DATA FOR TUBE DIAMETER AND FLOW RATE IN THE 
TABLE BELOW.  
 
Table 4: Tube diameter and Flow rate 

Diameter (cm) Flow rate 
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 4. Copy your data to Excel and graph it. Does the flow rate depend on 
the tube diameter? Explain 
 
 
 INVESTIGATION 6: 

Flow Rate F =  
4. .

8. .
P r

L
π
υ          [Eq 4]

 

where: 

F = blood flow rate 
P = pressure  
L = length of tube 

υ  = fluid viscosity 

r = radius of tube 

 
In the last equation it is important to note that resistance to flow changes dramatically 
with respect to the radius of the tube. 
 
1. COMPARE THE RESULTS OF THE THREE DIFFERENT INVENTION 
ACTIVITIES ABOVE (ACTIVITIES 3,4, AND 5) TO THIS EQUATION.  DO THEY 
APPEAR TO AGREE?  EXPLAIN. 
 
2. DURING HEAVY EXERCISE, THE BODY INCREASES ITS FLOW RATE 5-
10 TIMES GREATER THAN WHEN AT REST.  DESCRIBE DIFFERENT WAYS 
THAT THE BODY MIGHT DO THIS? 
 
3. IS INCREASING BLOOD PRESSURE 5-10 TIMES HIGHER A VIABLE 
OPTION? EXPLAIN. 
 
4. IS DECREASING THE LENGTH OF YOUR BLOOD VESSELS A VIABLE 
OPTION? 
 
5. THE ARTERIOLES (SMALL ARTERIES) HAVE SPHINCTER-LIKE 
MUSCLES AROUND THEM.  HOW MUCH WOULD THE RADIUS OF A BLOOD 
VESSEL HAVE TO INCREASE TO CAUSE A 5 TIMES GREATER FLOW RATE?  
 
IN FACT THE BODY DOES INCREASE ITS BLOOD PRESSURE A LITTLE TO 
INCREASE THE FLOW RATE – BUT MOST OF THE FLOW RATE INCREASE 
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COMES FROM VASODILATATION. VASODILATATION REFERS TO THE 
WIDENING OF BLOOD VESSELS  RESULTING FROM RELAXATION OF 
SMOOTH MUSCLE CELLS WITHIN THE VESSEL WALLS, PARTICULARLY IN 
THE LARGE ARTERIES, SMALLER ARTERIOLES AND LARGE VEINS. 

 

6. ARTERIES IN THE HUMAN BODY CAN BE CONSTRICTED WHEN 
PLAQUE BUILDS UP ON THE INSIDE WALLS.  HOW WOULD THIS AFFECT 
THE BLOOD FLOW RATE THROUGH THIS ARTERY?   
 
7. IF THE BODY WANTS TO KEEP A CONSTANT FLOW RATE, THEN HOW 
MIGHT THIS CONDITION AFFECT A PERSON'S BLOOD PRESSURE?  EXPLAIN. 
 
 
 
 APPLICATION: BLOOD VISCOSITY 
 
Viscosity is the quantity that describes a fluid's resistance to flow and thus contributes to 
the flow rate of the blood. The SI units for viscosity are N s/m2, Pa s or  kg/m s. At very 
low flow states in the microcirculation, as occurs during circulatory shock, the blood 
viscosity can increase quite significantly.  This occurs because at low flow states there 
are increased cell-to-cell and protein-to-cell adhesive interactions that can cause 
erythrocytes to adhere to one another and increase the blood viscosity. High resistance of 
blood flow will lead to decreased oxygen delivery. Anemia can lead to decrease blood 
viscosity, which may lead to heart failure. 
 
1. What do you think the viscosity of your blood is? Ask your instructor  
 
 
2. How would you measure viscosity? 
 
3.      Determine the viscosity of water from your data above. Ask your instructor for 
some clues!  Show your calculations. 
 
4. Determine the viscosity of  the three unknown liquids on your table  and record 
your data below. Show your calculations. 
 
 
5. Calculate the resistance and flow rate of the 3 liquids and record your data below 
 
Table 5: Resistance and Flow rate 
Viscosity Resistivity Flow rate 
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6. Whole blood has a relative viscosity of 3-4 depending upon hematocrit, 
temperature, and flow rate. Which of the Liquid has viscosity similar to what your blood 
viscosity is? 
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APPENDIX G: LAB 5 SOUND PRODUCTION AND WAVE PHENOMENON OF 
HEARING 

LAB 5 
SOUND PRODUCTION AND WAVE PHENOMENON OF HEARING 

 
 
 
 
 
 
 
 
 
 
OBJECTIVES: 
 
 To learn about the basic mechanism of  hearing  

 To describe the mechanism of sound as a pressure wave 

 To investigate how sound is produced 

 To explore the basic characteristics of sound waves ; amplitude, frequency, 

period. wavelength and velocity 

 OVERVIEW 
 

Sound is a travelling wave phenomena in which the pressure at any point is periodically 
increased and decreased with respect to the ambient atmospheric pressure.  The sound 
waves are composed of frequencies within the range of hearing and of a level sufficiently 
strong to be heard, or the sensation stimulated in organs of hearing by such vibrations.  
The range of human hearing is generally considered to be at the frequency  of 20 Hz to 20 
kHz. When something vibrates in the atmosphere, it moves the air particles around it. 
Those air particles in turn move the air particles around them, carrying the wave pulse of 
the vibration through the air. These periodic pressure vibrations are received by the ear 
and passed on to the brain in the form of information. Below is a model functional 
diagram of the human ear. 
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Figure 1: According to the diagram, the outer ear collects the sound waves from the 
environment and channels them to the tympanic membrane (ear drum), a thin sheet of 
tissue that vibrates in synchronization with the air waveform. The middle ear bones 
(hammer, anvil and stirrup) transmit these vibrations to the oval window, a flexible 
membrane in the fluid filled cochlea [4]. 
 
Contained within the cochlea is the basilar membrane, the supporting structure for about 
12,000 nerve cells that form the cochlea nerve. Due to the varying stiffness of the basilar 
membrane, each nerve cell only response to a narrow range of audio frequencies making 
the ear a frequency spectrum analyzer. 
 
 EXPLORATION 1: SOUND PRODUCTION 
 

1. PRODUCE A BRIEF SOUND BY CLAPPING YOUR HANDS ONCE.  WHAT 
DO YOU THINK YOUR HANDS DO TO PRODUCE THIS SOUND? 
 
2. HOW DO YOU THINK SOUND REACHES YOUR EARS? 
 
3. YOU MAY HAVE HEARD THE TERM “SOUND WAVE”.  WHAT DO YOU 
THINK IT IS? 
 
  
 INVESTIGATION 1: TRANSVERSE AND LONGITUDINAL WAVES 
 
A mechanical wave is defined as a moving disturbance in a medium. Ideal mechanical 
waves are divided into two kinds: longitudinal and transverse.   
 
 
A. Transverse Wave: 
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In a transverse wave, the disturbance propagates perpendicular to the direction in which 
the medium through which it moves.  
 
1. GET A SLINKY AND EXTEND IT ON THE FLOOR ABOUT 3 METERS.  
CONTINUOUSLY MOVE ONE END OF THE SLINKY LEFT AND RIGHT  TO 
SEND A WAVE DOWN THE SLINKY. DOES THE SLINKY ITSELF MOVE FROM 
ONE END TO THE OTHER? IF NOT WHAT DOES? WHAT IS TRANSMITTED 
FROM ONE END OF THE SLINKY TO THE OTHER?   
 
2. WHAT YOU JUST CREATED IS CALLED A TRANSVERSE WAVE.  LIST 
SOME OTHER EXAMPLES OF A TRANSVERSE WAVE. 
 
  
B. Longitudinal Wave: 
In a longitudinal wave, the medium moves parallel or anti-parallel to the direction in 
which the disturbance moves. When you push and pull on the slinky, you create a 
longitudinal wave. 
 
1. USING THE SAME SLINKY, CONTINUOUSLY PUSH AND PULL TO 
TRANSMIT A LONGITUDINAL PULSE FROM ONE END OF THE SLINKY TO 
THE OTHER. WHAT IS ACTUALLY TRANSMITTED FROM ONE END OF THE 
SLINKY TO THE OTHER?   
 
2. LIST OTHER EXAMPLES OF A LONGITUDINAL WAVE. 
 
    
 INVESTIGATION 2: CHRACTERISTICS OF A WAVE 
 
A. The Wave Amplitute: 
 In this exercise you will explore the characteristics of a wave using an animation as an 
illustration. 
1. OPEN THE FILE “SINE WAVE” PPT FOUND IN MY DOCUMENTS 
FOLDER.  BY CONTINUALLY MOVING THE END OF A SPRING LEFT AND 
RIGHT OF A SLINKY IN INVESTIGATION 1, YOU PRODUCED A WAVEFORM 
THAT REPEATS. THE WAVE  YOU CREATED IS SIMILAR TO THE WAVE IN 
THE ANIMATION YOU JUST OPENED.  
2. ONE OF THE CHARACTERISTICS OF A WAVE IS AN AMPLITUDE. THE 
AMPLITUDE IS THE MAXIMUM DISPLACEMENT OF THE MEDIUM FROM 
EQUILIBRIUM (X=0). FROM THE ANIMATION, MEASURE THE AMPLITUDE .  
 
3. BELOW IS A SNAPSHOT OF THE ANIMATION PLOT. USE A PENCIL TO 
LABEL THE AMPLITUDE ON THE PLOT.  



Texas Tech University, Vanalet Rusuriye, December 2012 

81 

 

 

 

 

 

 

 

 

Figure 2: A sinusoidal graph representing the characteristic of a wave 

 B.  The Wavelength: 

If you took a snapshot of the wave at one point in time, it would look like this: 

  

 

  

 

 

 

 

Figure 3: A sinusoidal graph representing the characteristic of a wave 

1. WHEN THE SHAPE OF THE WAVE REPEATS, THE WAVE IS CALLED A 
PERIODIC WAVE. THE DISTANCE OVER WHICH THE WAVE REPEATS ITSELF 
IS CALLED THE WAVELENGTH. THE SYMBOL λ  (LAMBDA)IS USED FOR 
WAVELENGTH. THE UNIT FOR THE MEASUREMENT OF  WAVELENGTH IS 
METERS. ASSUME THAT THE AXIS OF THE GRAPH IS IN CENTIMETER. 
DETERMINE THE WAVELENGTH OF THE WAVE IN THE PICTURE ABOVE. 
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2. ABOVE IS A SNAPSHOT OF THE ANIMATION PLOT. USE A PENCIL TO 
LABEL THE WAVELENGTH ON THE PLOT.  
C. The  Wave Period:  

At a later instant in time, the wave shown in part B would look like this: 

  

 

 

 

 

 

 

 

Figure 4: A sinusoidal graph representing the periodic motion of a wave 

1.  The period (T) of a wave is defined as the time required for one point on the sting 
(wave) to move up and down and return to its original position. (one cycle) . Watch one 
point on the spring in the animation. Time it to determine the period.  

 
D.  The Wave Frequency: 

The frequency is the number of cycles a wave completes in one second. The symbol  f  is 
used for frequency and is measured in Hertz (Hz).  

The frequency is the inverse of the period, mathematically; 

      
T

f 1
=         [Eq 1] 

1. Determine the frequency of the wave shown in the animation in part A .  

 
E. The  Wave Speed: 
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The speed with which a disturbance moves in a medium is a property of the medium.  
The speed will remain constant as long as the medium does not change. Sound travels at 
a speed of 343m/s in air at the temperature of  20 °C (68 °F). 
The speed of a wave can be determined by dividing the wavelength by the period. This is 
equivalent to multiplying the wavelength by the frequency: 

         λfv =       [Eq 2] 

1. From your measurements, determine the velocity of the wave in part  A.  

 
 
What you just described are the characteristics of a wave. 

 APPLICATION1: SOUND PRODUCTION BY THE LARYNX  
 
To understand the mechanism of human hearing, we also need to understand how sound 
is produced. Sound is generated in the larynx through the rhythmic opening and closing 
of the vocal folds. The larynx contains vocal folds that vibrate, causing the vocal tract to 
open and close.  This is where pitch and volume are manipulated. Below is a simplified 
diagram of the vocal tract around the larynx. The intrinsic muscles of the larynx alter the 
position, shape and tension of the vocal folds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: The larynx houses the vocal folds and is involved in sound manipulation and 
sound production.[12] 
 
The major parts of the vocal system that to play a significant role in producing sound are 
the lungs, the larynx (which includes the vocal folds), the oral pharynx and cavity, mouth, 
the nasal pharynx and cavity 
 
1. Can you describe the ways in which you make humming sounds differ from 
each other. 
 

trachea 

vocal 
 

vocal 
 

P
 

P
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2. Open your mouth so you can make an "ahhh" sound.  Can you change the 
loudness of your sound without changing the "ahhh" sound?  How do you do this? 
 
3. Make the "ahhh" sound again. Can you change whether it sounds high or low 
without changing the loudness?   
 
4. Try making the "ahhh" sound change into an "eeee" sound.  Change the sound 
again to change into “iiiih”,  then “uuuh”, then “oooh”. What must you do to accomplish 
this change? 
 
