





As mentioned earlier, the resultant force (RF|7) is the sum of F; and F,. These are
achieved by putting the x and y-components together. The slide below labeled Figure 9, takes the
students through this method. As seen below, both the x and y-components are computed, but
only the process for the resultant force for the x-component will be discussed, but (RF2)y is done
the same way.

By adding Fx to Fay, (RF2)x can be found. Notice that the values are Fix is -0.866 and Fyx
is 1.50; therefore, (RF2)x is 0.634N. This value is then written in the row labeled RF > and
column labeled x-component. Now, (RF2), can be computed; see in Figure 9 that the process is

the same as (RF2)x.

Foree ) Direction {7 . x- component -

1.13 E -0.856

177 150

0.634

Figure 9: Calculating the x and y components together

These are the x and y components, so to find the resultant force, more mathematics are

needed. The equation used is somewhat more involved, but notice the similarity for RF|; and
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how close it is to that of the Pythagorean Theorem (c*=a*+b?); it is also treated and computed the
same as this Theorem. The square of 0.634 plus the square of 1.66 equals 0.412 and 2.16; the
square root of the sum of these two numbers equals 1.78N. See in Figure 10 how this answer is

then inserted into the force column and row RF);.

Force (M) Directiou ¢}

113 140

1.7% 32

: ‘Equationtouse:

RFy, = V(F,)% + (FlZ)zy

'mple of calcutating magnitude:

78N=V(0.634)2 + (L.66)2

Figure 10 Calculating the resultant force

There is one last calculation to make before I'1 and F; are done, and that calculation is for
the direction of RF,;. Figure 11 shows these last steps. By taking the inverse tangent of (F )y
divided by (Fi2)y, the angle or direction (in our situation) can be found. The vale for (Fi2), is 1.66
and (F12)x is 0.634, which equals approximately 2,62 when rounded accordingly, and the inverse
tangent of 2.62 equals 69.1°. A victory dance may be performed at this point since Figure 12
shows; an example of what Table 2 looks like when Fy, F», and RF}; are completed. Students are
still required to finish the calculations for F; through Fs, and then the entire Table 2 in the lab

manual and the pre-lab are complete.
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lating Resultant Direc

Mass (ka) Farce (IN) Direction ("} X- component

045 113 JED] -0.566

0.189

Lio

@
hd
_

RFy == L% 0.6H 166

alculstions for the companent method

Equation touse:

6 =tan (Fy,), / (F1,),

B ‘Example of calculating direction:

- 69.1°=tan 1.66/ 0.634

Figure 11: Finding the direction

Fovce 0 Darection (%} X- comp enent

1.13 140 £.866

L3 al 150

1.8 s9.1 05634

lab . manual

ﬁm.i‘.fui' thie tmnponentnethad

Figure 12: Completed example for F|, Fa, and RF»
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The third and last video prepares students for the in-laboratory experiment. It is in this
section where students observe, take careful measurements, keep a running record of their data,
and make conclusions or inferences to communicate their results in their final lab write-ups. In
theory, by scaffolding the experimental set-up of the lab equipment, the understanding of the
content should increase and the time spent in lab should decrease. Figure 13 begins by discussing
objectives to be met in lab, how having the pre-lab work completed will lead to less time

manipulating equipment, and gaining a better understanding of what is expected of them.

Figure 13: Introduction to the experimental method

Figures 14 and 15 show the students what lab equipment will be used in lab for the
coming week during Procedure C. Figure 14 shows the boxes holding the varying masses used
and the two different types of paperclips for final adjustments to the hanging mass. Figure 15 is a
still image of the force table used. Figures 15, 16, and 17 will be further addressed in this section

on how to manipulate pulley systems and the objective of the force table.
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Figure 14: Mass sets used

The force table image in Figure 15 shows a face-on view of the apparatus and needs to be

discussed in order to have an understanding of what is to be observed and measured in lab.

