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LABORATORY 1   

 
METRIC SYSTEM, ANGLES AND GRAPHING  

 

Equipment  

 

1-meter measuring stick, 2 -meter  measuring stick, graph paper, 12 inch ruler and protractor.  

 

Purpose  

 

The purpose of this lab is to understand the metric system and how we analyze data.  

 

Introduction  

 

Many of the laboratory exercises in this manual involve taking measurements using the metric 

system, plotting data on a graph and measuring angles. Once youôve learned a few rules, the 

process will be easy and convenient to use. The use of graphs eliminates trigonometric 

calculations and keeps the math very simple. Some common base units in  the metric system 

are given in Table 1.1.  

 

Systems of Measurement  

 

Scientists need a standard frame of reference in order to compare results. While there are 

several standard units the major ones used by physicists are length, mass , and time . The 

official  standards for the United States are kept in the National Bureau of Standards in 

Washington D.C. All other measurement devices such as for length are compared to the 

Washington D.C. standard. The Bureauôs name was changed to the National Institute of 

Stand ards and Technology in 1988. Although day to day commerce in the U.S. is conducted 

with the English system all scientific work is done using the metric system. The U.S. is 

gradually converting to the metric system as evidence by the common liter of soda.  

 

The English System  (also called the United States Customer System or British System.)  

The English system used primarily in the United States was originally based on parts of the 

human body. For example a foot was the length or the Kingôs foot and the yard was the 

distance from the tip of his nose to the end of the fingers on an arm held straight out. 

Unfortunately, every time there was a new king the standard of measure changed a little.  

 

The Metric System  (part of the Systeme International ñSIò) 

This syste m was established by the French academy of Sciences in 1971. Instead of being 

based on body parts it uses nature , such as the distance from the equator to the North Pole. 

The SI has defined seven standard units. These are length, mass, time, electric curre nt, 

temperature, amount of a substance and light intensity.  
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The standard unit of measure in the metric system can be visualized as a dollar made up of 

100 cents with the cent being the smallest unit for a dollar. For conve nie nce , the dollar can 

also be d efined in larger terms such as the nickel, dime, and quarter. Instead of using cents, 

the meter is made of up 100 centimeters. One can also express the meter in larger units  such  

as 10 decimeters or in smaller units such as 1,000 millimeters. Everything is  based on the 

factor of 10. The next larger unit is 10 times bigger and the next smaller unit is 10 times 

smaller. The official standard of length is the kilometer which is equal to 1000 meters. The 

particular unit used by the scientist is determined by th e work being done. The laboratory 

exercises for this class generally measure length in meters and most of the discussion of the 

metric systems uses the meter as an example unit.  

 

 

Table 1 .1  Some common metric  units  

 

Physical quantity  Metric base unit         Symbol  

Distance  Meter  m  

Mass Kilogram  kg  

Time  Second  s 

Volume (liquids and gases)  Liter  l 

 

The metric system attaches prefixes to these base units. Some commonly used prefixes are 

shown below in Table 1.2.  For example, kilo -  means 1000. Thus, 1 kilometer equals 1000 

meters. F rom the table we see that ómilli ô means .001 (or 1/1000), thus 1 milligram equals  

0.001 grams.  
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Table 1 .2   Common metric prefixes (uncommo n one have been omitted)  

Metric prefix  Symbol  Meaning  

Giga  G 1,000,000,000 times the base unit  

Mega  M 1,000,000 times the base unit  

Kilo -  k 1000 times the base unit   

Hecto -  h 100  times the base unit  

Deka -  da 10  times the base unit  

                (Base un it)                                                           .   

Deci -  d 0.1  times the base unit  

Centi -  c 0.01  times the base unit  

Milli -  m  0.001  times the base unit  

Micro   0.000001  times the base unit  

Nano  n 0.000000001 times the base unit  

 

Note that pref ixes located on rows above the base unit have values greater than 1. Therefore a 

kilometer, hectometer, and dekameter are all greater than 1 meter. Prefixes on rows located 

below the base unit have values less than 1. Therefore, a decimeter, centimeter, an d 

millimeter are all less than 1 meter.  

 

Converting Within the Metric System  

 

The key to understanding how to convert within the metric system is to remember a few 

simple rules:  

1)  Select a row that represent s the unit that you want to convert from. For ex ample, letôs try 

the base unit , the meter. Then depending on what you want to convert the meter to:  

2)  for each row that you move up in Table 1.2, move the decimal point one place to the left.  

3)  for each row that you move down in Table 1.2, move the decim al point one place to the 

right.  

4)  If the number that you are given to convert does not have a decimal point, add ñ.0ò to the 

end of the number (for example, change 95 to 95.0)  

or  

1)  For each row that you move up in Table 1.2 divide the base or previous amou nt by 10.  

2)  For each row that you move down in Table 1.2 multiply the base or previous amount b y 10.  

Moving up :    1 meter = 0.1 dekameters = 0 .01 hectometers = .001 kilometers  

Moving Down : 1 meter = 10 decimeters = 100 centimeters = 1000 millimeters  

 

Examp le 1  Convert 43.9 kilometers to centimeters.  

1.  Refer to Table 1.2. To convert kilometers to centimeters, you have to go down five rows.  

2.  You must move the decimal point five  places to the right. Note: after moving the decimal 

point one space to the righ t, we added 0ôs as place-holders. Solution 43.9 kilometers = 

4,390,000 centimeters  

 Or  

1.  Going down each row requires that you multiply by 10 for each row.  

2.  43.9 km = 439 hectometers = 4,390 dekameters = 43,900 meters = 439,000 decimeters 

= 4,390,000 centime ters . 

 

 

Example 2 Convert 5,425  milliseconds to seconds.  

1.  Since the given number does not have a decimal point, follow Rule #3 above and add ñ.0ò 
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to the given number to get 5,425.0. This was not really necessary since we are moving the 

decimal point to t he left.  

2.  Refer to Table 1.2 to see that to go from milliseconds to seconds (i.e., a base unit), you 

must go up  three rows.  

3.  Thus, you must move the decimal point three places to the left. (See Rule #1 above )  

4.  5,425.0 milliseconds = 5.425 seconds).  

 

 Or  

1.  Since there are 1000 milliseconds in 1 second  

2.  Divide 5,425 by 1000 = 5.425 or  

3.  Divide 5,425 by 10, and divide the result by 10 and divide the result by 10 again.  

Be aware that we are starting at millisecond in the table and want to move up to seconds . This 

is why division is required.  

 

 

Angles and Graphing  

 

To understand angles, it is necessary to first discuss two geometrical 

figures, the circle  and triangle . Using a compass , a circle can easily be 

drawn on a piece of paper. The distance from the ce nter of the circle to a 

point on the circle is called the radius  (R). The diameter  (D) is the 

distance between two opposite points on the circle that pass through the 

center.  The distance around the circle is called the circumference  (C) and 

is related to  the radius R by the equation C = 2 R and to the diameter D 

by C = D where  is 3.14.  

 

An angle  is the separation between two 

lines meeting at a point called the vertex 

point . The lines are called the sides of the 

angle. The separation of the lines is 

me asured in degrees of arc, minutes and seconds  and written 

as 15 0 30ô 15ò to distinguish angular measurement from 

temperature and time measurement.  