5. Now, try and make the same sound vowels as before, but this time without 
letting air in or out. Describe what happened.Why is it not possible? 
 
your vocal folds open and close when you exhale and inhale. Air from the lungs create 
pressure differences in the vocal chords which make it possible to open and close the 
vocal folds. For a vibration to occur, the pressure must be differences in the larynx 
(figure 5). 
6. Assume that the vocal folds are closed, as shown above.  What  has to be true 
about pressure P1 compared to pressure P2? To open them you must make the pressure 
P1 larger than P2.  What do you do with your body to accomplish this? 
 
7. Assume that the vocal folds have opened and a stream of air is moving 
through the opening.  Why do you think the vocal folds would start closing again? 
 
The opening and closing of the vocal folds in the laryx is due to pressure differences 
caused by chopping up a steady flow of air (inhale and exhale)into little puffs of sound 
waves, called triygergonus.  The vibration in the larynx is what generates sound. These 
vibrations then travel as waves carrying various information .When interpreted by the ear, 
we are able to hear the original sound of words, know the pitch, and such.  
 
 INVESTIGATION 3: THE SOUND AS A PRESSURE WAVE 
 
Sound is a transvelling wave which is an oscillation of pressure transmitted through a 
solid, liquid, or gas. This travelling wave is composed of frequency within the range of 
hearing and of a level sufficiently strong to be heard, or the sensation stimulated in 
organs of hearing by such vibrations. The sound we hear is a wave of pressure variation 
that propagates through air.  Consider a long, gas-filled cylinder with a piston on one end. 
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1. Right now, the pressure is uniform throughout the cylinder.  Let’s call this normal 
pressure P0. Now we push the plunger into the cylinder.  This causes a compression of the 
gas molecules. 
 

 
 
 
2. Now we pull the plunger back out of the cylinder. This causes a rarefaction of the gas, 
as shown. 
 

 
 
 
 
3. The compression/rarefaction pattern will now move down the cylinder. 

 
 
A crucial point about this picture is that while the pressure variation travels down the 
cylinder, the gas particles do not.  They move back and forth over a relatively small 
distance.  The picture is very similar to the motion of Slinky coils in a longitudinal wave. 
 
1. A PRESSURE DISTURBANCE IN THE CYLINDER DISCUSSED ABOVE AT 
A PARTICULAR INSTANT OF TIME CAN BE PLOTTED AS A FUNCTION OF 
POSITION ALONG THE CYLINDER AXIS. DRAW A QUALITATIVE GRAVE OF 
THE INITIAL WAVE 
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2. DRAW THE PRESSURE AS A FUNCTION OF POSITION AT THIS 
INSTANT OF TIME A FEW MILLISECONDS LATER. 

 
Our ears hear the sound our mouths produce because each vowel and letter has its own 
characteristics that distinguish it from the other. Vowel sounds in speech are determined 
by the shape of the vocal tract.  The shape determines allowed resonant frequencies.  
These frequencies are determined by the standing waves that can be supported by the 
vocal tract.  
 
 
  EXPLORATION 2:  SOUND WAVE CREATION AND PROPAGATION  

The creation and propagation of sound waves can be demonstrated through the use of a 

tuning fork. This is because vibrations  are necessary and responsible for the sound we 

produce and hear. A vibrating tuning fork, our voices, and animal calls are all due to 

some physical objects set into vibrations. In case of human voice, there is a pair of vocal 

chords in our throat. When the vocal chords vibrate, voice is emitted. Voice, tone and 

pitch depends on the physical nature of our vocal chords. The figures below show how 

sound is transmitted though air when a tuning fork is sounded. 

 

 

 

 

 

 

Figure 6: (a)When a fork is not vibrating there is no disturbance in the air. As the tuning 
fork continues to vibrate (b and c), a succession of compressions and rarefactions spread 
out from the fork. The waveform of the vibrations show crests correspond to 
compressions and troughs to rarefactions. 

The human speech is a progression of vibrations transmitted through the air just like a 
tuning fork. These waves carry various information  though the use of frequencies, 
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wavelengths, period and amplitude. When interpreted by the ear, we are able to hear the 
sound of words and determine the pitch.  

In this experiment, you will cord and analyze frequencies created by different sounds. 
You will generate  and analyze frequencies and amplitudes of your larynx and a tuning 
fork. The program in logger pro that you will use is a mathematical procedure called the 
Fourier transform that can give information about the frequencies present in a signal.   
Equipment: 
 
 DIN-BTA adapter  
 LabPro interface 
 ULI Microphone 

 Logger Pro 
 2 different tunning forks 
 A mallet 

 
Connect the Labpro cable to the computer. Use the DIN-BTA adapter to connect the 
microphone to the LabPro interface. Launch the LoggerPro program. Under the 
LoggerPro program menu bar, click open, then open the “physics with vernier” file. On 
this file open the program called “tones vowels telephone”. It should open with two 
graphs: pressure versus time on the top plot and amplitude versus frequency on the 
bottom plot. Gently hit the tuning fork with the mallet to create vibrations. Hold the 
tuning fork near the microphone, and observe the graphs produced. To record data, you 
will click collect.  
Print or sketch in your notebook the waveform and spectrum of the sound produced by 
the tuning fork.  
1. For your sound, frequency are emitted by the tuning fork?  
 
2. Try a different tuning fork. Are the frequencies produced the same as the previous 
tuning fork? 
 
The Volume and intensity: 

Close and then re-launch LoggerPro in order to change the setting.  Next produce a sound 
wave of varying volume by hitting the tuning fork harder and then softer. Observe what 
happens to the amplitude of the waveform as you change the volume of the tuning fork.   
 
3. Does the frequency change when you hit it hard verses when you hit it soft? 
 
4. Try some other sounds besides the tuning fork, like humming. Are the frequencies 
produced the similar to that of a tuning fork? How many frequencies do you observe? 
 
5.  Hum an “ahhh” sound into the microphone to obtain a Fast Fourier Transform of 
the sine wave signal.  What frequencies are present in this signal? 
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6.  Start humming the "ahhh" sound again into the microphone.  Without changing 
the pitch of your voice, change the sound from "ahhh" to "eee".  What happens to the 
frequencies shown on ? Record the corresponding frequencies for each sound. 
 
7. Record the sound produced by your larynx from your “ahhh” humming.  Does it 
produce one or multiple frequencies? 
 
8. What might you do to your larynx to change the intensity of the frequencies it 
produces without changing the actual frequencies?  Would changing the tension of the 
latex strips work?  Can you think of anything else? 
 
9. A tuning fork is often used to illustrate human sound production. How do the 
sound spectra and waveforms of your humming  compare to  those of a tuning fork?  
 
 APPLICATION 2: TESTING YOUR HEARING  
 
In today’s lab, you were able to define hearing as the ability to perceive sound by 
detecting vibrations via an organ such as the ear. Experiments have shown that a healthy 
young person hears all sound frequencies from approximately 20 to 20,000 Hz.  A 
hearing impairment can cause a full or partial decrease in the ability to detect sounds. 
Hearing loss has many causes, the most common being age. Trauma(sudden injury), 
prolonged exposure to high sound levels, diseases and congenital birth defects are among 
the other causes.  Neural hearing loss results from damage to the cochlea or neurons that 
send sound information to the brain.  Hearing correction include hearing aids. 
In this activity you will use  a frequency generator test your hearing. This frequency 
generator is similar to an audiogram test that is administered for hearing test 
 
1. PICK UP A FREQUENCY GENERATOR AND ATTACH IT TO A SPEAKER. 
ASK YOUR INSTRUCTOR FOR HELP IF YOU NEED IT. GENERATE A SERIES 
OF  SOUNDS WITH DIFFERENT FREQUENCIES STARTING FROM LOW TO 
HIGH. CAN YOU HEAR ALL THE FREQUENCIES? 
  
2. LIST ALL THE FREQUENCIES YOU CAN HEAR.  
  
3. HOW DO THE YOUR RESULTS COMPARE WITH THE REST OF  YOUR 
GROUP? EXPLAIN 
 
4. BASED ON YOUR RESULTS, CAN YOU CONCLUDE WHAT THE HUMAN 
HEARING RANGE IS? RECORD THIS RANGE. 
 
5. MAKE 3 DIFFERENT CONS USING THE PAPER ON YOUR TABLE. VARY 
THE CONE SIZES AND REPEAT THE FREQUENCY GENERATION. WHICH 
CONE CAN YOU HEAR BETTER WITH? WHY 
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6. EXPLAIN WHY THE OUTER EAR IS LIKE A CONE? 
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APPENDIX H: LAB 6: THE OPTICS OF VISION 

LAB 6: 
THE OPTICS OF VISION 

 

 

 

 

 

 

 

OBJECTIVES: 
 
 To use optics to examine and model the human eye 

 To examine image formation in a simple optical system 

 To investigate the geometry involved in image formation 

 To determine the focal length for a thin lens 

 
   OVERVIEW 
 

The human eye is a complicated organ which gives us the sense of sight. The eye allows 
us to see and interpret the shapes, colors, and dimensions of objects in the world by 
processing the light they reflect or emit.  

 
Our vision works by admitting light to the eye by the cornea (the corneal lens), passes 
through the pupil which is a hole in a variable diaphragm called the iris, travels through 
the crystalline lens, and impinges on the retina. A real inverted image is formed on the 
retina. Most of the focusing is done by the outer surface of the cornea. Further focusing is 
done by the crystalline lens. The shape and focal length of the crystalline lens can be 
changed by the ciliary muscles. Light reflected from an object enters the eye and a real 

  Adapted from the Pasco manual for the 
Model Human Eye 7/2012 
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inverted image is formed on the retina. For an eye with no pathologies an object at 
infinity will be in focus at the retina with the ciliary muscles fully relaxed (crystalline 
lens weakest). Infinity is called the “far point.” In today’s lab you will learn and explore 
the human eye and image formation.   
 
 INVESTIGATION 1: IMAGE FORMATION 
 
Lenses are essential elements in most optical instruments, from eye glasses to a 
magnifying glass to binocular, telescopes and microscopes. Lenses can be concave or 
convex. In a concave lens, parallel rays passing through the lens diverge. A convex lens 
focuses light from a distant source to one small point. The point at which a convex lens 
converges light rays is called the focal point of the lens. 
 
A. Converging Lenses 
Equipment: 
• 2 different converging lenses, 
• A screen,  
• Optical rail and holders,  
• An arrow shaped object light source, 
• Meter stick 
  
To observe the image of a distant object formed by a double convex lens, first mount the 
lens in a lens holder. Then mount a screen on a holder on the rail and light source far 
away from the lens. Align the light source, lens and the screen so that an image of the 
source appears on the screen. 
1. Move the screen until a sharp image of the filament of the light bulb is formed on 
the screen.  
2. Move the screen a few centimeters closer to the lens and further from the lens. 
Observe and describe what happens.  
 
When the object is at infinity (very far away), the image forms at the focal point. When 
the object is not at infinity, the image is not at the focal point. The picture below shows 
where the image forms for a point of light source very far away. When the object is at 
infinity, the light rays hitting the lens are approximately parallel. 
 
 
 
 
 
 
 
 
Figure 1: Parallel rays from a light source creating an image at the focal point a 
distance f from the object  
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B. The Focal Length 
For a single thin lens the following equation relates the focal length to the object and 
image distance. According to the thin lens formula, the focal length of a lens can be 
determined by 
 

qpf
111

+=  

This is called the thin lens equation. It relates the image distance q to the object distance 
p and the focal length f.  
 
 
1. Place the object at different distances from the lens, observe where a clear image 
forms.  
2. Is there a location where a clear image does not form? 
3. Place the object at different distances from the lens. Measure the distance of the 
object from the lens and the distance where the image from the  lens forms. Record the 
object and image distance in the table below. Also measure the height of the image. 
Observe whether the image is upright or inverted. 
4. Calculate the focal length from the thin lens equation. Report the results in the 
table. Compare it to the focal length found by observing an object very far away. 
 
Table 1: Image formation 
Object 
distance 
q(cm) 

Image 
distance 
p (cm) 

Image 
height (cm) 

The ratio of (-
(q/p) 

Upright or 
inverted 

[1/f] 

      
      
      
      
      
      
 
Magnification of lens 
How large an object appears and how much details we can see on it depends on the size 
of the image it makes on the retina. The magnification is given by  

0

ih qM
h p

= = −  

 
5. Is this equation consistent with your data? Explain. 
6. If you remove the screen, is the image there? 
7. Remove the screen. Place your head behind the location where the screen was 
(more than 50 cm from the lens), and look back towards the lens. Can you see the image 
from the space where the screen was? 



Texas Tech University, Vanalet Rusuriye, December 2012 

93 

8. Do this with a clear image of the arrow on the screen. Suppose you covered half 
of the side of the lens with a card, i.e., cover the top or bottom half of the lens. How 
would the image change?  
9. What if you covered the left or right half? Test your predictions and report your 
results 
 
 EXPLORATION 1:  THE HUMAN EYE SIGHT 
 
The eye uses a convex lens system to project a real image on the retina.  Both the cornea 
and lens of the eye act as convex lenses, projecting a real image on the retina.  
 
Complete the following exploration activities with your own eyes and record your results. 
(A)  How Do Your Eyes Accommodate? 
 
Look up from this paper at an object somewhere across the room and then look back at 
the paper.  Were you able to clearly see both the other side of the room and the paper?   
 