Figure 15: The force table
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By looking at Figure 15; notice that along the circumference there are numbers from zero
to 360 degrees; this indicates direction. There are three movable pulleys, each with a string that
is tied to a center white ring that is placed over the black center post, and the other end of the
string is draped over the “frictionless” movable pulley tied to a hanger. The objective for the
students is to hang the appropriate amount of mass on the hanger, which is given to them in
Table 2 of the lab manual. Students then must find the mass for the resultant force, or as soon to
be discussed, the equilibrant force (EF). The resultant and equilibrant forces are the same in mass

and force, but differ in direction.

Figure 16: Using the movable puliey to find the direction

Once students have hung the given amount of mass they move the movable pulley system
(Figure 16) to gauge the given directions. These too are provided in Table 2 of the lab manual.
Now that the given masses, forces, and directions are set, it is up to the students find the

equilibrant force. The equilibrant force, as mentioned a moment ago, is by definition the same in
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magnitude as the resultant but differs in direction. Interestingly enough the equilibrant force is
rotated 180° from the resultant force.

Figure 13 shows this relationship on the chalkboard directly behind me. The board has
the forces clearly marked as F;, Fy, RF2, and then 180° of RF; is the EF ;. Students actually
have an idea of where this should approximately be because they have already theoretically
calculated the resultant force in Table 2, so by subtracting or adding 180° from their answer, they
have where the equilibrant force (EF)} approximately is. After this direction is established, mass
is added to the hanger/pulley system (see Figure 17) until the white ring is centered equi-distance
around the black center post (Figure 15, image reveals set-up, but not exactly around black
center post). Students will use a careful eye in order to make this measurement but will observe
that there is some uncertainty in their measurement.

After the empirical observation, the mass and direction data are recorded, and the weight
can then be calculated by Newton’s Second Law again to find equilibrium, W=mg, where (g) is
9.81m/s%. To complete the experimental method, portion Fy through Fg are done the same way as
F; and F; then the students have the data and measurements they need to write their lab reports,
which are due five days later in the spring semester. Furthermore, if the results come to fruition
as a positive gain, then the videos and data will be reviewed to see about adapting the videos as a

permanent fixture on the physics webpage to be used across all sections for future semesters.

49



Iigure 17: Hanging mass for applied force
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Appendix F
Lab 3: The Addition and Resolution of Vectors

51



Experiment 3

The Addition & Resolution of Vectors
[You MUST complete some procedures BEFORE coming to lab.]

Objectives

The main purpose of this experiment is to demonstrate the process of the addition of two
vectors to form a resultant vector. You will determine the sum of two vectors using a
graphical method then you will verify the sum by using a force table. You will compare
both these results to the answer you obtain analytically.

Introduction

In physics, the direction an object is moving is just as important as how far it actually
moves. A mathematical too!l called a vector is used to keep track of direction. Vectors
represent quantities that have not only a magnitude (size/famount) but also have a
direction. To combine vectors we must accurately keep track of the magnitude and the
direction. Many important physical quantities are vector quantities such as displacement,
velocity, acceleration, and force. A force exerted on an object can cause the object to
move. When more than one force acts on an object special care must be taken to properly
account for the directional aspect of each force to obtain the net effect. This process is
called the addition and resclution of vectors.

In this experiment we will be using the force of gravity. The Earth is exerting a force on
you right now; that gravitational force is also called your weight. This force has a
magnitude (how much you weigh) and its direction is straight downward. The force is
very different from your mass. Your mass is simply how much stuff you are made of —
how many carbon, nitrogen, and oxygen atoms, etc. Mass has no direction and your mass
is the same no matter where you are in the universe!

All of our experiments in this lab are done near the surface of the Earth where the force
of gravity, which we will call F g can be determined by

Fg = (mass of object) x (acceleration due to Earth’s gravity) = mg.

The term g is the acceleration due to Earth’s gravity and equals 9.80 m/s>. The units of
force are called Newtons (N). ! N =1 kgm/s’>.  An object with a mass of 1.00 kg
therefore has a weight of 9.80 N.