 

 

For measuring angles a circle  is divided into 360  equal parts called 

degrees of arc . Just as a ruler meas ures the length of a line, a 

protractor  measures the size of an angle. A protractor is usually 

semicircular in shape. In this exercise measurement to the nearest 

degree will be sufficient.  
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Use a protractor to measure the angles below  and record these a s part of the pre - lab 

questions . Place the center point  of the protractor on the vertex  of the angle. Then align the 

left or right 0 0 with one of the sides of the angle and read the angle by finding the point at 

which the other line  intersects the arc of t he protractor. It may be necessary to extend the 

lines in order to measure the angles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

A triangle  is a geometrical figure made up of three points not on the same line and three 

straight - line segments join the three points. The segments are th e sides of the triangle and the 

points are the vertices of the three angles. The three sides of a triangle may be of different 

lengths and the three angles may be of various sizes. However, the sum of the angles in any 

triangle will always be 180 0.  

                                                                Triangle B  

 
                                  Triangle A                                                              Triangle C  
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Drawing Angles and the Graph  

 

Just as the protractor can be used t o measure a given angle, it can be use in a reverse fashion 

to create an angle between two lin es. Angles can be drawn on plain  or graph paper.  A graph is 

generally considered to be divided into four parts or quadrants with the center of the quadrant 

meeti ng points the origin. In many physics problems, only quadrant 1 is necessary.  

 

To begin drawing angles, divide the graph paper by drawing the X -axis and the Y -axis as 

shown.  

 

1) Place the center of the protractor at the 

origin of the graph the bottom of t he 

protractor on the X -axis.  

2) Locate an angle such as 45 degrees on the 

protractor.  

2) Mark the 45 o point on the paper.  

3) Remove the protractor and draw a line 

from the origin to the point.  

4) The line now makes a 45 o angle  with the 

X-  axis.  

 

To dra w an angle between 0 o and 90 o, only 

quadrant 1 is required. For an angle between 

90 o and 180 o quadrant 2 is needed and so 

forth for larger angles.  

 

In future labs, the lines will be drawn from places on the graph other than the origin, but the 

procedure is  very similar.  

 

Drawing lines from data points  

 

Another way of using a graph is to plot a series of points and then draw a line that connect the 

points. A data point on a graph is made up of the intersection of an X value and a Y value. In 

order to plot a point the first task is to assign a scale to the graph. For example, each square 

could represent ten centimeters.  Next we must define the X -axis and the Y -axis. Assume that 

we want to plot data about shoe length and a personôs height to see if there is any type of 

relationship. Let the X -axis be the shoe length and the personôs height be the Y-axis.  

 

 To plot these three data points from the table:  

 

1.  Locate the point 2 squares from the orig in on the 

X-axis and the point 13 squares from the origin on 

the Y -axis. Draw a line perpendicular to these 

points from each axis.  

2.  The intersection of the two lines represents the first 

data point. Put a dot on the graph at this point.  

3.  Locate the next dat a point by finding a point 2 ½ 

squares from the origin on the X axis and 16 squares on the Y axis. Draw line 

perpendicular to these points from each axis. The intersection of the two lines 

represents the second data point. Put a dot on the graph at this po int.  

4.  Repeat the process for third data point.  

5.  Finally draw a line between the three points.  

6.  This line on the graph provides information about the relationship between shoe length 

and height. As you might expect, the taller a person the larger the shoe size . 

X axis  

Shoe length  

Y axis  

Personôs 

height  

20  130  

25  160  

30  175  

The Graph

X axis

Y axis

I2

43

Origin

Parts of a Graph
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Interpretation of graph lines  

 

The lines below represent data points taken from three separate tests. Here the Test Score is 

plotted against the IQ of the students who took all three exams.. What do the lines tell you 

about the difficulty of the tests?  

I.Q. verses Test Score
What can we tell from the lines? 

Examine only one line at a time.

Test

Score

I.Q. Score

A

B

C

A = average test

B = easy test

C = hard test

Zero High

High

 
 

 

Variable Relationships  

 

When both the X and Y data value increase or decrease at the same time, this is called a direct 

relationship. But when one goes up while the other goes down then the relationship is called 

inverse.  

 

For example, if more hours of study results in a higher test score then the relationship 

between hours studied and test score is direct.  

 

This would be an inverse  relationship. If this were true then not studying at all should result in 

perfect 100% scor es.  
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Examples of relationships are shown below:  

 

Proportions

Y=X

Y=1

Y=2

Y=3

Y=X2 Y=1/X2

Y=1/X

Y=1/1

Y=1/2

Y=1/3

Y=1/(1/2)=2

Direct Inverse

 
 

 

The rates at which relationships change can vary greatly. For example, if you earn $1 per hour, 

then in 10 hours you will earn $10. This is a direct linear relationship . But if you earn $2 per 

hour, you will earn $20 in 10 hours. While each relationship is direct the second will have a line 

on the graph that is twice as steep.  

 

Experimental Error  

 

Finally, when we experience data we must judge  if the data  is valid.  We judge this data via 

the method of percent discrepancy.   The smaller the discrepancy, the better the chance the 

data represents reality.   The percent discrepancy is given by:  

 

%100% X
ValueTrue

ValuealExperimentValueTrue
yDiscrepanc  Equation 1.1 

 

 

 

As X increases 

Y increases the 

same amount. 

As X gets larger 

Y gets smaller. 

As X gets larger 

Y gets smaller 

very fast. 

As X increase Y 

increases much 

faster. 
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Laboratory Procedures  

 

Procedure 1  Testing Your Knowledge  

 

To test your knowledge of the metric system, perform the calculations in Table 1.3 of data 

sheet.  

 

 

Procedure 2  Metric Measurements  

 

1.  Use a me tric ruler to take the measurements listed in Table 1.4 of data sheet.  

2.  Complete Table 1.3 on data sheet.  

 

 

Procedure 3 Angles  

1.  Using graph paper and a protractor draw and label the lines for the following angles.  

a. 15 o   b. 45  o   c. 90  o    d. 120  o  

 

Procedure 4 Metric Measurements and Graphing  

 

1)  Measure and graph shoe length (y -axis) as a function of height (x -axis) using the following 

guidelines for each member of your group and  borrow some data from another group  

 

a)  Record the shoe size and height for a person in centimeters and record the data in 

Table 1.5. 

 

b)  Scale and label your axes properly:  

i)  Å Scale your x -axis and y -axis so that almost the entire sheet of graph pape r is 

used.  

ii)  Å You may choose different scales for the x -axis and the y -axis.  

iii)  Å Axes do not have to begin at zero.  

iv)  Å Label the y -axis ñshoe length (cm)ò; label your x-axis ñheight (cm)ò. 

 

c)  Title your graph. Titles are usually of the form ñy-axis (unit) vs. x -axis (unit)ò. In this 

case, a good choice of title would be ñShoe length (cm) vs. height (cm)ò. 

 

d)  Draw a straight line that fits through your data. This ñbest-fitò line does not have to go 

through every point. It is the line that best represents the trend s hown by your data. 

There should be about the same number of points above and below the line. Turn in the 

graph with our completed data sheet.  

 

2)  Measure and graph a personôs span (y-axis) and height (x -axis) in centimeters using a 

procedure similar to that i n 4A  above. Record the data in the Table 1.6.  The span is the 

distance between a personôs outstretched hands. This is also called a fathom. Find the 

difference between the span and height for your group and borrow some data from another 

group. Also compute the average difference ignoring the (+) and ( - ) signs. What can you 

conclude from your measurements?  

 

 

3)  Now consider the average shoe length to be 30 cm.  This is your True Value.  Find the 

average value of the shoe length for th e group of students you measured.  This is your 
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Experimental Value.  Using Equation 1.1, find the percent discrepancy for your shoe data.  