 This activity illustrates the process of accommodation, or focusing, for your eyes.   
(B)  What is Your Visual Acuity? 
 
 You can measure your own visual acuity.  Stand at the taped marker in the 
hallway and look at the eye chart hanging on the wall.  Only one group should do this 
activity at a time.   
 
 A person whose vision is rated 20/20 is able to see details at a distance of 20 feet 
as clearly as a "normal" individual would.  A rating of 20/15 is better than average for at 
20 feet the person can see details that would be clear for "normal" vision at 15 feet.  
When visual acuity falls below 20/200, the individual is considered to be legally blind. 
 
 Which lines on the chart can you read clearly?  What is your visual acuity at 
twenty feet?  Describe in your own words what this rating means. 

(C)  Where is Your Near Point? 
 
 Next, measure your near point.  That is, measure how close you can hold this page 
to your eyes and still see it clearly.  The typical near point for people is 25 cm (though it 
can be much closer when you are young).  The near point is the point that can be seen 
clearly with maximum accommodation of your eyes.  Record the distance of your near 
point.   
  Why do you think your near point changes with age? Discuss your ideas. 
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(D)  Your Blind Spot 

 A Blind spot is a spot in your visual field that you cannot see because it is 
obscured. At one location, called the optic nerve head, processes of neurons collect 
together and pass as a bundle through the photoreceptor sheet to form the optic, which 
carries information from the eye to the rest of the brain. At this location, there are no 
photoreceptors, and hence the brain gets no information from the eye about this particular 
part of the picture of the world. Because light striking this area goes unnoticed, it is 
commonly called the blind spot.  You do not usually notice a blank spot in your visual 
field because involuntary eye movements keep the visual image moving and allow the 
brain to fill in the missing information 
Locating your blind spot: 
  
1. Close your left eye and stare at the cross on Eye Chart #1 with your right eye, 
keeping it in the center of your field of vision.  Begin with the page a few inches away 
and gradually increase the distance as you keep staring at the cross.  Note how far the 
paper needs to be away from your eyes to have the dot "disappear."  Watch what happens 
if you continue to move it further away. 
 
2. Repeat this activity by closing your right eye and staring at the dot with your left 
eye. 
 

4. How far away does the paper have to be before the dot disappears and then 
reappears for each of your eyes? 

 
  

(E)  Astigmatism 

 Test your own eyes for astigmatism using the figure in Eye Chart #2.  Look with 
one eye at the center of the pattern. If you have astigmatism, sharply focused lines appear 
dark and those that are not in focus appear dimmer or gray. 
 Record your observations for your own eyes. 
 
 
 EXPLORATION 2:  THE EYE MODEL 
 

 Now that you have explored some of the properties of your own eyes, you will 

model the physical properties of the human eye with a human eye model. 

 
 Here is a brief description of the parts of the human eye along with their 
counterparts in the eye model. 
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Image of a Human Eye 

 
Figure 2: Major eye parts anatomy 
(Adapted from Pasco Human Eye Model 
manual 7/2012) 

 
Image of the eye model you will use in lab 

 
 
 
 

 
Part of a           

Human Eye 
 

General Description 
Part of the                     
Eye Model 

Cornea The first and most powerful lens of 
the eye’s optical system 

Meniscus lens C        
(Fixed in the eye model) 

Iris Controls the amount of light 
intensity that enters the eye’s optical 
system 

Aperture insert             
(Placed at position G1) 

Pupil The variable opening in the iris Aperture insert             
(Placed at position G1) 

Crystalline Lens Second lens of the eye’s optical 
system 

Lens insert               
(Placed at position L) 

Ciliary Muscle Muscles controlling the curvature of 
the crystalline lens 

 

Vitreous Humor Clear colorless jelly that fills the 
eyeball 

The eye model is filled 
with water. 

Retina Light sensitive membrane distributed 
over the back of the eyeball 

Curved screen         
(Placed at position R) 

Fovea The most sensitive region of the retina Dashed markings on the 
curved screen. 

Optic Nerve Conducts visual stimuli to the brain Shown as the spot on the 
curved screen. 

 
 (A)  Modeling Accommodation with the Eye Model 
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Looking at far away objects… 

1. Put in the iris of the eye in the slot G1. Set up a light source 4 or 5 meters away 
from the eye model.  69 

2. Describe the object and describe precisely how the image looks on the retina.  
Comment on important features like the size of the image, if it is right side up or upside 
down, etc. 

 
 
3. Find a spherical lens to insert into the groove L that gives a clear, sharp image of 
the far away object on the retina.   

4. Record both the power of this lens in diopters and its focal length in meters.  
Describe how the new image looks on the retina.  Note the characteristics of the image 
including: whether it is erect or inverted, the image size compared to object size. 
 
 
 
Looking at near objects… 

1. Without changing anything in the eye model, turn the model so it is looking at a 
near object (namely, the light box).  Position the light box with the radially -slotted 
pattern 35 cm in front of the model’s cornea.   
 
2. Sketch the image of the light box on the retina and describe how it looks.   
 
 
3. How does the quality of the image compare to the image that was formed when 
the model was looking far away? 
 
 
Accommodating for near objects 

1. Replace the crystalline lens with one that makes the image of this near object 
clear.   
2. Record your observations and lens choice.  Carefully describe this image along 
with any notable characteristics. 
3. How does the crystalline lens needed for the model to have clear far vision 
compare to the lens needed to clearly view near objects?  Is this in agreement with your 
answer to question #4a? 
 
 
4. How does the image that is formed on your retina differ from what your brain 
tells you that you are seeing?  Explain.  
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5. How does the process of accommodation for your real eyes compare to and differ 
from the process of accommodation of the eye model? 
 
6.  6.    During the remainder of this lab, you will be modeling the eye's function when 

it is looking at near objects.  Therefore, you must leave the crystalline lens for near 
vision in place (position L) for the remainder of the lab. 

 
   INVESTIGATION 1:  FARSIGHTED AND NEARSIGHTED VISION 
 
Two of the most-common defects that occur with human vision are farsightedness and 
nearsightedness.  These two conditions are briefly defined here. 
(a)   Is vision still possible for someone who has a lens removed?  Explain. 
 
 
    (b) What do you need for the eye to see clearly?  With this eyeglass lens, at 
what distance(s) is the image still distinct?  Would another lens allow vision at another 
distance?  Test your hypothesis and describe the results. 
 
 
  
 
Farsightedness: 
 
 Someone with farsighted vision is only 
able to clearly see objects far away.  
Farsightedness (hypermetropia) occurs if a 
person’s eyeball is "short."   This results in 
parallel light being focused behind the retina. 

 

 

  Adapted from the Pasco manual for the 
Model Human Eye 7/2012 
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Nearsightedness:  
 
 Someone with nearsighted vision is 
only able to clearly see near objects.  
Nearsightedness (myopia) occurs if a person’s 
eyeball is "long."  This results in parallel light 
being focused in front of the retina. 

 

  

  Adapted from the Pasco manual for the 
Model Human Eye 7/2012 
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APPENDIX I: LAB 7: POTENTIAL, ELECTRIC FIELD AND ELECTRICAL 
PROPERTIES OF THE HEART 

LAB 7: 
POTENTIAL, ELECTRIC FIELD AND ELECTRICAL PROPERTIES OF 

THE HEART 
 
 
 
 
 
 
 
 
 
 
 
 
 
OBJECTIVES: 
 
 To learn about the nature of charge and explore the interactions of charged objects 

 To understand the concept of electric field.  

 To explore graphically the electric field around a system of point charges. 

 To understand concept of electric potential. 

 To explore the potential and electrical properties of the heart and muscles. 

 
 OVERVIEW 
 

Electric fields play a very important role in the nature of living organisms. The human 
central nervous system, for example is an electrical system far more complex than is 
found in the most advanced computers. Electric charge and its force play an even deeper 
role in our lives.  It holds molecules together to form liquids and solids. Not only that, 
every cell in your body is electrically active. These body cells pump ions across the cell 
membranes to maintain an electrical potential difference across the membrane. There are 
various reasons for maintaining these membrane potentials.  Electric potential is involved 
in the propagation of nerve impulses in human motor neurons. We will cover the role of 
potential in determining the electrocardiogram of a heart. An electrocardiogram (ECG / 
EKG) is an electrical recording of the heart and is used in the investigation of heart 
disease. 
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   EXPLORATION1: THE ELECTRIC CHARGE 
 
1. Have you ever touched the metal door handle of your car or a door knob, or walk 
across a rug and got static electric shock?  Why do we experience a shock? 
 
2. Does that tell you anything about the human body? 

 
3. Do you think electricity plays a role in the human body? If so what role does 
electricity play in the human body? 

 
4. Why do you think doctors shock a patient in the heart using a defibrillator (a 
therapeutic device that delivers electrical energy) to revive them? 
 
 

 INVESTIGATION 1: INVESTIGATION OF ELECTRIC CHARGE  

Equipment: 

 Scotch tape, 
 PVC pipe 
 Glass rod 
 A piece of fur 
 A piece of silk 
 Pith ball hung from non 
conducting threads 

 Metal coated pith ball hung from 
 non conducting threads  
 Empty soda can 
 Electroscope 
  Large piece of metal 

1. Obtain a 10 cm strip of scotch tape. Fold one end of the tape to make a non-sticky 
handle. Place the tape on the table with the sticky side down. Peel the tape off the table 
and slowly bring the non-sticky side of the tape toward a partner’s strip. What happens as 
the tapes get closer? 

  
2. You and your partner should each place a strip of tape with a non-stick handle 
sticky side down on the table. Label the tapes “B” for bottom. Then you should each 
press another tape with a non-stick handle on top of the “B” tape. Label the top strip of 
tape “T” for top. Pull the T and B pair of tapes together off the table. Then separate the T 
and the B tapes. 

 
3. Test the interactions between the two B tapes, by slowly bringing the two B tapes 
together. How do the two B tapes interact with each other? 
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4. Test the interaction between a T and B tape, by slowly bringing a T and a B tape 
together. How do a T and a B tape interact? 

 
The tapes are said to be charged.  

5. How do objects with the same charges interact?  

 
6. How do objects of different charges interact? 

 
7. Create a table that indicates how the charges interact.  

8. How many charges do you have evidence for?  Could there be other charges?  

 
9. The common names for the two types of charges are arbitrarily designated as 
positive (+) and negative (-).All ordinary objects contain both negative and positive 
charge. Particles called electrons carry negative charge, and particles called protons carry 
positive charge.  

 
10. In the cases above, how does the distance between the tapes, affect the interaction 
between them? 

 
11. Is the force between charges stronger when the tapes (charges) are closer or when 
they are further apart? 

 
Electric charge is a fundamental conserved property of subatomic particles. Electrically 
charged matter is influenced by, and produces electromagnetic fields. The SI unit of 
quantity of electric charge is the coulomb (C); the charge of an electron is qe =1.602 x 
10−19 C. 
 
Coulomb’s law: 
The quantitative expression for the force between stationary charges (the electric force) is 
called the Coulomb’s law.  The force between two point charges varies inversely with the 
square of the distance between the charges. This can be written mathematically as:  

2
21 )(.

d
qqkF =  
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Where F is the force, q1 and q2 are the charges, and d is the distance between the charges. 
k is the proportionality constant  of 8.987 × 109 N·m²·C−2. 
 
 INVESTIGATION 3: ELECTRIC FIELDS  

When charged objects are fixed in space, a second charged 
object placed nearby will experience a force. The Electric 
field is defined as the force that would be experienced by a 
small positively charged object  placed at that point 
divided  by the charge of the object: 

q
FE



=   

Where E is the electric field, F is the force and q is the charge. The units of electric field 
are N/C. 

Many common forces might be ref erred to as “contact forces” such as your hands 
pushing or pulling a cart, or a tennis racket hitting a tennis ball. In contrast, both the 
gravitational and the electric force act over a distance; they exert a force on one another 
even when the objects are not touching. 

To investigate the nature of an electric field, use a negatively charged, metal-coated ball, 
suspended from a string, as the test charge.  Charge the ball by touching it with a rubber 
rod that has been rubbed with rabbit fur. Charge up the rubber rod by rubbing it with 
rabbit fur and place it in an insulating stand in a vertical position.  Now hold the test 
charge by its string and move it around the rod.  Note the direction and magnitude of the 
force at various locations around the rod. 

 

1.  Make a qualitative sketch of some of the electric field at the points in space 
marked on the following diagram by drawing an arrow that represents the strength of the 
field.  The length of each arrow should indicate the strength of the field (that is, if the E-
field is stronger at one point than another, make its vector longer).  The direction of the 
vector should indicate the direction of the field.  Put the tail of the vector at the location 
of interest. 

  

 

 
2. How would the diagram change if the negatively charged rod were replaced with 
a positively charged rod?   
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3. Draw the new diagram below. 

 
 
 
 
 
 
 
 

 Check with an instructor. 

4.  Suppose you had two charged rods, one charged positively and one charged 
negatively, about 3 cm apart. Predict the relative magnitude and the direction of the 
electric field at each point indicated in the diagram below. Explain your reasoning for 
your predictions.  

 
   

 

  

5. Check your predictions by performing the experiment. 
6. The principle of superposition states that the electric field at a point in space can 
be found by the vector addition of the electric fields at that point in space due to all 
charged objects.   Is this consistent with your answers to part 1 and part 3 above? 