Theory

There are two common ways to mathematically add vectors. The first methed is based on
drawing accurate pictures and using a ruler and a protractor. It is called the graphical or
parallelogram method. The second method is purely analytical, and uses algebra and
trigonometry to determine the vector sum. It is called the component method. Both
methods should produce the same answer within experimental limits.
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Parallelogram Method: Vectors are represented graphically by arrows drawn on a
coordinate system. The arrow has a tail and a head. The scaled length of the arrow is
proportional to the magnitude of the vector. It is the distance from the tail to the head.
The direction of the arrow (orientation relative to the coordinate axes) tells you the
direction of the vector. The head points in the direction the vector is acting.

Figure 1 shows you how to add two vectors using this method. To add two vectors F; +
F3, position the tails of both vectors at the origin of the coordinate system. Form a
parallelogram with F; and F, as adjacent sides while maintaining their angular
orientations. Draw an arrow along the diagonal of this parallelogram (from the origin to
the opposite corner). This arrow is a new vector Fyz and it is the vector sum of F; and Fs.
This new vector is also called the resultant. The magnitude and orientation angle (6) of

the resultant are measured directly from the diagram using a ruler and protractor.

Figure 1

Component Method: When we place a vector in a coordinate system as shown in Figure
1, we see that the vector can be represented by a certain x-position and a certain y-
position. To reach the head of the arrow, we must move a certain distance horizontally
and a certain distance vertically. These distances are called the (horizontal) x-component
and the (vertical) y-component of the vector. Opposite directions are indicated uvsing a
negative sign. Typically, a negative x-component indicates that the vector has a
component acting to the left, and a negative y-component indicates that the vector has a
component acting downward.

To add vectors together using this method, we first must resolve each vector into its
components. This is done using basic trigonometry (sines and cosines). The vector sum
of any number of vectors can be obtained by adding all the corresponding x and y
components of the individual vectors. In our example, to find Fj3 =F, + F2 we must
add up the components as shown below:

(Fia)x =Fuix + Fx and  (Fizly = Fiy + Fay
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The magnitude and direction of the resultant F;; are found by

F,
Fip= ﬁ,[Flg.d- F;,  and 0= tan'l(Fl'-‘].

12x

Note that 8, as determined above, will be the reference angle; you must use the signs of
Fix and Fyy to determine the vector angle 6. By convention we will always take the
vector angle 0 to be measured counterclockwise from the positive x-axis.

Example: LetF; inFigure 1 be 20 N at and angle of 16° and let F, be 23 N at an angle
of 57°. We can then find the vector sum:

Fix=20Ncos16°=192N F;=20Nsin 16°=5.51N
F=23Ncos57°=125N F=23Nsin57°=193N

SO, F12x= 317 Nand Flzy =24 8N

thus, F, =y/(3LIN) +(24.8N)’ =403 N

and @ =tan™ Fiay - tan'l(-z—‘}-'-gﬁ) =38°
Fy, 317N

Procedures
A. Graphical Determination of the Components of a Vector

[You must complete this section before coming to lab. Show your TA your
drawings and ask your TA to initial your handwritten copy of Table 1.]

1. Use the parallelogram method to find the vector sum for the first pair of vectors listed
in Table 1. Draw a vector diagram to scale on a sheet of graph paper using a ruler
and a protractor. You will find a paper protractor in Appendix C. Use a scale such
that the finished diagram fills mest of the paper. You must make up a scale. Be sure
to record how many centimeters (length of the arrow) represent 1.0 N of force on
your diagram. Append your drawing to your lab report.

2. Measure and record the magnitude and direction of the resultant vector with a ruler
and a protractor and record the results in Table 1.

3. Repeat steps one and two for the other two pairs of vectors listed in Table 1.

Scale used to draw lines: cm = N
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Table 1

Vector Mass (kg) Force (N) Direction

F 0.125 145°

F, 0.175 20.0°
Resultant ¥y, -

Fy 0.110 160°

F4 0.050 35.0°
Resultant F34 -

Fs 0.175 45.0°

Fg 0.125 270°
Resultant Fs4 -—

B. Analytical Determination of the Components of a Vector

[You must complete this section before coming te Iab. Be sure to ask your TA to
initial your handwritten copy of Table 2.]