Put the calculations in Table 1.7. 
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Data Sheet Laboratory 1  ______________ 

 

Name:  ________________________   Partner(s):  ____________________   

 

 

Table 1 .3  Pro cedure 1 Testing Your Knowledge  

 

1. 5,289 meters =   ___________ kilometers  

2. 5,289 centimeters = ________ meters  

3. 1,205 millimeters =  ________ centimeters  

4. 35,111 grams = ____________ decigrams  

5. 254 milliseconds = __ _______  seconds  

 

 

Table 1 .4  Procedure 2 Metric Measurement  

 

1.  Use a metric ruler to take the following measurements:  

     a. The length of this sheet of paper to the nearest millimeter is  ____________mm.  

     b. The width of this sheet of paper to the nearest millimeter is   ____________ mm.  

 

2. Observe your fellow students in terms of how tall they look and how big their shoes look.  

Based  on your observations, write a statement (hypothesi s) about how a pe rsonôs height 

relates  to their shoe size in the space below.  

 

 

3. Now take the following measurements and record the data in Table 1.5 

a. Measure your shoe length (heel to toe) and height to the nearest tenth of a  centimeter.  

b. Measure the  shoe length of your partner and height to the nearest tenth of a centimeter  

c. Measure the shoe length and height of six other students.  

 

 

Table 1 .5   Procedure 4.1  Metric Measurem ents & graphing of shoe size and height  

 

Personôs Name Shoe Length (cm)  Height (cm)  
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Table 1 .6   Procedure 4.2  Metric Measurements and  graphing of span and height  

 

Student Na mes  Span in cm  Height in cm  Diff= Span -  Height  

    

    

    

    

    

    

    

    

 

Average difference  = _____________  cm  

 

Table 1 .7   Procedure 4.3 Average Shoe Length and the Percent Discrepa ncy  

 

 

Aver age Shoe Length = _____________  

 

 

 

Percent Discrepancy = ____________  

 

 

Questions  

 

1.  Was the hypothesis that you stated in procedure 2 generally su pported by the data in Table 

1.5? Explain your conclusion.  

 

 

2.  Does t he best fit line on your graph indicate a direct or inverse relationship? Explain.  

 

 

 

3.  What does percent discrepancy tell you about the variety of the shoe lengths? Explain.  
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LABORATORY 2   

DENSITY  

Equipment  

 

Mass balance, 25 0-ml graduated cylinder s, 400 -ml beaker,  beaker of ice and water, rock 

samples (pumice and granite).  

 

Pre - lab Exercise  

 

Devise a method for measuring the volume of an irregularly shaped solid object (e.g., a rock).  

 

Purpose  

 

The purpose of this lab is to measure the density of water and rocks.  

 

Int roduction  

 

Density is a measure of buoyancy. Objects that are denser than water will sink in water, 

whereas objects that are less dense than water will float in water. Mathematically, density is 

defined as the ratio of mass to volume. In other words,  

 

Volume

Mass
Density                                  Equation 2 .1  

 

Density and mass are directly related: If mass increases, density increases (assuming that 

volume remains constant). Density and volume are inversely related: If  volume increases, 

density decreases (assuming that mass remains constant).  

 

Procedure 1 Density of Water  

 

1.  Zero the balance by pressing the tare button.  

2.  Weigh a clean, dry, empty graduated cylinder on the balance.  

3.  Fill  the graduated cy linder with 20 0 ml of water.  

4.  Weigh the filled cylinder.  

5.  Record data i n Table 2.1. Be sure to include units.  

6.  Calculate density from Equation 2.1; record result in Table 2.2. 

7.  Determine the experimental erro r of your density calculation. Experimental error is  

calculated as shown in Laboratory 1 . The accepted value for  the density of water is 1.00 

g/ ml (i.e.,  1.00 g/cm 2).  Show calc ulations and final result in Table 2.2. 

 . 

Procedure 2  Density of Ice  

 

Observe the beaker filled with a mixture of water and ice. Based on your observations, an swer 

the questions listed in Table 2.3. 
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Procedure 3 Density of Rocks  

 

1.  Now take a look at the granite and  pumice rock.  Pu t them in the 250 -ml beaker which 

is filled with 1 50 ml of water.  Which one floats? sinks?  The rock that float is less dense 

than water.  Record your results in Table 2.4 and state which is less dense than water.  

2.  Now put the gr anite rock in the water, record the level of the water in beaker. Do the 

same for the pumice.  Now subtract 1 50 ml from each level.  This will be the volume for 

each rock.  Report results in Table 2.5. . 

3.  Now weigh each rock and c alculate the density of pumice and granite. R ecord all 

measurements in Table 2.6. Show  all work and include all units.  
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Data Sheet Laboratory 2  ______________ 

Name:  ________________________   Partner(s):  _______________   

 

 

Table 2 .1  Procedure 1 Density of Water  

 

      Number and Unit  

Mass of empty cylinder   

Mass of cylinder plus water   

Mass of water   

Volume of water        

Density of water (experimental value)   

    

Table 2 .2  Procedure 1 Experimental Error of the Density of Water  

 

 

 

Table 2 .3  Procedure 2 Density of Ice  

 

The ice is (floating, sinking). Therefore, the ice is (more dense, less dense) than the 

water.  

Circle correct answers.  

 

  

Table 2 .4  Procedure 3.1 Estimate of Density of Pumice and Granite  

 

 

 

Table 2 .5  Procedure 3.2 Volumes of Granite  

 

Granite: Level in Beaker _____________  

 

             Original Level   1 50 -ml  

 

             Volume           ______________  

 

Pumice: Level in Beaker ______________  

 

             Original Level   1 50 -ml  

 

             Volume            ______________  
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Table 2 .6  Procedure 3.3 Density C al culation for Pumice and Granite  

 

 Pumice  Granite  

Mass   

Volume    

Density    

 

  

     

Questions  

 

 

1.  The mass of water does not change as it freezes. What must happen to the volume in 

order to  explain your observations in Procedure 2? Volume (increases, de creases). 

Circle your answer.  

 

 

 

 

2.  Are your density calculations ( Table 2.2) consistent with the estimates shown in  Table 

2.6? If  not, resolve any discrepancies.  

 

 

 

 

 

3.  How does the density of an object chan ge with size? For example, if you compare a big 

chunk of iron with a tiny piece of iron, which would have the greater density (big piece, 

small piece, both the same)? Circle your answer. Explain your answer in terms of mass 

and volume.  
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LABORATORY 3   

MOTION  AND FORCE  

Equipment  

 

Air track, glider, level, stopwatch, graph paper.  

 

Pre - lab Exercise  

1)  At the beginning of a trip, your car is moving at 50 miles per hour. Give examples of  

velocities at the end of your trip that represent  positive accel eration, negative accelera tion, 

and zero acceleration.  

 

2)  Give an example of a unit of each of the following: velocity  and acceleration . 

 

3)  What have you observed in a crash between a large truck and a small car?  

 

Purpose  

 

To study the relationship between velocity and acceleration and  how we use this to determine 

the force of an object.  

 

Introduction  

 

 A moving object has constant velocity if it covers equal distances in equal time. For 

example, if a car is moving at a constant velocity of 40 miles per hour, it covers 40 miles every 

hour. An object whose velocity is changing (increasing or decreasing) is said to be 

accelerating. For example, if a car's velocity changes from 40 to 50 miles per hour, it is 

accelerating.   And when multiply the acceleration by the mass of the object you re ceive the 

force the object exerts in a particular direction. Equations for velocity, acceleration , and force  

are given below.  