  
 

 INVESTIGATION 3: ELECTROMAGNETIC FIELD 

 You have been representing the electric field due to a configuration of electric charges 
by an arrow that indicates magnitude and direction. This is the conventional 
representation of an electric field.  An alternative representation of the electric field 
involves defining electric field lines.   

 Below is a series of diagrams with electric field lines drawn for +1C, +2C, and -1C 
charges.   



Texas Tech University, Vanalet Rusuriye, December 2012 

104 

 

  

  

 

    

1. From looking at the diagrams how do you tell where the field is strongest? 
Explain.  How do you tell where the field is weakest? How do you tell the direction of the 
field? Explain. 

 
2. Based on the diagrams for electric field lines, draw a diagram with electric field 
lines for +3C charge. 

 
 
 
 
3. Draw an electric field line diagram for –4C charge. 

 
 
 
 
 
4.  Is there an electric field at points in space where there are no electric field lines 
drawn?  Explain. 

 
 Below is the electric field line diagram for two charges, +2C and –2C.   

 



Texas Tech University, Vanalet Rusuriye, December 2012 

105 

(Drawn in EM Field by D. Trowbridge and B. Sherwood, Physics Academic Software, 
1998) 

 Below is the electric field line diagram for two charges, -1C and +2C.   

  

 

 

(Drawn in EM Field  by D. Trowbridge and B. Sherwood, Physics Academic Software, 
1998) 

5. Draw an electric field line diagram for a -2C and -2C point charge in the space 
below.  

 
 
 
 
6. Determine a set of rules for drawing electric field lines for charges. Explain how 
your rule generates a diagram that contains information about the magnitude and 
direction of the electric field.   

 
 
7.  Discuss your rule with an instructor. 

 
 INVESTIGATION 4 : THE ELECTRIC POTENTIAL 

Potential energy can be defined as the capacity for doing work. In the electrical case, a 
charge will exert a force on any other charge and potential energy arises from any 
collection of charges.: Mathematically Potential is defined as  

                                                                         r
QkV =  

As with electric field, potential can be represented by a picture. We draw equipotential 
surfaces that connect points of the same potential. For example, the potential of a charge 
is same throughout the same radius circle.  
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Use the EM field program to draw equipotential lines for the charges above. Indicate 
where the strongest potential and how do you tell where the strongest potential is?  

Below is a picture of an electrical potential. Draw and indicate where the potential might 
be the same. The lines you just drew are called equipotential lines.  Meaning, the 
potential is equal in all the points on the circle.  

 Application1: Electrical Potential of Your Heart 
 
One of the most important electrophysiological measurements in medical diagnosis and 
patient care is that of the electrocardiogram (ECG , or EKG). Because the heart is an 
organ essentially made of muscles, every time it contrasts during the cardiac pumping 
cycle, it generates a spatio-temporal electric field coupled through the anatomically 
complex volume conductor of the thorax and abdomen to the skin where a spatio-
temporal potential difference can be measured. 
Our bodies store and use charge to transmit signals across nerves and to tell certain cells 
what to do and when to do it. The charges in your body set up an electric field. There is 
therefore a potential difference in your body. 
In the presence of static charges it takes work to move from one point to another if you 
move against the force of the electric field. The work done per unit charge in the moving 
from one point to another is called the electrostatic potential difference.  It is much easier 
to measure the electric potential difference than electric fields. We will discuss the 
electric potential differences produced by your heart. 
 Heart muscle cells are polarized when at rest.  This means that the cells have 
slightly unequal concentrations of ions across their cell membranes.  An excess of 
positive sodium ions on the outside of the membrane causes the outside of the membrane 
to have a positive charge relative to the inside of 
the membrane.  The inside of the cell is at a 
potential that is about 90 mV less than the outside 
of the cell membrane.  The 90 mV difference is 
called the resting potential. 
 The change in cell potential from negative 
to positive and back to negative is a voltage pulse 
called the action potential.  In muscle cells, the action potential causes a muscle 
contraction.   
 The effect of this depolarization and re-polarization for the entire heart can be 
measured on the skin surface.  Making such a measurement is called an 
electrocardiogram (EKG or ECG).  The depolarization of the heart also leads to the 
contraction of the heart muscles and therefore the EKG is an indirect indicator of heart 
muscle contraction. 

-
-

++ + +
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The heart’s conducting system 

includes: 

 The sinoatrial (SA) node in the 
wall of the right atrium. 

 The atrioventricular (AV) node at 
the junction between the atria and 
ventricles. 

 Internodal pathways that link the 
SA node to the AV node and 
conducting cells that connect the 
AV node to the ventricular muscle 
cells.  The conducting cells include 
those in the AV bundle, the bundle 
branches, and the Purkinje fibers. 

 

 
 

 
Conducting System of the Heart  
The group of cells that depolarize the fastest is called the sinoatrial (SA) node.  These 
cells are located in the right atrium of the heart.  The cells of the atria are all physically 
connected and therefore the depolarization of the cells of the SA node causes all the cells 
of both atria to depolarize and contract almost simultaneously. 
 When a portion of the heart is polarized and the adjacent portion is depolarized, 
this creates an electrical current that moves through the body.  This current is greatest 
when one half of the connected portion of the heart is polarized and the adjacent half is 
not polarized.  The current decreases when the ratio of polarized tissues to non-polarized 
tissues is less than one to one.  The changes in these currents can be measured, amplified, 
and plotted over time.  The EKG represents the summation of all the action potentials 
from the heart as detected on the surface of the body.  It does not measure the mechanical 
contractions of the heart directly. 
 This sample plot of voltage vs. time shows the important features of a sample 
EKG plot. 

Sinoatrial 
(SA) node 

AV node 

AV bundle 

Bundle 
branches 

Purkinje 
fibers 

Internodal 
pathways 
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 The small P wave accompanies 
the depolarization of the atria.  The atria 
begin contracting around 100 ms after 
the start of the P wave. 
 
 The QRS complex appears as the 
ventricles depolarize.  This is a 
relatively strong electrical signal 
because the mass of the ventricular 
muscle is much larger than that of the 
atria.  The ventricles begin contracting 
shortly after the R wave. 
 
 The smaller T wave indicates 
ventricular re-polarization.  The atria re-
polarize during the QRS complex and 
therefore this re-polarization is not 
separately measurable. 
 

 
Sample EKG plot 

USING AN EKG SENSOR: 
 Today you will each use an EKG sensor to measure the potential of your own heart.  

The sensors used in this laboratory will give us a good view of the electrical activity of 
the heart, but THEY ARE NOT FOR MEDICAL DIAGNOSIS.  The results do not 
reflect true medical studies. The interpretation of electrocardiograms for diagnosis 
requires significant training and experience. 

 
 Have one person in your group 
volunteer to be the first subject in your 
group.  Use the following guidelines to 
prepare to take an EKG measurement from 
this person. 
a.  Obtain a paper towel and a little 
rubbing alcohol.  Using the dampened 
paper towel, wipe off the area inside each 
elbow and the inside of the right wrist. 
b.  Obtain three electrodes from your 
lab instructor. Be sure to leave them in 
place until you have completed all of 
today’s activities.  

c. Firmly place the electrodes on your skin - one on your right wrist, one on the 
inside of the right elbow, and one on the inside left elbow (as pictured). 
d. Connect the sensor to the electrodes.  The reference (black) lead should be 
connected to your wrist.  This lead will be the "flat line" potential on your EKG.  The 
positive (red) lead should be connected to the electrode on your left elbow.  Finally the 

P wave

Q

R

S

T wave

QRS 
com plex

Q-T Interval

S-T IntervalP-R 
In terval

positive 
(red) 

negative 
(green) 

reference 
(black) 
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negative (green) lead should be connected to the electrode on your right elbow.  Try to 
adjust the wires so that they are not twisting or pulling on the electrodes. 
 
 
 INVESTIGATION 3:  ELECTRICAL POTENTIAL OF YOUR HEART 
 
Once you are safely and securely connected to the EKG sensor, remain fairly still and 
breathe normally.  Someone else should operate the computer while data is collected for 
your heart.  Setup the DataStudio software to collect and graphically display data from 
the EKG sensor (file MBL – EKG Sensor).    
Each person in your group should collect their own EKG data (unless you have a medical 
or personal reason that makes this inappropriate).  Once you have collected a "good" set 
of data, print 1 copy for your own logbook.   
Disconnect the EKG sensor from the electrodes, but leave the electrodes attached to your 
arms.  The next person in the group should collect their own set of data.   
1. Using your data, determine the following quantities (a-e). Explain any 
calculations.  
a. Peak-to-peak value of the voltage between the R wave and the S wave. 
 
b. The P-R time interval. 
 
c. The Q-R-S time interval. 
 
d. The Q-T time interval. 
 
e. The frequency of your heart during the testing (in beats/min and in Hz)? 
 
 
 INVESTIGATION 4 – EKG AFTER MILD EXERCISE 
 
 Once each member of your group has completed their own EKG and printed their 
graph, you are ready to study the effect of mild amounts of exercise on your EKG.  Have 
at least one volunteer from your group complete this experiment. 
1. Stand up and exercise for three minutes (jog in place, "step in time," walk up and 
down the stair case, walk briskly around the hallway, ...).  After the three minutes are up, 
then sit back down and get reconnected to the EKG sensor as quickly as possible.  Collect 
a new set of data. 
2. Answer question 8 (a – e) for this new data set. 
3. Briefly describe the exercise that you completed.  What effect did the exercise 
have on your EKG?  What things seemed unaffected? 
 
4. What would happen if you switched the red and green leads?  Try it out 
experimentally and make a sketch of your results in your logbook (do not bother printing 
this graph).  Explain any differences that may occur due to this change. 
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5. Exercising or drinking cold water 
immediately before an ECG may cause false results. Why do you think this is?  
 
 
 
INVESTIGATION 5 – ELECTRICAL POTENTIAL OF A BICEP MUSCLE 
 
1. Have one person in your group volunteer to be the subject for this experiment.  
Try to pick someone who is wearing short sleeves. 
a. se a damp paper towel to wipe off 
the area at the top and at the bottom of the 
bicep muscle on the arm without an 
electrode on the wrist. 

b. Firmly place electrodes on your 
skin so that you have 1 on your right wrist, 
1 on the upper portion of the left bicep, 
and 1 on the lower portion of the left bicep 
(as pictured). 

c. Connect the sensor to the 
electrodes.  The reference (black) lead 
should be connected to your wrist.  The 
red and green leads should be connected 
to the bicep muscle area.  Try to adjust the 
wires so that they are not twisting or 
pulling on the electrodes. 
2. You will now prepare to collect 
data when the subject is relaxing his/her 
bicep muscle and when he/she is flexing 
the muscle.  A good technique for flexing 
the muscle is to lift up on the table.  
Whether flexing or relaxing the muscle, 
try to stay as stationary as possible.  

3.  

4. Describe and sketch the behavior of the data for this muscle. Does the muscle 
generate a potential difference when it is flexed?  Explain. 

 
5. In your own words, explain the purpose of the "goop" that is on the electrodes.  
Why do medical technicians and patients need to be extremely careful about the 
equipment that is connected to patients? 
 
6. Based on the data collected in your lab group and at least one other, what is an 
"average" amount of time between the start of depolarization of the atria and the start of 
the depolarization of the ventricles for a human heart? 

reference 
(black) 

positive 
(red) 

negative 
(green) 
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7. Based on the data collected in your lab group and at least one other, what is an 
"average" amount of time required for the depolarization of the ventricles and the 
subsequent ventricular re-polarization for a human heart? 
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APPENDIX J: LAB 8 BATTERIES, BULBS, AND CURRENT 

 
LAB 8 

BATTERIES, BULBS, AND CURRENT 

 
 

OBJECTIVES: 
 
 To understand how a potential difference (voltage) can cause an electric current 

through a conductor. 

 To learn to design and construct simple circuits using batteries, bulbs, wires, and 

switches 

 To learn to draw circuit diagrams using symbols 

 To understand the measurement of current and voltage using microcomputer-

based probes 

 To understand currents at all points in simple circuits 

 

 OVERVIEW 
 

In the following labs, you are going to discover and extend to study about electric charge 
and potential difference (voltage) in the context of electric circuits. A battery is a device 
that generates an electric potential difference (voltage) from other forms of energy. The 
type of batteries you will use in these labs are known as chemical batteries because they 
convert internal chemical energy into electrical energy. As a result of a potential 
difference, electric charge is repelled from one terminal of the battery and attracted to the 
other. However, no charge can flow out of a battery unless there is a conducting material 
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connected between its terminals. If this conductor happens to be the filament in a small 
light bulb, the flow of charge will cause the light bulb to glow. 
 
In this lab, you are going to explore how charge flows in wires and bulbs when energy 
has been transferred to it by a battery. You will be asked to develop and explain some 
models that predict how the charge flows. You will also be asked to devise ways to test 
your models using current and voltage probes which can measure the rate of flow of 
electric charge and the potential difference (voltage), respectively, and display these 
quantities on a computer screen. 
 