4. Use the component method to determine the vector sum of each of the pairs of
vectors listed in Table 2.

Table 2
Vector Mass (kg) | Force (N) | Direction | x component | v component
F, 0.125 145° :
F, 0.175 20.0°
Resultant F, —
F; 0.110 160° |
Fy4 0.050 35.0°
Resultant F4 -—=
Ks 0.175 45.0°
F 0.125 270°
Resultant Fsg ---

C. Experimental Determination of the Components of a Vector

5. In front of you on the desk is a force table. Three hangers are attached, by strings, to
a cenier ring on the force table. [Note: the mass of the mass hangers must be taken
into account]. F| is represented using one string by placing a total mass of 0.125 kg
(including the hanger) at an angle of 145°. F; is represented using another string by
placing a total mass of 0.175 kg (including the hanger) at an angle of 20.0°.
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6. Now place masses and paper clips on the third hanger to determine the third force,
Fziz2 = -Fy, that brings the center ring into equilibrium about the center pin. Record
the total mass of the third hanger. Be sure to measure the mass of any paper clips you
have used. (Keep track of your significant figures.)

7. Determine the magnitude and the direction of Fg2. This is the force needed to
balance the two forces Fy and F,. It is not the resultant; it is the equilibrant. The
resultant of the two forces Fy and F; has the same magnitude as Fgiz but is in the
opposite direction. Record the magnitude and angle of both the equilibrant and
resultant in Table 3.

8. Repeat steps five through seven for the other pairs of vectors listed in Table 3.

Table 3
Vector Mass (kg) Force (N) Direction

F, 0.125 145°

F> 0.175 20.0°
Equilibrant Fg)5 —
Resultant F; ---

F, 0.110 160°

Fa 0.050 35.0°
Equilibrant Fgs4 ===
Resultant F34 -—-

Fs 0.175 45.0°

F 0.125 270°
Equilibrant FEJ'G ——
Resultant Fss ——

9. Take your values from the analytical method as the true values and determine the
percent error in the magnitudes of the graphical and experimental directions,

10. Take your values from the analytical method as the true values and determine the
absolute error in the angles you measured in the graphical and experimental methods.
Absolute error is just the difference between the true value and the measured value,

Questions for Thought

Q1i. Why is the equilibrant of two forces equal in magnitude to their resultant, but
opposite in direction?

Q2. Did you expect the graphical or the experimental method to be more accurate?
Why? Do your results support this expectation?
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Q3. The x-component of a certain force is 65 N and its y-component is -35 N. Find the
magnitude and direction of this force.

Q4. How would you use the graphical and the experimental methods to subtract one
vector from another (i.e., to find their difference)?

Q5. Take your values from the analytical method as the true values and determine the
percent error in the angles you measured in the graphical and experimental
methods. Reflect on why you were not asked to calculate the percent error for the
angles as part of the laboratory procedure.
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Appendix G
Grading Rubric for Lab 3
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Lab Report Grading Rubric for PHY 221/223 Experiment #3