 

Time
Distance VelocityAverage                        Equation 3 .1  

 

2

VelocityFinalVelocity Intial
VelocityAverage       Equation 3 .2  

 

Time

VelocityInitialVelocity Final
onAcceleratiAverage    Equation 3 .3  

 

onaccelerati*massForce      Equation 3 .4  

 
 

 

Equation  3.1 states that if the final velocity is greater than the initial velocity, the  

accel eration has a positive sign ("positive acceleration"). On the other hand, if the final velocity 

is less than the initial velocity, the acceleration has a negati ve sign ("negative acceleration" or 

"deceleration "). Thus, positive acceleration correspond s to  an increase in velocity, whereas 

negative  acceleration (or deceleration) correspo nds to a decrease in velocity.  

Notes on Equations:  (1 ) For the purpose of this  lab, "velocity" and "speed" are use d 

interchangeably, but be aware this is  not strictly correct. (2) Equation 3 .2 assumes uniform 

acceleration.  
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Procedure 1 Data Collection  

 

The purpose of this procedure is to prove or disprove the statement:  

 

"A glider on an air track has constant velocity."  

 

You will be asked to design and c onduct an experiment to determ ine whether the velocity of a 

glider on an air track changes over five continuous laps of motion. Record your data in Table 

3.1. Include units.  

 

Procedure 2 Graphs and Calculations  

 

1.  On a sheet of graph paper, graph velocity (y -axis) as a function of lap number (x -axis)  

according to the graphing guidelines of Lab 1. Draw a best - fit line to your data. Turn in 

the graph with your co mpleted Data Sheet.  

 

2.  Calculate the glider's average velocity during the five continuous laps of motion. Show  

calculations and final results in Table 3.2. Include units.  

 

3.  Calculate the glider's average acceleration during the five continuous laps of motion. 

Show  calculations and final results in Table 3.3. Include units.  

 

4.  Then weigh the glider to find the gliderôs mass.  Take this mass and multiply the mass 

by the acceleration from the acceleration in part 2.4.  Include the mass and the 

calculations in Table 3.4.  Include units.  

 

5.  Finally, watch the demonstration conducted by the instructor of collisions between the 

different mass gliders.  And record your results in Table 3.5. 
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Data Sheet Laboratory 3  ______________ 

 
Name:  ________________________   Partner(s):  ____________________   

 

 

Table 3 .1  Procedure 1 Data Collection  

 

 Distance  Time  Average Velocity  

Lap 1     

Lap 2     

Lap 3     

Lap 4     

Lap 5     

 

  

Table 3 .2   Procedure 2.2 Velocity Calculation   

 

 

 

Table 3 .3   Procedu re 2.3 Acceleration Calculation  

 

 

  

Table 3 .4   Proc edure 2.4 Force Calculation  
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Table 3 .5   Procedure 2.5 Instructor Demonstration Observations  

 
 

 

 

Questions  

 

1.  During the five continuous laps of motion, the glider's velocity (increased, decreased,  

remained the same). This implies the g lider experienced (positive, negative, zero) 

acceleration. Circle your answers.  

 

 

2.  If you noted any change in velocity, what do you think caused this to happen?  

 

 

 

 

 

 

3.  What was the sign of the acceleration that you calculated in Procedure 2.3 ( Table 3.2)? 

Is this consistent with the best - fit line on your graph? Explain.  

 

 

 

 

4.  What occurred in the instructor demonstration?  Does this seem reasonable in what you 

have observed car crashes in the past?   
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LABORATORY 4   

 
FORCES AND THE FORCE  TABLE  

 
Eq uipment  

 
Force table, with four pulleys, string, four weight hangers, set of slotted weights, protractor, 

ruler, level, graph paper.    

Pre - lab Exercise  

 
1)  Define vector and scalar quantities.  

2)  What graphical procedure is used to add vectors?  

3)  Is speed a scala r or vector quantity?  

Purpose  

 
The purpose of this lab is to determine the resultant force R experimentally using the force 

table and graphically by drawing forces on graph paper using the head to tail method.  

Introduction  

 
Ideally, the resultant force sho uld be the same with either method. How close the numbers 

agree will be an indication of your accuracy in conducting the experiment.  Forces can be 

graphically represented by arrows and drawn on graph paper. The length of a force vector is 

proportional to its magnitude and the arrow points in the direction of the force.  

 

Graphical Method  

 

In the head to tail method , draw the vector representing the first force F1 to scale. Then 

draw the vector for the second force F2 in the correct direction beginning a t the head of the 

first vector. The resultant vector R can be found by drawing it from the tail of the first vector 

to the head of the second vector. From the graph, one can measure the resultant vector R and 

determine its magnitude and direction.  

 
 

 
 

 
 

 
 

 

 
 

 
 

 
                                                                             F2  

                                                        R 

 

                                             

                                              

                                               F1  
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Experimental Method  

 

A force table is a device that permits one to determine 

indirectly , the resultant force of several vectors. It is done 

indirectly; because one finds the equilibrant  force E rather 

than the resultant  force R. The resultant force  R has the 

same magnitude as the equilibrant force E but is in the 

opposite  direction. Remember this when you determine 

the resultant forceôs direction from the scale on the rim of 

the force table.  

  
 

 
 

 
 

 

 
 

Procedure 1   Determining Resultant Vec tors  

 
If the force table is not set up, assemble it and attach pulleys, strings and the appropriate 

number of weight hangers for each set of forces. Be sure the safety pin is in the hole in the 

center of the table and that the ring is around the pin. Next  perform the following exercises.   

Also, we will only using the masses as we are on Earth and the acceleration due to gravity on 

each mass is the same, therefore we will dealing using M  instead of F for the resultant.  

 

Experimental Resultant 1  -  Place th e pu lleys and weights for two masses :  M 1  = 200 grams 

in a direction of 0 o and M 2  = 200 grams in a direction of 90 o. Next grab the equilibrant force 

string and pull it while moving either to the left or right until you determine the appr oximate 

direction th at the resultant mass  will be in and place a pulley at that point. Next place weights 

on the resultant weight hanger  to balance the other two mass . It will be necessary to adjust 

the position of the resultant pulley and the amount of weight until a good ba lance is achi eved. 

Record the resultant mass  in the Data Table. Determine the direction of the resultant force as 

measured from 0 oand also record it in Table 4 .1 .  

 
Graphical Resultant 1   (See next page on instruct ions for drawing vectors.) Draw the 

forces M 1  and M 2  to scale and direction on the graph paper. First draw M 1  and then draw M 2  . 

Next transpose M 2   so that its tail is connected to the head of M 1  but still retains its original 

direction. Finally, draw a ve ctor from the tail of  M 1 and connect it to the head of M 2  . Now 

using the same scale that was used to draw the known vectors, measure the resultant R to 

determine its magnitude. Use a Protractor to measure its direction and record this information 

in the Data Table. How do the results from the two methods compare.  

 

Repeat the Experimental and Graphical procedures  for other Resultant forces 2 and 3 as 

listed in the data table.  

M 2 

M 1 

Equilibrant force E 
Resultant force R 
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How to Draw Vectors on Graph Paper  

 
Assume that you want to add the following t wo vectors by drawing them on graph paper using 

the head to tail method.  

 

M 1  = 200g at an angle of ȅ = 20 o  and M 2  = 200g at an angle of ȅ = 60 o  

 

1.  Exam the graph paper and count the number of big squares and the number of small 

squares within each large square.  