 
 INVESTIGATION 1: MODELS DESCRIBING CURRENT 
 
What is electric current? The forces between objects that are rubbed in particular ways 
can be attributed to a property of matter known as charge (static electricity). Most 
textbooks assert that the electric currents though the wires connected to a battery are in 
motion. How do we know this? Perhaps current is something else another phenomenon. 
 
A:  Arrangements That Cause a Bulb to Light 
 
At your table are a single standard battery, a single light bulb, and a single wire.  Connect 
them to find the arrangements in which the bulb lights and some in which the bulb does 
not light.  
 
7.  Sketch below two different arrangements in which the light bulb lights 
 
8.  Sketch below two different arrangements in which the light bulb does not 
light. 
 
9.  Describe as fully as possible what conditions are needed to light a bulb. 
Explain why the bulb fails to light in the arrangements in which the bulb does not light.  
 
10. Show your configurations to your instructor.   
 
Next you will explore which types of materials connected between the battery and bulb 
allow the bulb to light and which do not.  
 
B:  Other Materials Between the Battery and Bulb 
Set up the single wire, battery, and bulb so that the bulb lights, e.g., one of the 
arrangements  
drawn in your answer to question 1-6. Then, with the help of your partner, stick a variety 
of common objects available between the battery and the bulb. 
 
1.  List some materials that allow the bulb to light 
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2.  List some materials that prevent the bulb from lighting 
 
3. Since it seems that something flows from the battery to the bulb, we refer to 
materials that allow this flow as conductors and those that don’t as nonconductors 
(insulators)  
 
You can make it easier to hold your circuits together by using a battery holder and a bulb 
socket. Add a switch in the circuit.  
 
Equipment: 
 Battery holder (for D cell) 
 Several wires (6 inches or more 
in length) 

 Flashlight bulb socket 
 Contact switch 

 
C:  Exploiting the Batter holder, Bulb, Socket and Switch  
 
1. Examine the bulb carefully. Observe what happens when you unscrew the bulb. 
Examine the bulb closely. Use a magnifying glass, if available. Figure 1 shows the parts 
of the bulb that are hidden from view. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Wiring inside a light bulb 
1. Explain why the filament of the bulb is connected this way. 
 
2. Explain how the bulb socket works. Why doesn’t the bulb light work when it is 
unscrewed?  
 
3. If you were to set up the configuration shown in Figure 2, would the bulb light 
with the switch open? Closed?  Explain your predictions. 
 
 
 
D: Developing a Model for Current in a Circuit 
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Figure 2: A circuit with a battery, switch, and bulb holder. 
 
1. Wire the circuit shown in Figure 2 and test it. 
2.  What did you feel? Besides giving off light, what happens to the bulb when there 
is a current through it? 
 
3.  What do you conclude about the path needed by the current to make the filament 
heat up and the bulb glow? Explain. 
 
 
 
4. You will now explore models for current in a simple circuit. The circuit to be 
considered is shown in figure 2 with the switch closed. Figure 2 shows several models for 
current in this circuit that are often proposed.  
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5. Which model do you think best describes the current through the bulb? After you 
make your predication, talk things over with your partner. Explain your reasoning. 
 
6.    After you have discussed the various ideas with your partner, and chosen your 
favorite model, you can test your prediction. You will use one or more current probes in 
your circuit to measure current. In addition to the battery, bulb, and wires you used 
above, you will need the following equipment: 
 
Equipment: 
• Computer-based laboratory system 
• Two current probes 
• Real-Time Physics Electric Circuits Experiment configuration files 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To measure the current through a part of the circuit, you must break open the circuit at 
the point where you want to measure the current, and insert the current probe. That is, 
disconnect the circuit, put in the current probe and reconnect with it in place. For 
example, to measure the current in the bottom wire of the circuit in figure 3, the current 
probe should be connected as shown in Figure 4. 
Note that the current probe measures both the magnitude and direction of the current. A 
current in through the + terminal and out through the Lab - terminal (in the direction of 
the arrow) will be displayed as a positive current. Thus, if the current measured by the 
probe is positive, you know that the current must be counterclockwise in Figure 4 from 
the + terminal of the battery, through the bulb, through the switch, and toward the - 
terminal of the battery.  
On the other hand, if the probe measures a negative current, then the current must be 
clockwise in Figure 2 (flowing into the - terminal and out of the + terminal of the probe). 

Figure 4: A circuit with a battery, bulb, switch, and current probe connected to the 
computer interface. 
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 Figure 5(a) below, shows a simplified diagram representing a current probe connected as  
in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Look at Figure 5(b) and convince yourself that if the currents measured by current probes 
1 and 2 are both positive, this shows that the current is in a counterclockwise direction 
around all parts of the circuit. 
You will use one or more bulbs and one or more current probes for the next activity. 
Design measurements that will allow you to choose the model (or models) that best 
describe the actual current through the circuit. (For example, to see if the current has a 
different magnitude or direction at different points in a circuit [model B or model C in 
figure 3] you should connect two current probes in various locations around the circuit as 
in Figure 5b, to measure the current). 
Predication 1-3: Use Table 1-1 to describe how the readings of current probe 1 and 
current probe 2 in the circuit in Figure 5b would compare with each other for each of the 
current models described in figure 3. 
 
 Probe Positive, negative, 

or zero 
CP1>CP2, 
CP1<CP2, 
Or  CP1=CP2, 

Model A CP1   
CP2  

Model B CP1   
CP2  

Model C CP1   

Figure 5 (a) current probe connected to measure the current out of the + 
terminal of the battery and into the bulb; (b) Two current probes, one 
connected as in (a) and the other connected to measure the current out of 
the switch and into the - terminal of the battery. 
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CP2  
Model D CP1   

CP2  
 
Activity 1-5: Developing a Model for Current in a Circuit 
1. Be sure that current probes 1 and 2 are plugged into the interface. 
2. Open the experiment file called Current Model (L01A1-5). The two sets of axes 
that follow should appear on the screen. The top axes display the current through probe 
1and the bottom the current through probe 2.  
The amount of current through each probe is also displayed digitally on the screen 
3. Be sure to calibrate the probes, or load the calibration. Zero the probes with them 
disconnected from the circuit. 
4. To begin, set up the circuit in figure 5b. Begin graphing, and try closing the switch 
for a couple of seconds and then opening it for a couple of seconds. Repeat this several 
times during the time when you are graphing. Sketch your graphs on the axes, or print 
your graphs and affix them over the axes. 
Note: You should observe carefully whether the current through both probes is essentially 
the same or if there is a significant difference (more than a few percent). 
 
     
     
     
     
 
     
     
     
     
0                        2                           4                           6                          8                          10 

Time (s) 
5.  Did you observe a significant difference in the current at these two locations in the 
circuit, or was the current the same? 
 
6. Try any other tests you need to decide on current model among the choices in figure 
3, or any others you come up with. Sketch drawings of the circuits you used, showing 
where the probes were connected. Print all graphs, label them and affix them below. 
 
 
 
7. Based on your observations, which model seems to correctly describe the behavior 
of the current in your circuit. Explain based on your observations. 
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 INVESTIGATION 2: CURRENT AND POTENTIAL DIFFERENCE 
 
Since you know what it takes to get a light bulb to light, you can design and build some 
simple electrical devices before you learn more about what goes on in electric circuits.  
 
Equipment: 
 
 
 
  #14 bulbs and sockets 
 1.5-V D battery (must be very 
fresh alkaline) with battery holder 
 6 Alligator clip lead 

 Single-pole-single-throw (SPST) 
switch 
 Single-pole-double-throw (SPDT) 
switch 
 Double-pole-double-throw (SPDT) 
switch 
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E: Circuit diagrams 
Now that you have been wiring circuits and drawing diagrams of them you may be 
getting tired of drawing pictures of the batteries, bulbs and switches. There are series of 
symbols that have been created to represent circuits. A few of the electric circuit symbols 
are shown in Figure 6. 
 

 
Using these symbols, the circuit with a switch, bulb, wires, and battery can be sketched as 
on the right in Figure 10. 
 
 
 
 

 
 
 Figure10: A circuit sketch and corresponding circuit 

diagram 
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E: Drawing Circuit Diagrams 
 
Nicely sketch a neat circuit diagram for the circuits shown below. 
 
 
 
 
 
On the battery symbol, the long line represents the positive terminals. 
 
F: Current and potential Difference 
 
There are two important quantities to consider in describing the operation of electric 
circuits. One is current, and the other is potential difference, often referred to as voltage. 
In activity … you measured the current at two different positions in a circuit. Now, as an 
introduction to our studies of more complex circuits, let’s measure both current and 
voltage in a familiar circuit.  
 
In addition to the equipment you have been using so far, you will need: 
Equipment: 
• Computer based laboratory system 
• Two voltage probes 
• Two current probes 
• Real-Time physics Electric Circuits experiment configuration files 
 
Figure 11 shows the symbols we will use to indicate a current probe or a voltage probe. 
 
 
 

 
Figure 11: Symbols for current probe and voltage probe. 
 

Figure 12a shows our simple circuit from figure 3 with voltage probes connected to 
measure the voltage across the battery and the voltage across the build. The circuit is 
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drawn again symbolically in figure 12b. Voltage probes are connected in parallel to or 
across the circuit element that is to be measured. 

 

A: Measuring Potential Difference (voltage) and Current 

1. To set up the voltage probes, first unplug the current probes from the interface 
and plug in the voltage probes. 
 

 
 

 

Figure 12: a) shows our simple connection from figure 3 with voltage probes connected 
to measure the voltage across the battery and the voltage across the build. b) shows a 
circuit diagram of the same thing 

 

2. Open the experiment file called two voltages L2A2-1a to display the axes for two 
voltage probes that follow.  
3. Zero the voltage probes with them disconnected from the circuit 
4. Connect the circuit shown in Figure 12, but do not connect the probes yet. 
5. First connect both + and the – clips of one voltage probes together. Observe the 
reading. Next connect both clips to the same point in the circuit.  Close the switch. 
6. Finally connect the + clip to the + end of the battery and the – clip to the side of 
the bulb indicated with a + in Figure 12. Close the switch 
7.  What do you conclude about the voltage when the voltage probe leads are 
connected to the same point or to the two ends of the same wire? 
 
 
 
     
     
     

Two voltage probes connected to measure the voltages across the battery and the bulb 
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8.  In the circuit in Figure 12, how would you expect the voltage across the battery 
to compare to the voltage across the bulb with the switch open and closed? Explain. 
 
9. Now test your prediction. Connect the voltage probes to measure the voltage 
across the battery and the voltage across the bulb simultaneously. 
10. Begin graphing, and close and open the switch several times. Print your graphs 
and affix them over the axes above, or sketch them on the axes. 
11.  What do you conclude about the voltage across the battery and the voltage across 
the bulb when the switch Is open and when it is closed? Are the graphs the same? Why or 
why not?  What is going on as the switch is closed and opened? 
 
12. What happens to the voltage across the battery when the switch is opened and 
when the switch is closed? 
 
13. Now connect a voltage a current probe so that you are measuring the voltage 
across the battery and the current through the battery at the same time (see figure 13). 
14. Open the experiment file called current and voltage (L01A2-4b) to display the 
current and voltage axes as follow. 
 

 

 

 

 

 

 

15. Begin graphing, and close and open the switch several times, as before. Sketch 
your graphs, or print them and affix over the axes.  
 

     
     
     
     

Figure 13: Probes connected to measure the voltage across the battery and the current through it 
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16.  Explain the appearance of your current and voltage graphs. What happens to the 
current through the battery as the switch is closed and opened? What happens to the 
voltage across the battery? 
 
17. Find the voltage across and the current through the battery when the switch is 
closed and the bulb is lit? (You can use the digital display on the computer screen). 
 
18.  Now suppose you connect a second bulb in the circuit, as shown in Figure 4. 
How do you think the voltage across the battery will compare to that with only one bulb? 
Will it change significantly? What about the current in the circuit and the brightness of 
the bulbs? Explain. 
 
Connect the circuit with two bulbs, and test your prediction. Take data. Again measure 
the voltage across and the current through the battery with the switch closed. 
 

 
 

 

 

19.  Did the current through the battery change significantly when you added the 
second bulb to the circuit (by more than several percent) 
 
20.  Did the voltage across the battery change significantly when you added the 
second bulb to the circuit (by more than several percent)? 
 

Figure 14: Two bulbs connected with voltage and current 
probes 
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21.  Does the battery appear to be a source of constant current, constant voltage, or 
neither when different elements are added to a circuit? 
 
 

    INVESTIGATION 5: RESISTANCE AND OHM’S LAW 
 

While voltage is the cause of electric current, anything that impedes current is called 
resistance; the greater the resistance the lower the current. The electrical resistance of an 
object is a measure of its opposition to the passage of a steady electric current.  It is 
measured in ohms (Ω ). 

 

Ohm's Law states that the voltage is equal to the ratio of current times the resistance. 
IRV =  

1.  Does this agree with your results? Explain. 
 
 

    APPLICATION 1: YOUR BODY'S RESISTANCE: 
 

Using the digital multi-meter and two banana leads, measure the resistance of your body 
by   holding a lead in each of your hands.  Record the values for each member of your 
group. 

1. Based on Ohm’s law and the resistance of your body, what would you predict to 
be the current that would go through your body if you held one terminal of a 1.5 V 
battery in one of your hands and the other terminal in the other hand?  
 