Poor Excellent
Section Pts | Secfion Section
Score
0 Cover Page 05 (-04]-03([-02].0. 0
Includes the five required elements
2 Abstract (<75 words) 0 02 | 04|06 |08 1
Abstract conveys a sense of the fult report
-a person should be able to read the abstract (perhaps in a library
of ]ab reports) and understand the objectives and outcomes of
the experiment,
The abstract should be no more than 75 words long, Please
provide 2 word count.
4 Introduction 0 20 | 40 | 60 | B0 1
Effectively presents the objective and purpose of the lab
Successfully discusses the general principles and [aws
Successfully describes equations and their uses
Discusses the role of the equipment
2 Results 0 0.1 [ 02 103 |04 ] 05
Effectively describes, in a couple of sentences before each table or
drawing, how the data was obtained or the table was drawn.
Presents visuals (tables & graphs) typed clearly and accurately
-al! tabjes and graphs should have appropriate titles
-briefly describes trends seen in tables and/or on graphs
A sample of each required calculation is shown (read the lab
manual carefully to identify all the necessary calculations)
-all equations sheuld be typed and appear as they would in a
physies texthook
-used correct units & significant digits
-calenlated answers are correct
Correctly identifies at least two specific sources of etror.
Successfully discusses how each emor would affect the measured
and ¢aleulated outcomes.
1 Questions 0 02 [ 04 | 06 | 0.8 1.0
Questions presented in the lab manual are answered correctly and
thoroughly. (This week number your answers.)
I Caleulations Using Component & Parallelogram Method 0 02104 106 |08 ] 10
Student has correctly completed the calculations BEFORE
coming ta lab.
2 Excel Calculation & Graphing Homework 0 04 | 08 1.2 1.6 | 2.0
Completes calculations; submils spreadsheer with formutas &
graph
1] Grading Ruobrie -0.5 0
Student has dewnloaded and attached the correct rubric
Penalty for late submission
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Appendix H
Lab 3 Example
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The Addition and Resolution of Vectors

Experiment #3

NAME
SID#
Partner — /\/A ME.
PHY 223
Lab Instructor — AN ME

Monday/Wednesday, 10:30 AM - 12:20 PM

Lecture Instructor — A/ A, ME_

Abstract

In this experiment we found resulting vectors graphically, analytically, and
experimentally. The parallelogram method gave results that were measured with a
protractor while the analytical method relied on mathematical evaluation. During the
experiment we used a force table to evaluate what magnitude and direction would c.n
produce an equilibrant vector that balanced two given vectors. Both graphical and
experimental results proved similar to the analytical method. However, graphical
measuremernts were observed as more accurate than experimental. (75 words)

G pEAT
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Introduction

In this lab we experimented with vectors; how they are added and how to find
resulting magnitudes and angles. We were given the magnitude and direction of two
vectors and asked to find the resultant magnitude and direction of the third vector.

Before lab we performed graphical and analytical calculations to determine the
values of Resultant Fyz, Resultant Fi4, and Resultant Fss. Graphically we drew both given
vectors using graphing paper and scales that indicated how many centimeters represented
how many Newtons. We measured the resulting vectors with a protractor and the
conclusions are documented in the handwritten Figure 1. Analytically we used a series of
equations to calculate what the magnitude and direction of the resultant vector would be.
These equations are listed below:

(EZ);ZF;X+FZ: (Ez)y:Ey+F'ly
‘FIZ ZJ(F]z:)z “'(Fu,v)z
gztan_][@] ‘ w
‘Fl‘.’x

In lab we used a force table similar to the one shown below.

§* <o vt 7

The weights we placed on the hangers and the pulleys were moved to the correct
angle in the circle. Then we tested the third vector by adding weights one at a time and
moving the pulley to different angles until we could find the correct magnitude and
direction. The weight of the vectors were converted into magnitudes measured in
Newtons by the following equation:

F, = (mass) x (acceleration) = mg

After finding the experimental values we compared the magnitudes
experimentally and graphically to the analytical calculations using the percent error
equation:
|tme - observedl

frue

We also calculated the absolute error of the angles by comparing the experimental

and graphical values to the analytical values using the following equation.

Soerror = x100%

Absolute,,,., = true— observed .
H\EE/’\' S R Suf f‘jﬂ
ELAPR S W P o
e
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Results

The values for the force in Newtons was obtained by multiplying the mass by the
acceleration due to gravity (F=mg). And the direction of the equilibrant vector was
obtained experimentally using the force table in lab.

‘Two of the three hangers on the force table were given the masses and angles of
Fy and F; while the third hanger was used to determine the best possible vector to bring
the center ring to equilibrium. This process was repeated for F3 and F, as well as Fs and
Fg. The resultant angle was found by subtracting 180° from the equilibrant angle.