 

2.  Using the magnitude of your vectors determine the scale to be used for the graph. For 

example: if the largest  mass  is 200 grams, let each large square be equal to 20 grams. 

Thus, the vector will be 10 squares long . Since there are more vertical squares then 

horizontal squares on the 8 İò by 11ò paper it many be necessary to rotate the paper. 

Usually the scale is based on the largest vector.  

 

3.  If the vectors are between 0 o  and 90 o  use the first quadrant of the coordinate system. 

Start at the lower left hand corner of the graph paper and label the vertical and horizontal 

axis with the scale chosen in step 2. If the vectors are between 90 o  and 180 o  use the 

first  and second quadrants  of the coordinate system. If any quadrant besides the first 

are also used the origin of the graph can not be at the lower left hand corner but needs to 

be placed  somewhere on the graph . The exact point will depend on the scale and 

magnitude of the vectors. Ideally you want to be able to fit everything one sheet of 

paper. Sometime this cannot be done and two pieces of graph paper will have to be taped 

together. Alw ays try to make the graph as large as possible and remain on one sheet of 

paper. The larger your drawings the better the accuracy of the addition.  

 

4.  Draw each of the vectors on the graph paper. For the above example, we would use only 

the first quadrant  since no force is in a direction of more than 90 o .  

 

a.  With the protractor at the origin 

measure the necessary angle for 

the first vector. In this case it will 

be ȅ = 20 o . Draw a long line to 

represent this angle.   

b.  Next using the scale selected (20 

grams per large square) measure 

the distance along this line . This 

can be easily done using a ruler. 

Measure how many centimeters 200 

grams represents on the horizontal 

or vertical axis and transfer this 

length to the line a 20 o . Put an 

arrow head at t he end of the line. This is now the vector for force F1 .  

 

c.  Next repeat steps (a) and (b) for the force F2 at 60 o  . Since both forces in this 

example are the same magnitude , b oth vectors will be the same length .  

 

                            M2 

 

 

 

 

  

 

                                                                                M1 
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5.  Now move  one of the vectors so that the head of 

on touches the tail of the other and retains its 

original direction angle. While either vector can 

be moved it is best to move the second. The 

first vector usually rem ains fixed . If there are 

more than two forces, the second vector is 

moved such that its tail connects with the first 

vectors head. Then the third vector is moved 

such that its tail connects with the second 

vectors head, etc.  

 

 

6.  Finally, draw the result ant vector . It goes from the origin  to the head of the last vector 

added. In this case it would be vector two for force F2 .  

 

a.  Use the protractor to measure the angle of this resultant line and record the answer.  

 

b.  Next use the ruler to measure the length of the resultant vector in centimeters 

and measure this distance along the horizontal or vertical axis scale and determine 

how many grams it represents. Record you answer.  

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                        M 2  

 

 

                                                                  Move  M 2  

  

 

 

                                        M1 

 

                                                        M2 

                                                                                                        

 

                       M 2              

                                                                                           

Resultant  

                                                                          Angle  

                                      M 2  
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Data Sheet Laboratory 4  ______________ 

 

Name:  ________________________   Partner(s):  ____________________   

 
Table 4 .1  Data Table  

 

  

Forces  

 

Experimental  

Resultant  

 

Graphical  

Resultant  

 

Resultant 1  

 

 

 

M 1  = 200 g      ȅ = 0 o  

 

M 2  = 200 g      ȅ = 90  o  

 

R =  

 

ȅ =  

 

R =  

 

ȅ =  

 

Resultant 2  

 

 

 

M 1  = 150 g      ȅ = 20 o  

 

M 2  = 200 g      ȅ = 80  o  

 

R =  

 

ȅ =  

 

R =  

 

ȅ =  

 

Resultant 3  

 

 

 

M 1  = 200 g      ȅ = 0 o  

 

M 2  = 100 g      ȅ = 180  o  

 

R =  

 

ȅ =  

 

R =  

 

ȅ =  

 
 

Remember to measure the direction of the resultant vector from zero degrees on the 

force table. Also, give the graphical resultants directions measured from zero 

degrees with respect to the other vectors.  
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Questions   

 

1.  Which method of determining the resultant do you feel was  more accurate? Discuss 

your choice.  

 

 

 

 

2.  What are possible sources of error with the experimental method?  

 

 

 
 

 
 

3.  If an airplane is flying directly East at 200 mph and a cross wind from the North at 100 

mph pushes on the airplane, what direction will the pla ne travel and how fast? Show 

work.  

 
 

 
 

 

4.  Discuss how the forces were acting in the Resultant 3  exercise.  
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LABORATORY 5   

 
HEAT AND TEMPERATURE  

 

Reference  Physical Science (4th edition) by Bill W. Tillery. WCB McGraw -Hill, Boston, 1999.  

 

Equipment  

 

One 4 00 -ml beaker, be aker tongs, two smaller beak ers, stirrer, crushed ice, buns en burner, 

lighter, thermometer, graph paper, food coloring, sugar cubes.  

 

Pre - lab Exercise  (Physiological Experience of Heat)  

 

Gather three large pots or bowls that can hold sufficient water to co ver your submerged hand. 

Fill one with iced water. Fill the second with tap water at room temperature. Fill the third with 

very hot water (but not so hot as to bum you).  

 

Place one hand in the hot water and the other hand in the cold water for several minu tes, then 

quickly place them both in the lukewarm water. When both hands are initially placed in the 

lukewarm water, do they both feel that the water is at the same temperature? Or does one feel 

that the water is hotter? Describe your observations.  

 

Purpos e 

 

To study the interaction between the heat an object receives and the temperature it displays.  

 

 

Procedure 1 Phase Changes of Water  

 

1.  The fictional data in Table 6.1 show how the temperature changes as ice (original  

temperature = -30°C) is gradually heat ed to steam (final temperature = 140°C). On a 

sheet of graph paper, plot temperature (y -axis) as a function of th e amount of heat 

added by using time as the x -axis. Turn in the graph with your completed Data Sheet.  

 

Table 5 .1  Fictional Data on Phase Changes of Water  

 
Time 

(minutes)  

Temperature 

( C)  

0 -30  

1 -20  

2 -10  

3 0 

4 0 

5 0 

6 10  

7 20  

8 30  

9 40  

10  50  

 

 

Time 

(minutes)  

Temperature 

( C)  

11  60  

12  70  

13  80  

14  90  

15  100  

16  100  

17  100  

18  110  

19 120  

20  130  

21  140  
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2.   Fill the 300 -ml beaker to the 2 00 -ml mark with crushed ice  and then up to the 3 00 -ml 

with cold water . Suspend a thermometer in the center of the beaker. Record the initial 

temperature on the first row of Table 6.2. Heat the b eaker on a high flame, and stir 

constantly. Record the temperature every minute on the appropriate row of Table 6.2 

and note the state of the water. Stop recording data after the water has been boiling for 

at least three minutes. This may take more or less  time than the 15 minutes listed in 

Table 5.2; use the blank lines (or attach an additional sheet) as necessary.  

 

Procedure 2 Food Coloring Experiment  

 

This activity requires two small beakers; one filled with very hot water and o ne filled 

with very cold water. Use the water from Procedure 1.2 above as your very hot water. To 

obtain very cold water, add ice to tap water and wait for the ice to melt before proceeding. 

Gently add a drop of food coloring to each beaker. Describe your observations in Table 5.3 of 

data sheet.  