2.  What if you held one terminal of a 110 V power source in one of your hands and 
the other terminal in the other hand? 
 
3. What are ways you can protect yourself from being electrocuted? Explain why. 
(Hint. Conductors and insulators) 
 
4. Compare your resistance with your lab group. Why do you think different people 
give different resistance values?  What variables could influence the measurement?  
Explain why you think they would make a difference. 
 
The salty fluids within the human body are electrical conductors. The interior resistance 
of an arm (from hand to shoulder) can be estimated to be less than 100 Ω.  Any voltage 
applied across this internal resistance will cause currents to flow and heat to be generated.  
If currents are large or the connection time is long, then this heat will be sufficient to 
cause burns that destroy tissue.  
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Within the body, the tissues with the greatest resistance are bone and fat - nerves and 
muscle have the least resistance.  That said, the majority of the body’s resistance is in the 
skin - the dead, dry cells of the epidermis (the skin’s outer layer) are very poor 
conductors.  Depending on the person, the resistance of dry skin is usually between 
1,000-100,000 Ohms.  The skin’s resistance is much lower if it is wet or 
burnt/blistered.  This means that when a person is electrocuted in real life, the body’s 
resistance drops as the skin is burned. It is the current that kills you, not the potential. For 
example, a twelve volt battery can kill you more than a 120V can depend on the current 
and the resistivity. 
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APPENDIX K: LAB 9: MODELING A NEURONAL PULSE SIGNAL IN RC 
CIRCUIT CIRCUIT 

LAB 9: 
MODELING A NEURONAL PULSE SIGNAL IN RC CIRCUIT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
OBJECTIVES: 
 
 Modeling a neuronal pulse in RC circuit 

 To learn how a signal is transmitted in your body 

 To understand how capacitors behave as elements in circuits 

 To learn about the capacitor like behavior of cell membranes 

 To explore how the charge on a capacitor and the current through it changes with 

time  

 To determine how body signals are produced and related to potentials  

 
 OVERVIEW 
 
Electrical processes are essential to the working of the human body.  The transmission of 
information in the body is an electrical phenomenon.  For example, sensory information 
is transmitted from the skin of your foot to your spinal column via nerves.  Each nerve 
consists of a bundle of nerve cells where each nerve cell is called a neuron.  When we 
talk about the nervous system sending signals to the brain, or synapses firing, or the brain 
telling our hands to contract around a door handle, what we're talking about is electricity 
carrying messages between point A and point B" Except in our bodies, electrons aren't 
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flowing along a wire; instead, an electrical charge is jumping from one cell to the next 
until it reaches its destination.  
  
 
 
 
 A Neuron A Neuron Pulse 

    
Figure 1: A neuron receives stimuli at the input end and creates a signal that is 
transmitted across the axon to the output end.  The length of the axon varies considerably, 
depending on its function and placement in the body. [6] 
   
The axon membrane is usually positive on the outside and negative on the inside. The 
potential difference between the membranes is typically about 70 mV.  However, when a 
stimuli (such as the sensation of heat) interacts with the neuron, the potential difference 
rapidly changes so that the inside of the membrane has a potential of about 40 mV higher 
than the outside.  This new potential difference rapidly decreases to its original value, 
sending a wave pulse along the axon. 
 
  EXPLORATION 1: 
 
1. Pick up a block from your table. What color and shape is it?  How do you think 
your brain determine that? 
 
2. How you think the information travels to get to the brain? 
 
3. What factors do you think could affect the time it takes for the signal (wave pulse) 
to be transmitted from the input end to the output end?  Explain your ideas. 
 
 

 

Output End 

Input End 

Axon 

V (mV) 
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 INVESTIGATION 1: CHARGE INSIDE THE BODY – A CLOSE LOOK 
AT CELL MEMBRANES 
 
 Our bodies store and use charge to transmit signals across nerves and to tell 
certain cells what to do and when to do it. 
 Cells have slightly unequal concentrations of ions across their cell membranes 
(See picture below).  An excess of positive sodium ions on the outside of the membrane 
causes the outside of the membrane to have a positive charge relative to the inside of the 
membrane.   
Depiction of A Cell Membrane 
 
 
 

 
 
 
 
 Figure 2:  
 
 This imbalance of charge across a cell membrane is very important.  In order to 
understand how the human body can transmit signals, one needs to understand the 
physics of how charges can be stored and transmitted.  Today you will examine a model 
(called a capacitor) of the cell membrane.   
 
A: INTRODUCTION TO CAPACITORS 
 A capacitor is a device made from two conductor plates of arbitrary shape.  A 
capacitor is stores charge and is said to be charged when its plates carry an equal amount 
of opposite charges, +q and -q.   
 In general, the amount of charge needed to reach the appropriate potential 
difference will depend on the size, shape, and location of the conductors relative to each 
other.  The capacitance of a given capacitor is defined mathematically as the ratio of the 
magnitude of the charge, q, on either one of the conductors to the electric potential 
difference, V, applied across the two conductors so that  

C =
q
V

 

 Thus, capacitance is defined as a measure of the amount of net charge on either 
one of the conducting plates per volt.  It is measured in Farads (F) 

- - - - - - 
- 

- 

- 

+ + + + + + + + + 

inside the cell 

outside the cell 

lipid  
bilayer Layers   

of protein 
molecules 



Texas Tech University, Vanalet Rusuriye, December 2012 

130 

The circuit symbol for a capacitor is a simple pair of lines as shown in Figure 3. Note that 
it is similar to the symbol for a battery, except that both parallel lines are the same length 
for the capacitor. 
 
 
 
Figure 3: Circuit symbol for a capacitor 
 
  

 
d = spacing between the plates 
 
A = surface area of the plates 
 
V = voltage applied across the plates 
 

1. Consider two identical metal plates of area A, separated by air or another non-
conducting material which has a thickness d.  The plates are connected in a circuit with a 
battery and a switch, as shown above.   
 
a) Describe the behavior of the circuit when the switch is open 
 
b) What will happen to the amount of charge on the metal plate that is attached to the 
negative terminal of the battery when the switch is closed?   
 
c) What will happen to the amount of charge on the plate that is connected to the 
positive terminal of the battery?  Explain. 
 
 
 
 INVESTIGATION 2: HOW CAPACITANCE DEPEND ON SEPARATION 
DISTANCE 
 
 
 A capacitor can be made up of two arbitrarily shaped pieces of metal. The most 
common shape is a two parallel plates capacitor shown below. 
 
 
 
 

Figure 4: A circuit of a capacitor connected to a key switch and a power supply 
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                                          Figure 5: Parallel Plate Capacitor 
We will focus exclusively on the study of the properties of parallel plate capacitors 
because they are easy to construct. 
 
Equipment: 
2 sheets of aluminum foil clip leads 
Pages in a “fat” textbook Ruler with centimeter scale 
Multimeter w/ capacitance mode Vernier caliper or  micrometer 
Connecting wires  
1. How would you expect the capacitance between two parallel conducting plates to 
vary as the separation between the plates is increased?  Explain your answer. 
 
2. Place the aluminum sheets inside the “big” textbook.  The sheets should be 
separated by five pages. 
3. Record the number of pages between the aluminum sheets (this is the separation 
distance between the plates in “pages”) in Table 1. 
4. Place a heavy mass on top of the textbook to press the sheets tightly together. 
5. Using the digital multimeter, measure the capacitance.  Be sure the multimeter 
leads do not make contact with each other. 
6. Record the measured capacitance in Table 1. 
7. Increase the number of pages between the aluminum sheets.  Repeat steps 3 
through 6 for a total of 5 data points. 
 
 
Data Table 1 (Separation Distance vs. Capacitance) 
Separation (number 
of pages) 

Separation 
(m) 

Capacitance 
(F) 
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8. Use Excel to plot Capacitance vs. Separation Distance. Print and paste your graph 
below. Use the fit function in excel to find the best fit line to the data. 
9. Which function best describes the relationship between separation distance and 
capacitance? 
 
 INVESTIGATION 3: HOW DOES CAPACITANCE DEPEND ON AREA? 
 
1. Is there any limit to the amount of charge that can be put on a plate?  Explain. 
 
2.  How would the amount of charge that a pair of parallel plate conductors can hold 
change as the area of the plates increases or decreases?  Explain your reasoning.  
 
 
Obtain 2 sheets (same size) of aluminum foil.  The sheets should be just small enough to 
barely fit inside your physics textbook (or another “fat” textbook of convenience).  
Record the length and width of the aluminum sheets in Table 2.  Determine the surface 
area of the sheets.  Record this value. 
Data Table 2 (Surface Area vs. Capacitance) 
Width 
(m) 

Length 
(m) 

Surface Area 
(m2) 

Capacitance 
(F) 

    

    

    

  
 

  

    

    

    

3. Place the foil with 5 pages in between in the textbook. 
4. Place a heavy mass on top of the textbook to press the sheets tightly together (this 
step is very important for reliable results!). 
5. Using the digital multimeter, measure the capacitance.  Be sure the multimeter 
leads to not make contact with each other.  Record the measured capacitance in Table 2. 
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6. Decrease the surface area of the aluminum sheets (remember the area of both 
sheets should be the same).   
7. Repeat steps 3 through 6 for a total of 5 data points. 
8. After you have collected all of your data, use excel to graph of Capacitance vs. 
Surface Area. Use the fit routine in excel to find the best fit line to your data. 
 
 
 
 
 
 
 
9. What function best describes the relationship between surface area and 
capacitance?   
 
10. In words, explain how you think the capacitance of a cell membrane might change 
if the cell membrane was made thicker (but the area of the cell remained unchanged). 
 
11. In words, explain how you think the capacitance of a cell membrane change if the 
cell membrane covered a larger area (but the membrane thickness remained unchanged). 
 
 
 
 INVESTIGATION 4 – STUDYING THE DISCHARGE OF A CHARGED 
CAPACITOR  
 
 Capacitors can be connected with other circuit elements. When they are connected 
in circuits with resistors, some interesting things happen. In this investigation you will 
explore what 
happens to the voltage across a capacitor when it is placed in series with a resistor in a 
direct current circuit.  
In the following experiment, you will use the energy of the batteries to put an excess of 
charges on the two plates of the capacitor.  This is like the potential difference across the 
cell membrane before it is depolarized in one spot and the depolarized wave pulse is 
transmitted.  After the plates are charged up, you will disconnect the battery by opening 
the switch.   
Equipment: 
Battery, 1Ferad Capacitor, Light Bulb, Key switch, Banana leads, Plastic circuit block 
Connect your circuit as shown in figure 5 below.  
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Figure 1: an open circuit involving a battery, open switch, a capacitor and a bulb 
1. What do you think is currently happening to the bulb and the capacitor when the 
switch is open? Explain 
 
2. What do you think will happen to the capacitor and the light bulb when you close 
the switch? Explain  
 

 
 
 
 
 
 
 
 
 
Figure 1: A closed circuit involving a battery, closed switch, a capacitor and a bulb 
 
3. Go ahead and close the switch. Describe your observations 
 
 
4. Draw a sketch on the axes below of the approximate brightness of the bulb as a 
function of time for the above case of closing the switch.   
 
 
 
 
 
 
 
5. With the switch open, now remove the battery from the circuit like on the circuit 
below. Close the switch again and describe your observation? 
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6. Describe what happens to the bulb, and to the capacitor. Explain? 
 
7. Draw a sketch on the axes below of the approximate brightness of the bulb as a 
function of time when it is placed across a charged capacitor without the battery present, 
 
 
 
 
 
 
 
 
 
 
8. Discuss why the bulb behaves in this way. Is there charge on the capacitor after 
the switch is in the open position? Explain happens to this charge when the switch is 
closed? 
 
 
In many instruments such as medical defibrillators and batteries are used as capacitors to 
store energy. Then a large current is released at the time needed. Your membrane acts 
like a capacitor in storing charges that are used to transmit bioelectric signals across the 
body. Unlike a capacitor however, the body charges are not equal in concentration 
(positive and negatives).  
 
 
A: THE HALF-LIFE TIME 
 
What you have observed in the bulb and capacitor experiment is a behavior of an 
exponential decay function. This decay can be termed as a half-life time. One property of 
exponential decay functions is that the time it takes for the variable of interest to decrease 
by 50% is a constant.  This constant is often referred to as the half-life time, or, more 
simply, T1/2.  
An example is the following graph illustrating carbon 14 half life. Every bar line is ½ the 
size of the previous line. 
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In order to estimate values of T1/2, use the Loggerpro tools to make careful measurements 
from the graph and a data table such as the following.  Estimate T1/2 three different times 
for this data.   
 
Sample Data Table for Determining T1/2: 
 

Trial Electric Potential   
(V) 

Time   (s) T1/2 = TB – TA   (s) 

1 Point A VA =  2.50 TA=  
 Point B VB =  (0.5) VA = 

1.25 
TB=  

2 Point A VA =  2.00 TA=  
 Point B VB =  (0.5) VA = 

1.00 
TB=  

3 Point A VA =  1.50 TA=  
 Point B VB =  (0.5) VA = 

0.75 
TB=  

 
1. Record your best estimate of T1/2 for this experiment in the table above.   
2. Describe how the potential changes in time as the charges originally stored in the 
capacitor flowed through the resistor.  At what value did it start?  How did it change in 
time? 
 