 

Procedure 3 Sugar Cube Experiment  

 

This activity again requires two beakers; one filled with very hot water and one filled 

with very cold water. You may use the colored water from Procedur e 2, or you may prepare 

fresh samples if you prefer. Carefully place a sugar cube into each beaker and observe what 

happens. Describe your observations in Table 5.4 of data sheet.  

 

Procedure 4 Temperature of Objects  

 

1.  Touch various  objects in the laboratory, such as metal, plastic and wood. Do they feel 

as if  they are all at the same temperature? Detail your observations in Table 5.5 of data 

sheet.  

 

2.  The laboratory is held at a constant temperature over long  periods of time. Therefore, 

objects in the laboratory should all be at approximately the same temperature. How can 

you reconcile this statement with your observations in Procedure 4.1 above? Explain 

your reasoning in Table 5.5. 
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Data Sheet Laboratory 5  ______________ 

 
Name:  ________________________   Partner(s):  ____________________   

 

Table 5 .2   Pro cedure 1 Phase Changes of Water  

  

Time (minutes)  Temperature ( C)  Notes on the state of the water  

0  Mainly ice; some liquid water  

1   

2   

3   

4   

5   

6   

7   

8   

9   

10    

11    

12    

13    

14    

15    

   

   

   

   

   

       

       

Table 5 .3  Proced ure 2 Food Coloring Experiment   

 
Observations:  

 

Table 5 .4  Pr ocedu re 3 Sugar Cube Experiment   

 

Observations:  

 

 

 

Table 5 .5   Proc edure 4 Temperature of Objects  
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Observations (Procedure 4.1 ):  

 

 

 

 

 

 

Explanation (Procedure 4.2):  

 

 

Questions  

 

1.  If your graph in Procedure 1 was no t a straight line, explain why not. (What physical  

processes caused the "steps" in your graph?)  

 

 

 

 

2.  Is it possible to add heat energy to an object without increasing its temperature? Give 

an  example.  

 

 

 

 

3.  Were the data that you collected in Procedure 1 cons istent with the fictional data 

provided?  Explain.  

 

 

 

 

 

 

 

4.  Which do you think have greater kinetic energy -  molecules in hot water or molecules in 

cold  water? Support your statements with the results of Procedures 2 and 3.
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LABORATORY 6   

 
CHEMISTRY  

 
 (Modified from "Carbo hydrate Tests" and "Amino Acids and Proteins" from  

  Laboratory Manual for Allied Health Chemistry by John A. Collins (Valley 

Press Inc.: 1992))  

Equipment  

 

Five  unknown carbohydrate samples, two  unknown protein/ amino acid samples, hot water 

bath, test tub es, Benedictôs test, Barfoed's test, Seliwanoffs test, Iodine test, Biuretôs test, 

safety goggles, Bunsen burner, burner ring and stand, Bunsen beaker, beaker bad, test tubes, 

test tube holders, test tube cleaning brush, five graduated cylinders, lab apron s, and latex 

gloves.  

 
Pre - lab Exercise  

 

 1)  What are the  three types of carbohydrates?  What foods do you eat these in daily?  

 2)  What test is used to determine the difference between sucrose and starch?  

 3)  What are sources of proteins that helps with hai r and nail growth?  

4)  What is a chemical formula and what does it tell about the elements in a substance.  

 

Purpose  

 

The purpose of this lab is to see different chemical reactions with everyday substances, 

carbohydrates and proteins.   

 

Introduction  

 

 We deal with these substances daily.  You will u se different tests to determine which of 7 

unknowns are these substances.  

Carbohydrates  are sugars that are present in pastas, breads, and desserts that we eat 

daily.  They provide energy to our cells.  Carbohydrates  are divided into three groups  called 

monosaccharides, disaccharides, and polysaccharides.  Monosaccharides  are located mostly in 

fruits and vegetables with the most import being glucose and fructose.  Disacchrides  are 

located mostly in "sweet" types of fo ods with the most important being sucrose and lactose.  

Lactose  is the sugar in milk.  Starch is the most important polysacchride and is located in 

breads.  The chemical formulation for a monosacchride is C n(H 2O), with n being the number of 

molecules from 3 to 7. The chemical formulation for disacchrides is C n+1 (H 2O) n.  

Proteins and amino acids  are the basic building blocks of your body.  They are present 

in meat, fish, beans and rice.  Amino acids are present in different structures of our cells 

especially  our DNA.  Proteins build up our hair and nails.  

Your first  task in this lab is to determine which of the unknowns  are fructose, glucose, 

lactose, sucrose, or starch. Finally , you must determine which are proteins  or amino acids . This 

is a step -by -step pro cess of elimination to discover the truth.  

 

 

 

 

 

 

 

Caution! Be very careful and follow the instructions. Please wear your 

safety glasses, latex gloves and apron. These chemica ls will stain skin 
and clothes.  
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Procedure  

 

1)  Set - up:  

a.  Prepare a boiling water bath. Start by putting the beaker pad on the ring stand 

and the Bunsen Beaker on the pad.  

b.  Place 400 ml of water in the beaker and place on the pad.  

c.  Next plac e the Bunsen burner under the pad, turn on the gas and light the 

burner. Adjust the flame for maximum heat. (As the water boils away it will be 

necessary to occasionally add water in order to keep the water level at about the 

400 ml mark.)  

d.  Put on the late x gloves, apron and safety goggles provided for you. People with 

long hair should tie up their hair with the rubber bands provided.  

e.  When asked to dispose of any samples in steps 2 -6, you should pour the sample 

down the drain with the water running.  

 

2)  Bened ictôs Test:  

a.  Label the test tubes as A, B, C, D, & E.  

b.  For each of the unknown carbohydrate samples, measure out 1 mL  of each using 

different a graduated cylinder and pour into a different test tube. Always  put 

unknown ñAò into test tube ñAò, ñBò into test tube ñBò and so on.  

c.  Next clean the five graduated cylinders.  

d.  Then using a graduated cylinder, pour 5 mL  of the blue Benedicts reagent into 

each test tube.  

e.  Place the five test tubes in the boiling water bath using the test tube holders and 

leave for 3 m inutes .   

f.  Remove the test tubes from the  water bath and inspect each for a reddish -

orange  color indicating a positive test . This implies the presence of 1) glucose, 

2) fructose, or 3) lactose.   

g.  Record the positive samples by placing a P in  the appropriate cell in Table 6.1 

and an N for samples with a negative test.  

h.  Dispose of all the samples as instructed above. Clean the test tubes using soap  

and a brush  for the next step.  

 

3)  Barfoedôs Test:  

a.  Now make new samples fo r the unknowns that were positive  for the Benedictôs 

test. If unknown ñAò was positive, you will pour unknown ñAò into test tube ñAò 

and so on.  Pour a fresh 1 mL  of each positive unknown into different test tubes 

using different graduated cylinders. Next c lean the graduated cylinders.  

b.   Now add 5 m L of the Barfoedôs reagent to each test tube using a clean 

graduated cylinder.  

c.  Place each test tube in the boiling water bath for 10 minutes .  A reddish -orange  

color forms for a positive result in the bottom  of th e test tube. This indicates 

either glucose or fructose  is present.   

d.  Record the positive samples by placing a P in the appropriate cell in Table 6.1 

and an N for samples with a negative test. If you have a negative  result you 

should be able to identify  this unknown. What is it? Write the name in  the 

appropriate cell of Table 6.2.  

e.  Dispose of all the samples in this test as instructed above. Clean the test tubes 

for the next step.  

 

 

 

 



Revised -  7/29/2010   6.3  

4)  Seliwanoffôs Test:  

a.  Now make new samples for the unknowns that were positive  for the Barfoed's 

test by pouring a fresh 1 mL  into two correctly labeled test tubes as in the 

previous step.  

b.  Add 4 mL of Seliwanoffôs reagent to each.  

c.  Place these in t he boiling water bath for 5 minutes .   

d.  The first  test tube exhibiting a dark red color is fructose  (So keep an eye on the 

samples during this test).   

e.  The second  test tube exhibiting the dark red color is glucose .  

f.  Print fructose or glucose in the appropri ate cell in Table 6.1 for each of the 

unknowns.   

g.  Dispose of these two samples as instructed and clean the test tubes.  

h.  Turn off your hot water bath and let it cool down.  

 

 

5)  Iodine Test:   

a.  Using the unknown sample(s)  that tested negative for the Benedictôs test, pour 2 

mL  of the unknowns into two clean test tubes labeled correctly.  

b.  Next add a drop  of iodine solution to each.  A positive test for Starch  should 

produce a blue -black color.   The negative sample is sucros e.   

c.  Dispose of the samples as instructed.   

d.  Record each of the test results in Table 1  by writing sucrose or starch in the cell 

indicating the test and unknown letter.  

e.  Make your determination of which unknown is glucose, fructose, lactose, 

sucrose, or st arch and write the name of the unknown in  Table 6.2. Clean the 

test tubes.  

 

6)  Biuretôs Test: (This is the second part of the lab.)   

a.  Reuse the test tubes that were labeled as  ñAò and  ñBò in step 2. Be sure these 

test tubes have been washed.  

b.  Take each of the amino acids/protein  unknown samples labeled ñAò and ñBò and 

pour 2 mL  of each in separate test tubes using different graduated cylinders. 

(These are different samples of ñAò and ñBò than were used in the first part of 

this lab.)   

c.  Pour unknown ñAò into test tube ñAò and unknown ñBò in to test tube ñBò. This 

test involves two strong acids SO HANDLE EACH WITH CARE .   

d.  Using a different clean graduated cylinder, add 2 mL  of the NaOH solution to 

each test tube and mix by moving the test tube in a SLOW swirling motion. Be 

careful not spill or splash anything on you.  

e.  Next  add 5 drops  of CuS0 4 and mix with the same SLOW swirling motion. Wait a 

few minutes for a reaction to occur. A purple  color indicates an amino acid .  A 

ye llow tinge  or blue , color indicates a protein .   

f.  Report the results in Table 6.3 by writing the name of the unknown ñAò and ñBò 

in the space provided. Dispose of the samples and clean the test tubes  

 

 

Wash any dirty test tubes, clean up your lab table and put supplies back in their 

original containers or place before leaving the lab.  
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Testing for Carbohydrates  

 

5 Unknowns  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lactose 

Benedictôs Test 

Glucose 
Fructose 
Lactose 

2 unknowns 

Barfordôs Test 

Glucose 
Fructose 

2
nd

 Glucose 

Seliwanoffôs Test 

1
st
 Fructose 

Iodine Test 

Starch 
Blue-black Sucrose 

Positive 

Negative 

Negative 

Positive 

Positive 

Negative 
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Data Sheet Laboratory 6  ______________  

Name:  ________________________   Partner(s):  ____________________   

 

Table 6 .1  Carbohydrate Unknowns  

 

Unknown  Benedict  Barfoed  Seliwanoff  Iodine  

A 

 

    

B 

 

    

C 

 

    

D 

 

    

E 

 

    

 

Table 6 .2   Carbohydrate Results  

 

 

Unknown                                Name of Unknown  

A 

 

 

B 

 

 

C  

D  

E  

 

Table 6.3 Amino Acid/Protein Results  

 

Unknown                                Name of Unknown  

A  

B  
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Questions  

 

1.  Disacchrides are the combination of two different monosaccharides.  Fructose and 

glucose combine to make sucrose and their  molecular number is  n=6.   What is the 

chemical formula for each?    

 

 

 

 

 

2.  If you were a CSI (Crime Scene Investigator), and you found a sample of blood at the 

scene, how would you tell  if your suspect preformed the crime? You have a suspect that 

happens to be diabetic and you know that Diabetics have too much glucose because 

their pancreas does not produce enough insulin to process the glucose.  Explain you 

deductive process in detail.  
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LABORATORY 7   

 
TOPOGRAPHIC MAPS  

 

Equipment  

 

Persimmon Creek, NC topograph ic map , hand lens , rulers , One Earth Globe  

 

Pre - lab Exercise  

 

Go to the following website:  

http://www.topozone.com/map.asp?lat=26.08&lon= -

80.2353&datum =nad27&u=4&layer=DRG&s=1000  

 

Answer these questions:  

1)  What location do you see in the map?  

2)  Does the map have many contour lines (line s that show a change in elevation) ? 

3)  What occurs when you change the scale on the left hand side of the map?  

 
Purpose  

 
The p urpose of this lab is to study topographic maps and learn how they model three 

dimensions through a two dimensional model.  

 
Introduction  

 

The topographic map shows a birdôs eye view of the location of hills, valleys, rivers, streams, 

lakes, the steepness o f slopes and other features natural and man -made.  

 

Topographic maps are quadrangle maps generally prepared by the United States Geological 

Survey (USGS).  A quadrangle map is a rectangular area of the earthôs surface. 

 

MAP SCALES, LATITUDE AND LONGITUDE, A DDITIONAL INFORMATION ON TOPOGRAPHIC 

MAPS 

 

MAP SCALES 

 

A topographic map is a scale model representing a part of the earthôs surface. 

 

The scale  of a map is how much smaller the map is than the real world it represents.  They 

are expressed in three differe nt ways.  

 

A fractional scale expresses how much smaller the map is as a fraction such as 1/24,000 or 

1:24,000.  This means that the map is 1/24,000 the size of the real world and that any unit 

distance on the map is 24,000 times larger in reality.  For exa mple, 1 centimeter (inch, foot) 

on the map equals 24,000 centimeters (inches, feet) on the ground.  The standard sizes are 

1:24,000, 1:62,500, and 1:250,000 although other scales are sometimes used.  

 

http://www.topozone.com/map.asp?lat=26.08&lon=-80.2353&datum=nad27&u=4&layer=DRG&s=1000
http://www.topozone.com/map.asp?lat=26.08&lon=-80.2353&datum=nad27&u=4&layer=DRG&s=1000
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A verbal scale  is a simpler way of stating the differenc e between the map distance and 

ground distance.  For example, ñone inch equals one mileò.  A verbal scale may not be precise 

but is close enough for rough estimates.  

 

A graphic scale  is a line or bar drawn showing miles, feet and kilometers so that with a ruler 

the distance on the map can be scaled out.  

 

Figure 7 .1  Conversion Table  

 

LATITUDE AND LONGITUDE  

 

Every topographic map can be located precisely on the earthôs surface by the international grid 

system o f latitude and longitude.  Lines of latitude  circle the earth parallel to the equator.  

The equator is zero degrees latitude and latitude increases degree by degree in each direction 

north and south of the equator toward the poles.  Maximum latitude is 90  at each pole.  

 

Lines of longitude  circle the earth from pole to pole.  The zero line of longitude is the prime 

meridian, which runs through Greenwich, England (near London).  Longitude increases east 

and west of Greenwich degree by degree around the globe  until 180  is reached on the 

opposite side of the globe.  

 

The latitude and longitude of every topographic map is shown at the corners of the map, with 

subdivisions shown along the map edges.  