3. Look at the neuron pulse pictured on page 1 of this lab, which part of this pulse 
have you been modeling?  Explain. 
 
4. In words, describe what T1/2 represents in terms of the neuron pulse and the 
transmission of a nerve signal. 
 
 
 
  INVESTIGATION 5: MODELING THE RAPID CHANGE OF THE 
POTENTIAL IN A NERVE SIGNAL  
 
 During this lab, you will model the behavior of neurons as they transmit electrical 
signals.  To do this, you will build a circuit containing a capacitor, resistance, and an 
initial potential difference. You will measure the resulting potential difference across the 
plates as a function of time using the MBL voltage sensor. 
 
Equipment: 
 Battery set 
 Plastic circuit block 

 One assorted resistor 
 One assorted capacitor 
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 Key switch 
 Banana leads 
 Digital multimeter (DMM) 

 Capacitance meter 
 MBL voltage sensor 
 

 
Build the following RC circuit, hooking the MBL voltage sensor at points A and B. Get 
your instructor to check your set up before proceeding. 
 

 
 

V0 = 2 batteries in series 
R  = R1 
C  = C1 
 
 
 

1. Discuss with your group the following questions.  Do not close the key switch in 
your circuit until after you answer these questions (and have the circuit inspected by your 
instructor). 
 
(a) If you closed the key switch, what potential difference VAB would result on the 
capacitor after it was "charged up"? 
 
2. Open the file: MBL - Voltage – Delayed Start.  This software has been setup with 
a "delayed start" to make your data analysis easier later in lab. 
3. Charge up the capacitor's plates by holding down the key switch. 
4. While still holding down the key switch, one person should click on the START 
button.  Once this button is clicked, wait two seconds.  Then, the other person should let 
go of the key switch.   
5. The capacitor will now discharge through the circuit's resistor. 
6. Stop recording data once the electric potential across the capacitor's plates has 
clearly returned to zero. 
7. Once you have a good set of data for this circuit, then Print out your results. 
8. Record the name of this data file in your logbook and the relevant run number. 
9. How long does it take for electric potential to drop to the initial value? 
 
 INVESTIGATION 6: SPEED OF PROPAGATION OF NERVE SIGNAL 
 
1. Can you think of a way that different resistances might come into play when 
transmitting nerve signals within the human body?  Explain your ideas. 
 
2. Can you think of a way that different capacitances might come into play when 
transmitting nerve signals within the human body?  Explain your ideas. 
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3. Two primary factors affect the speed of propagation of the action potential, the 
electrical resistance R within the core of the axon and the capacitance C (related to the 
charge stored) across the membrane.  The time t needed to charge or discharge a simple 
series electrical circuit containing resistance and capacitance has an exponential 
functional form of exp (-t/RC).  The time constant t is the value of t when it equals RC, t 
= RC.  A decrease in either R or C will decrease the time constant and the capacitor will 
charge or discharge faster. 
 
a. The internal resistance of an axon, decreases as its diameter increases.  For two 
axons with similar properties differing only in diameter, the larger diameter axon will 
have a faster conduction speed than an axon with a smaller diameter. 
 
b. The greater the capacitance (or stored charge) of a membrane, the longer it takes 
to depolarize it, thus the slower the propagation speed.  The myelin sleeve is a good 
insulator and this part of the axon has very low capacitance.  Because of the low 
capacitance, the charge stored is very small compared to an unmyelinated section of a 
nerve with the same diameter and length.  The conduction speed in myelinated fibers is 
much faster than in unmyelinated fibers.   
 
c. The potential difference is a result of different body fluid concentrations in ions. 
This imbalance of charge across a cell membrane is what sends the nerve signal from one 
place of the body to the other. The action potential travels very fast in the myelinated 
portion and much slower in the unmyelinated sections (nodes of Ranvier).  The action 
potential is reduced in amplitude in the myelinated segment, but restored to full size in 
the unmyelinated section.  Under these two conditions, the action potential travels very 
fast in the myelinated sections and much slower in the nodes; it thus appears to jump 
from one node of Ranvier to the next.  This is called saltatory (leaping) conduction.  
  



Texas Tech University, Vanalet Rusuriye, December 2012 

139 

APPENDIX L: LAB 10: ULTRASOUND IMAGING 

LAB 10: 
ULTRASOUND IMAGING 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
OBJECTIVES: 
 To describe wave attenuation in different mediums. 

 To illustrate how the speed of sound varies in different types of media 

 To use waves to determine length and depth of objects 

 To learn how sound is used for diagnostic medical imaging  

 To use sound waves to create an image 

 OVERVIEW 
 

Ultrasound imaging is a noninvasive medical test that helps physicians diagnose and treat 
medical conditions. It is a very common medical imaging procedure and is an 
increasingly important part of prenatal care. A common clinical situation concerns a 
woman in early pregnancy.  It is very useful in helping determine an accurate dating of 
the pregnancy so as to estimate reliably the birth date and to help assess proper growth 
during the pregnancy.  Several length measurements can be made on the fetus to help 
determine its gestational age, including the crown-rump length, the bi-parietal diameter 
(ear to ear distance), and the femur length. Since ultrasound images are captured in real-
time, they can show the structure and movement of the body's internal organs, as well as 
blood flowing through blood vessels. In Today’s lab, you will explore how sound can be 
used to produce images of objects. 
 
 EXPLORATION1: HOW CAN WE USE SOUND TO SEE INSIDE   
OURSELVES? 
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1. Imagine possible ways you can of making length measurements on the fetus. 
Describe or list the ways below. 
 
2. Obviously, mom, dad, and baby would prefer the least invasive means possible.  Are 
any of the measurement methods you listed preferable over others? Describe why you 
think so. 
 
3. An easier exercise is to do what some doctors do to practice percussing. Go to the wall 
and find a stud (a vertical support in the wall) by tapping as described above. How did 
you find the stud? What was different about the sound? Why do you think so? 
 
4. Let’s try the same thing with your own body.  Doctors use percussing in routine 
physical.  The doctor listens to the echoes to identify different density regions in the 
body. Let’s try it with your here. If you do mind, skip to question 5. While standing, 
place two fingers of one hand on the side of your abdomen, preferably where there is a 
cavity.  Tap these fingers with two fingers from your other hand.  Move your fingers to a 
higher position that is more filled.  Is there a difference in what you hear? 
 
5.  Physicians can gain significant information from small changes in the percussive 
sounds from different body regions, but this method is too qualitative to measure lengths 
in a fetus.  Can we use sound as a fairly non-invasive technique for making such 
measurements? Explain 
 
 
 INVESTIGATION 2: REFLECTIONS AND WAVE ATTENUATION 
 
1. Imagine you are standing at the mouth of a cave. Describes different ways you can 
tell how long the cave is? Explain 
 
2.  Based on question 1, can sound be used to measure distances? Explain 
 
3.  Knowing that a computer can measure time very accurately, what property of 
sound does the computer need to determine distances with such a detector? 
 
 
 
 INVESTIGATION 3: BIO-IMAGING WITH SOUND 
 
The creation of an image from sound (ultrasound imaging) is done in by producing a 
sound wave, receiving echoes, and interpreting those echoes.   Ultrasonic scanners are 
used to look inside the body. They are a good example of reflection of waves.  They work 
by sending ultrasound pulses into the patient and listening for echoes. Reflections of the 
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sound occur at the interfaces between different tissues. The depth at which the reflections 
occur is calculated by the time it takes the echo to return.   
 
Equipment 
 Motion detector 
 Carved figure 1 

 Carved figure 2 
 cart 

1.    Ultra-scanners use a probe containing one or more acoustic transducers to send 
pulses of sound into a material.  Doctors use an array transducer just like the one below to 
send waves through the womb. The waves are reflected back and analyzed on a 
computer.  
 
 
 
 
 
 
 
 
 
 
Figure 1:An array transducer similar to what doctors use to send pulses though the body 
for ultrasound scan. To generate a 2-Dimage, the ultrasonic beam is swept. A transducer 
may be swept mechanically by rotating or swinging. The received data is processed and 
used to construct the image. The image is then a 2D representation of the slice into the 
body. Ultrasound uses a probe containing one or more acoustic transducers to send 
pulses of sound into a material.  
2.  On your table is a motion detector that represents an array transducer. You will use 
it to transmit waves to image carved figures.  Move the motion detector with a constant 
velocity across the different the figures on your table. Draw your process below. 
 
 
 
 
 
 
 
 
 
3.  Were you able to use sound to image objects? How were you able to image the 
different objects? Explain  
 
 
4. With a real ultra-scanner, several length measurements can be made on the fetus to 
help determine its gestational age, including the crown-rump length, the bi-parietal 
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diameter (ear to ear distance), and the femur length. From your newly mapped out graph, 
what do you need to determine how long the carved objects are?  
 
5. If the carved objects were to represent a baby, could you determine how big or tall 
the baby is from this data? Explain 
 
6. Can you determine how far in the belly the baby is? If so how are you able to do 
that? 
 
7. Since ultrasound images are captured in real-time, they can show the structure and 
movement of the body's internal organs, as well as blood flowing through blood vessels. 
How would you see if a baby is moving? 
Whenever a sound wave encounters a material with a different density (acoustical 
impedance), part of the sound wave is reflected back to the probe and is detected as an 
echo. The time it takes for the echo to travel back to the probe is measured and used to 
calculate the depth of the tissue interface causing the echo.  
 
 INVESTIGATION 4: SPEED OF SOUND IN DIFFERENT MEDIA 
 
Equipment: 
 Oscilloscope 
 Function (signal) generator 
 Plastic rod 
 Wooden rod 

 Iron rod 
 Driver Transducer 
 Pickup Transducer 

 
In this experiment we measure the speed of sound in rods of different material. 
Oscilloscopes can show the pattern of sounds waves or the shape of the sound waves, this 
electronic device is used to observe and measure any oscillation or vibration that can be 
changed into an electrical voltage.  
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Figure 2:  The signal generator supplies a voltage pulse to the driver transducer which 
converts the electrical pulse into a mechanical pulse. This mechanical pulse travels, as a 
sound wave, down the length of plastic rod and is detected by the pickup transducer. The 
pickup transducer converts the sound wave into an electrical signal. The oscilloscope is 
used to measure the time interval between the pulse supplied to the driver and the pulse 
detected by the pickup transducer. 
 
1. Why do you think the speed of sound varies in different types of media? 
 
2. Connect the signal generator to the driver transducer and select a square wave 
output. Turn up the generator amplitude enough that you can start to hear a faint buzzing. 
The exact frequency you use is not important but it should be somewhere between 50 and 
100Hz.  
 

3. Connect channel A of the scope to the driver’s terminals, and adjust the scope as 
above, so that 2 or 3 stationary square waves are seen. Now connect the pickup 
transducer to channel B of the scope, and adjust the channel B position and AMPL. 
controls so that the pickup signal is also seen.  
 

4. Make a sketch of what you see in your notebook and try to explain the main 
features qualitatively. Now increase the TIME/cm setting on the scope until the signal in 
channel B.  
 

5. Make a sketch of the signal you observe. Indicate on this sketch the point at which 
the pulse from the generator arrives at the driver, and the point at which the pickup 
transducer senses the sound wave. 
 

6. Calculate how long the time interval is between these two events. Does the time 
interval depend on the frequency of the signal generator’s square wave? Could the time 
interval be measured accurately if this frequency was very large, say 1000Hz? Try it, and 
explain what happens. 
 
7. Measure the time interval, t, as a function of the separation, d, between the driver 
and pickup transducers. Once you have 5 or 6 pairs of d and t values, plot d vs. t, and 
calculate the speed of sound in the rod. Compare the value you obtain with typical values 
for plastics (See the CRC handbook.). 
 
Medium Separation 

distance (cm) 
Time 1 
(seconds) 

Time 2 
(seconds) 

Time 1 
(seconds) 

Average 
time 
(seconds) 

Glass rod      
Wood rod      



Texas Tech University, Vanalet Rusuriye, December 2012 

144 

Iron rod      
 
 
 INVESTIGATION 5: DO MUSCLE, FAT AND BONE SOUND THE 
SAME? 
 
When performing an ultrasound scan, one has to consider body fat, bones and muscles 
because sound travels in each one at different speed. We will explore how some of those 
differences facilitate creating images of tissue.   
 
Equipment: 
 Styrofoam 
 Bricks 

 Sponge 

 1. What changes when a sound wave goes from air to an iron rod? 
Think about the properties of the media through which the sound travels and the 
properties of the sound itself. 
 
 2. How does the number of atoms in a cubic centimeter change as you 
go from air into brick? Is this a relatively small or large change? 
 
 3. What physical property of a material is related to the number atoms 
per unit volume? 
 
 4. Obtain a soft sponge.  It should be slightly damp for the following 
activity.  What happens to the volume of the sponge as you press on it while it is laying 
on the table? 
 
 5. Is a large pressure change necessary to reduce the volume by half? 
 

 6. Compare the pressures required to reduce the volume by half for the sponge 
Styrofoam, and for the wooden block. 
 

 7. In your own words, describe the property of a material that resists a change in its 
volume when pressure is applied. 
 
 
We can imaging creating an interface by making an abrupt change in density of the 
material, by changing the "springiness" of the material, or by doing both.   
In fluids or soft tissue the "springiness" of the material is described by the bulk modulus 
B, defined as 
 

  VV

P
B




   (1) 
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where P∆  is a change in pressure and ∆V/V is the corresponding proportional change in 
volume. 
 