 

Topographic maps usually cover two degrees of area or less.  Me asurements are in seconds, 

minutes, and degrees.  There are 60 seconds in a minute and 60 minutes in a degree.  Written 

for example as 75  30ô 25ò:seventy-five degrees, thirty minutes, twenty - five seconds ò.  
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Figure 7 .2   Generalized system of meridians and parallels.  The location of point X is 

longitude 45  West, latitude 45  North.  

 

 

 

TOPOGRAPHIC MAPS AND RULES OF CONTOURS  

 

Topography  is the general configuration of a land surface, including its relie f and the position 

of its natural and man -made features.  (Etymology: Greek topos  ñplaceò, and graphien  ñto 

writeò.)   

 

A topographic map  shows a surface relief by contours drawn at regular intervals above mean 

sea level.  It is generally on a sufficiently  large scale to show in detail selected man -made and 

natural features including relief and such physical and cultural features as vegetation, roads, 

and drainage.  

 

Contour lines  are imaginary lines, or lines on a map or chart, that connects points of equal  

value such as elevation of land surface.  

 

The contour interval  is the difference in value between two adjacent contours, eg. the 

vertical distance between the elevations represented by two successive contour lines on a 

topographic map.  It is generally a regular unit chosen according to the amount and 

abruptness of the change involved and the scale of the map.  

 

Benchmarks  are a permanent metal tablet or other mark firmly embedded in a fixed and 

enduring natural or artificial object, indicating a precisely determined elevation above or below 

a standard datum (usually sea level), bearing identifying information, and used as a reference 

in topographic surveys and tidal observations.  Abbr. BM  

 

 

The Rules of Contour Lines:  

 

1.  All points  on a contour line have the  same elevation .  

 

2.  The surface immediately on the inside of a normal contour line is always at a higher 

elevation than the surface immediately on the outside of the line.  
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3.  Contour lines that are close together indicate a steep slope , while contour lines tha t are 

far apart indicate a gradual slope .  

 

4.  A contour line crossing a stream bends in the general form of a ñVò with the apex of the ñVò 

pointing upstream.  

 

5.  Contour lines eventually close, or connect end to end, creating an enclosed area, although 

this may happen outside the map area.  

 

6.  Contour lines never branch or split.  

 

7.  Contour lines never intersect or cross.  

 

8.  Hachured contour lines represent hollows or closed depressions.  

 

 

There are usually six colors used on topographic maps:  

 

Brown  ï relief ï hills, v alleys, mountains, plains  

Blue  ï water ï lakes, ponds, stream, canals, swamps  

Black  ï culture ï roads, railroads, buildings, land boundaries  

 

Red  ï major roads  

Green  ï forests, scrubs, woodlands, vineyards, orchards  

Purple  ï features added from aerial phot ographs during map revision. (The changes are not 

field checked).  
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Procedures  

 

Procedure 1 Calculating Scales  

 

Use Figure 7.1 in the introduction, calculate the different scales.  You may obtain the fractional 

scale on the bottom of your map.  Put your answers in Table 7.1. 

 

Procedure 2 Information on a Topographic Map  

 

Using the Persimmon Creek, NC topographic map  locate the information asked in Table 7.2.  

 

Procedure 3 Determining Relief and Elevation on a Topographic Map  

 

Local relief  is the difference between two points.  Total relief  is the difference between the 

highest elevation and lowest elevation in a region or on a map.  

 

Gradient  is the rate of ascent of an inclined surface of the earth (steepness of a slope).  

Gradient is calculated as the Rise/Run or the difference between the high and low elevations of 

a particular area/the measurement straight down the slope (using a b ar scale).  

 

Please calculate the requested relief and gradients and enter your results in Table 7.3. 

 

Procedure 4 Drawing Contour Lines  

 

Using the partially construc ted topographic map in Figur e 7.3, draw  in  the contour lines using 

the following steps.  

 

STEP ONE   Find the highest elevations on the map and mark them with an X.  These will be 

the tops of hills and the contour lines will circle them.  

 

STEP TWO   Draw contour lines.  The lakeshore is the first contour line at 600 feet.  Use a 

contour interval of 20 feet to draw the 620 feet, 640 feet, etc. contour lines around the hills.  

Estimate where the contour lines are between the elevations provided.  

 

Procedure 5 Constru cting an Elevation Profile  

 

Using the topographic map in Figure 7.4, construct an elevation  profile.  

 

STEP ONE   Use a straightedge to project the intersection of each contour line, stream, hilltop 

that crosses the  line AB down onto the correct elevation on the topographic profile.   Start with 

960 feet and label the graph every 20 by skipping every other line until you reach the top.  

 

STEP TWO   Complete the elevation by connecting all the points of the elevation on  the profile.  
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Data Sheet Laboratory 7  ______________ 

 

Name:  ________________________   Partner(s):  ____________________   

 

Table 7 .1  Procedure 1 Calculating Scales  

                    

 

1.  Calculate the verbal scale for each of the fractional map scales.  

 

a.  1:24,00 0    b.  1:62,500    

    20 00      ft/in     ________  ft/in    

________  mi/in     ________  mi/in    

________  km/cm    ________  km/cm     

 

eg: 1 inch on map = 24,000 inches on ground  

 1 inch on map = 24,000  12 = 2,000 feet on ground  

 

2.  Write the fractional scale  of the Persimmon Creek , NC map______________  

 

3.  Measure the verba l scale of feet per inch from #1  against the graphic scale at the 

bottom of the map.  Are they the same?   ______________  

 

 

Table 7 .2  Procedure 2 Information on a Topo graphic Map  

 
 

1.  Write the latitude of the map (north end).  ____________  

 

2.  Write the latitude of the map (south end).  ____________  

 

3.  What is the distance in degrees, minutes, and seconds from north to south on 

the map?  ____________  

 

4.  Write the longitude of th e map (west side).  ____________  

 

5.  Write the longitude of the map (east side).  ____________  

 

6.  What is the distance in degrees, minutes, and seconds from west to east on the 

map?  ____________  

 

7.  What is the approximate  latitu de and longitude of Canady  Gap?  ____________  

 

8.  Calculate the real distance from north to south in kilometers.  ____________  

 

 

9.  Calculate the real distance from east to west at the south end of the map in 

kilometers.  ____________  

 

10.  When was the map published?  ____________  

 

11.  When was the map  photorevised?  _______________  

 

12.  What is the contour interval?  ____________  
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Table 7 .3   Procedure 3 Determining Relief and Elevation on a Topographic Map  

 

 

1.  What is the local relief between Ghormley Mounta in and Bearpaw Creek?  

 

 

 

2.  What is the highest elevation on the map?  ____________  

 

3.  What is the lowest elevation on the map?  ____________  

 

4.  What is the total relief of the Persimmon Creek, NC map?  __________  

 

 

 

 

 

5.  What is the difference in elevation (in met ers) between the high elevation at 

Damons Mountain and the low elevation at Garland at the highway?___________  

 

6.  What is the distance in kilometers straight down the slope from the highest 

elevation to the highway?  ____________  

 

7.  Calculate the average gradi ent of the slope in a fractional scale of meters of fall per 

kilometer. (calculate to smallest possible terms)  ____________  

 

 

 

 

 

8.  What is the highest benchmark elevation?  ____________  

 

 

9.  What is the lowest benchmark elevation?  _____________  
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Figur e 7 .3  Procedure 4  Draw ing Contour L ines.  
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Figure 7 .4   Procedure 5 Creating an Elevation Profile.  

 