The speed of mechanical waves in a medium depends on two major factors, as seen in the 
explorations above.  It depends on an inertial property of the medium (related to mass), 
and on an elastic property or "springiness" of the medium.  Typically, the relationship is 
 

 
property inertial
property elastic

=v  (2) 

 
For fluids or soft tissue, the inertial property that determines sound speed is density.  So, 
the speed of sound in a fluid or soft tissue is given by 
 

 
ρ
Bv =   (3) 

 
A significant change in bulk modulus, creating a change in sound speed, will create an 
interface, as we will investigate soon. 
 
The two medium properties, density and sound speed, are combined to define the 
characteristic acoustic impedance, Z, of the tissue. 
 
 Z = ρ .v  (4) 
 
Acoustic impedance is a characteristic used to define an interface for sound is to say that 
there is an abrupt change. Sonographic instrument assumes that the acoustic velocity is 
constant at 1540 m/s. An effect of this assumption is that in a real body with non-uniform 
tissues, the beam becomes somewhat de-focused and image resolution is reduced. 
 
Sonography performs very poorly when there is a gas between the transducer and the 
organ of interest, due to the extreme differences in acoustic impedance. For example, 
overlying gas in the gastrointestinal tract often makes ultrasound scanning of the pancreas 
difficult, and lung imaging is not possible (apart from demarcating pleural effusions).  
Even in the absence of bone or air, the depth penetration of ultrasound may be limited 
depending on the frequency of imaging. Consequently, there might be difficulties 
imaging structures deep in the body, especially in obese patients. 
 
The following table shows some densities and sound speeds of tissue in the human body. 
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Tissue v [m/s] ρ  [kg/m3] 
muscle 
 (along fibers) 

1576 1.058 x 103 

muscle 
 (across fibers) 

1592 1.058 x 103 

liver 1570 1.055 x 103 
kidney 1560 1.055 x 103 
brain 1520 1.032 x 103 
fat 1476 0.928 x 103 
bone 3360 2.32 x 103 
air  343 1.205 

 
 
 INVESTIGATION 6: ACOUSTIC IMPEDENCE 
  
1. Calculate the characteristic acoustic impendence for the materials in Table  

Tissue Z [kg/m2s] 
muscle (along fibers)  
muscle (across fibers)  
Liver  
Kidney  
Brain  
Fat  
Bone  
air   

 2. Which tissue junctions could be considered well-defined acoustic 
interfaces (where you might expect large echoes to arise from)? Explain 
 
3. Which tissue junctions could be considered bad  acoustic interfaces? 
Explain 
 
 
 APPLICATION 2: SOUND MAPPING 
 
In this experiment you will use ultrasound to map the profile of the bottom surface of 
aluminum  
block. 
Equipment: 
 Cylindrical block 
 Paper 
 Pencil 

 Panametrics Ultrasound 
Pulser 
 Tektronix 2201 Digital 
Storage Oscilloscope 
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1. Obtain a cylindrical block 8.7 cm in diameter and 4.0 cm in height from the 
instructor.  
2. Cover the bottom surface of the cylinder with cardboard to hide a pattern of 
grooves that are machined by the instructor.  Leave the surface exposed and smooth.  
3. Draw a grid pattern comprising 98 squares on this surface with pencil. Each 
square represents a place where a Panametrics Ultrasound Pulser/Receiver transducer (~1 
cm in diameter) will to be positioned.  A thin layer of water is to be used between the 
transducer and the aluminum surface to provide acoustyical impedance matching.  
4. Output from the Pulser/receiver unit was connected to a Tektronix 2201 Digital 
Storage  
5. Oscilloscope, with which we obtained a time trace that displayed the 
temporal position of the echo bouncing off the bottom of the piece.   
6. The depth of the bottom in the aluminum piece then was calculated using the 
time it took to receive each of the echoes and the speed of sound in aluminum (6,400 
m/s).  Once the depth of the block was recorded for every square on the grid, the data was 
entered in Microsoft Excel as a table that mirrored the order on the grid.  
7. Finally, the data was visualized as a surface plot. 
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	APPENDIX c: LAB 1:THE PHYSICS OF WALKING
	 INVESTIGATION 1: SWINGING YOUR ARMS AND LEGS BACK AND FORTH
	Now we will determine how the frequency is related to the period
	3. Explain how you think the period and the frequencies are related (Hint, units)
	4. For 3 different pendulums( tables 4,5 and 6), measure the period and the frequency simultaneously. DO five measurements and record the average. Record your variables in the table below
	Share your data on the whiteboard and complete the following table in your lab book for the small, medium and large lower and whole legs:
	1. Pick one person in your group to be the subject for the following activities.  You will study the to-and-fro motion of a free-swinging part of that person's leg, both the lower leg, swinging freely from the knee, and the whole stiff leg, swinging f...
	2. Prepare to study the motion of the subject's freely swinging lower leg while he/she is sitting on a lab table. Relax your leg muscles and have a team member pull your suspended leg aside and let it swing freely and time its motion for five complete...
	3. Next, the subject should stand on a thick textbook so his/her whole leg is slightly raised off of the floor so the whole leg, with the knee in a straight position, can swing freely.  Relax your whole leg muscles and have a team member pull your sus...
	4. Complete the following summary data table in your lab book.
	APPENDIX d: LAB 2:FLUIDS DENSITY AND BUOYANT FORCE
	 To  operationally define the concepts of mass and volume
	 To understand the concept of density qualitatively and mathematically
	 To Understand the concept of a buoyant force on a body immersed in a fluid
	 To use the concepts of density and buoyant force to understand sinking and floating
	 To use Archimedes principle to measure specific gravity of human blood.
	APPENDIX e: LAB 3:PRESSURE IN FLUIDS
	 To understand the concept of pressure.
	 To understand that the pressure in a fluid depends on depth.
	 To understand that fluid pressure depends also on both height and speed of the fluid for flowing fluids.
	 To Understand that pressure is same in all directions at a given point
	6. Would the force exerted by the clay on the table be the same at all points? Explain your reasoning. If not, where would the force be the least? Where would it be the greatest?
	7. In the three cases above, would measurement of the force produce the same value if placed anywhere under the clay? Explain
	8. In each of the cases above, would you say that the force per unit area is constant? Explain.
	9. Determine the force per unit area for the blocks in parts a. and b. above. Show your calculation.
	10. In which case is the force per unit area greatest? Explain why you think so.
	Consider the two pictures below. In each case, the force applied is the same in magnitude. In one case, the force is applied by a finger, in the other case, the part touching the skin is a needle..
	Figure  1: (a) Pressure exerted by an object with  a large area surface (hand) (b) Pressure exerted by an object with small area (syringe) [6]
	1. Which would hurt more? Explain
	2. In the 1950's women wore very sharp high heels and were barred from walking on wooden floors in some buildings. Explain why you think so.
	1. Sit at a table with your forearm resting comfortably. Slide the cuff onto your arm to a position just above the elbow and slip your arm through the cuff so that the chest piece of the cuff is about one inch above the elbow and under the biceps musc...
	2. Pull the cuff-end to tighten and attach the Velcro fastener and place the stethoscope into both ears.
	3. Hold the pressure gauge in the other hand of the arm without the cuff. With the trigger in the "out" or "pump" position, rapidly squeeze the bulb until the pointer in the gauge is about 180 mmHg pressure. The cuff should feel tight and your arm may...
	4. Once the cuff is inflated, stop pumping and position your index finger over the trigger air release valve. Watch the gauge dial face and slowly deflate the cuff by depressing lightly on the trigger until tension is felt. During the measurement phas...
	5. As you start to deflate the cuff you should hear nothing. If you hear sound immediately you will have to pump higher before you begin. As the cuff pressure decreases and the pointer falls, the first sound you will hear is a thumping - the first of ...
	6. Continue listening for the thumping sounds. When the sound stops, you have reached your diastolic pressure. Do not record this pressure. What does this pressure tell you about your own blood pressure?
	APPENDIX f: LAB 4 BLOOD FLOW:  MODELING THE BLOOD CIRCULATORY SYSTEMS
	Figure 1:  A model for the circulatory system of the human body.
	5. Hold the end of the hose horizontally, turn the water on and observe the water leaving the hose. Use your finger to cover part of the opening at the end of the hose. Observe the water leaving the hose. Can you make any statements about the velocity...
	6. If you had two tubes of different radii attached to make one tube, as in the diagram below, and water was flowing through the tubes, would the water flow at the same velocity through the narrow part as through the wider part? Explain.
	Figure 6: A flow rate apparatus for determining volume flow rate as a function of pressure
	1. Describe how you might measure the flow rate of water exiting from the tube.  Discuss your method with your instructor before proceeding.
	2. To test the dependence of a quantity on one variable, describe how you would test for the dependence of flow rate on pressure. How will you vary the pressure?
	3. Record your data for pressure and flow rate in the table below.
	4. Copy your data to Excel and graph it. Does flow rate depend on pressure? Explain.
	Figure 7: A flow rate apparatus for determining volume rate as a function of length
	1. ariables will you hold constant and how will you assure they are constant?
	3. Copy your data to Excel and graph it. Does the flow rate depend on length of the tubes? Explain
	Figure 8: A flow rate apparatus for determining the flow rate as a function of diameter.
	1. What variables will you hold constant and how will you assure they are constant? Explain
	2. Record your data for tube diameter and flow rate in the table below.
	1. Compare the results of the three different invention activities above (activities 3,4, and 5) to this equation.  Do they appear to agree?  Explain.
	2. During heavy exercise, the body increases its flow rate 5-10 times greater than when at rest.  Describe different ways that the body might do this?
	3. Is increasing blood pressure 5-10 times higher a viable option? Explain.
	4. Is decreasing the length of your blood vessels a viable option?
	5. The arterioles (small arteries) have sphincter-like muscles around them.  How much would the radius of a blood vessel have to increase to cause a 5 times greater flow rate?
	In fact the body does increase its blood pressure a little to increase the flow rate – but most of the flow rate increase comes from vasodilatation. Vasodilatation refers to the widening of blood vessels  resulting from relaxation of smooth muscle cel...
	6. Arteries in the human body can be constricted when plaque builds up on the inside walls.  How would this affect the blood flow rate through this artery?
	7. If the body wants to keep a constant flow rate, then how might this condition affect a person's blood pressure?  Explain.
	APPENDIX g: Lab 5 SOUND PRODUCTION AND WAVE PHENOMENON OF HEARING
	1. Produce a brief sound by clapping your hands once.  What do you think your hands do to produce this sound?
	2. How do you think sound reaches your ears?
	3. You may have heard the term “sound wave”.  What do you think it is?
	1. Get a slinky and extend it on the floor about 3 meters.  Continuously move one end of the slinky left and right  to send a wave down the slinky. Does the slinky itself move from one end to the other? If not what does? What is transmitted from one e...
	2. What you just created is called a transverse wave.  List some other examples of a transverse wave.
	1. Using the same slinky, continuously push and pull to transmit a longitudinal pulse from one end of the slinky to the other. What is actually transmitted from one end of the Slinky to the other?
	2. List other examples of a longitudinal wave.
	1. Open the file “sine wave” ppt found in my documents folder.  By continually moving the end of a spring left and right of a slinky in investigation 1, you produced a waveform that repeats. The wave  you created is similar to the wave in the animatio...
	2. One of the characteristics of a wave is an amplitude. The amplitude is the maximum displacement of the medium from equilibrium (x=0). From the animation, measure the amplitude .
	3. Below is a snapshot of the animation plot. Use a pencil to label the amplitude on the plot.
	1. When the shape of the wave repeats, the wave is called a periodic wave. The distance over which the wave repeats itself is called the wavelength. The symbol  (lambda)is used for wavelength. The unit for the measurement of  wavelength is meters. Ass...
	2. Above is a snapshot of the animation plot. Use a pencil to label the wavelength on the plot.
	1. A pressure disturbance in the cylinder discussed above at a particular instant of time can be plotted as a function of position along the cylinder axis. Draw a qualitative grave of the initial wave
	2. Draw the pressure as a function of position at this instant of time a few milliseconds later.
	1. Pick up a frequency generator and attach it to a speaker. Ask your instructor for help if you need it. Generate a series of  sounds with different frequencies starting from low to high. Can you hear all the frequencies?
	2. List all the frequencies you can hear.
	3. How do the your results compare with the rest of  your group? Explain
	4. Based on your results, can you conclude what the human hearing range is? Record this range.
	5. Make 3 different cons using the paper on your table. Vary the cone sizes and repeat the frequency generation. Which cone can you hear better with? Why
	6. Explain why the outer ear is like a cone?
	APPENDIX h: LAB 6: THE OPTICS OF VISION
	Looking at far away objects…
	Looking at near objects…

	APPENDIX i: LAB 7: POTENTIAL, ELECTRIC FIELD AND ELECTRICAL PROPERTIES OF THE HEART
	APPENDIX j: LAB 8 BATTERIES, BULBS, AND CURRENT
	appendix k: Lab 9: Modeling a Neuronal Pulse signal in RC Circuit Circuit
	APPENDIX l: LAB 10: ULTRASOUND IMAGING
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