Mass Force . )
Vector Direction
(kg) &)

F, 0125 | 1.225 | 1as°

Fs 0.175 | 1.715 | 20.0°

Fquilibrant |} 1401 | 2450
Fg12

Resultant - 1401 | 65.0°
Fiz

F; 0110 | 1.078 | 160°

F, 0.050 | 049 | 35.0°

Equilibrant _ 0.9016 310°
Fgsq

Resultant |\ | oo0161 1300
F3s

Fs 0.175 | 1.715 | 45.0°

¥, 0.125 | 1225 | 270°

Bquilibrant | 1 135 | 130,50
Fess

Resultant |1 1137 | o500
Fss

Data Table I ~ Magnitude and Direction of Vectors (Analytical Method)
F, = (mass}x (acceleration) = mg

F, = (0.125kg)x(9_ssﬂzj =1.225N

Resultant angle = Equilibrant angle ~ 180°

Finding trends in the collected data isn’t very apparent when just looking at this RvE.
table buﬁfmg these values to the graphical and analytical values found
during the pre-lab, similarities are present. The magnitudes and angles of the Resultant
vectors reflect similar values that were obtained graphically and analytically in Figures 1
and 2 of the handwritten, pre-lab analysis.
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The graphical and analytical values present in Data Table 2 and Data Table 3

were found using the pre-lab processes which are detailed in latter written pages.

Analytical Graphical | Experimental Graphical | Experimental
Values Values Values Percent Percent
(True) Error Error
Reitllta“‘ 1.43 1.42 1.401 0.699% 2.03%
12
Resl;’“aﬂt 0.89 0.885 0.9016 | 0.562% 1.30%
34
Re}“:;a“‘ 1.213 120 1137 L07% | 627%

Data Table 2 ~ Percent Error in Magnitudes

For percent error, graphical values trend (at least) twice as small as experimental
values and therefore are more accurate.

|true — observea’|

Yoerror = x100%
frue . -
[1.43N —1.42N] ~
— % 100% = 0.699%
1.43N
Analytical . . Graphical | Experimental
Values Graphical | Experimental Absolute Absolute
Values Values
(True) Error Error
RCSFI‘]ftal’lt 64_70 66.0° 65.09 _1.30 _0‘30
12
Resultant 133° 1330 130° 0.0° 3.0°
Fayq
ResFl‘ﬂtant -0.570 2-00 0.50 _2.570 _l '070
56

Data Table 3 — Absolute Error in Angles

Absolute

errar

= frue — observed
64.7° - 66° = —1.3°

For absolute error, the trends aren’t as consistent as with percent error. For
Resultant F}, and Fsg the experimental errors are smaller but for Resultant Fs, the
experimental error is much larger than the graphical error.

gLt .

Der™

A
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Error Analysis

Parallax is the first of two important sources of error. While lining up the pulleys
on the force table, parallax can interfere with the accuracy of the angle measurements. If
this difference was large enough, it could change the absolute errors in Data Table 3. For
example, if the angle measurements were off slightly on the two given vectors for
Resultant F)3, and the resultant angle was 66.2°, the experimental absolute error would be
larger than that of the graphical absolute error.

64.7° - 66.2°=-1.5°
If this were also true for Resultant Fsg, the results of the absolute error analysis would
conclude that the graphical measurements are always more accurate than the
experimental ones.

Another source of possible error lies in the accuracy of the weight measurements. 5!

In the experiment we used disk weights as well as paperclips and the hanger itself which
was measured to be 0.5 g. If these measurements were slightly incorrect it could affect
the magnitude of the given vectors and the resulting vectors. The following percent error
calculations could be thrown off by these incorrect weights. For example, if the
magnitude of Resultant ¥y, was 1.44 instead of 1.401, the percent error would have been
much different:

1.43V —1.44N)]

1.43N ,
This percent would indicate that the graphical and experimental values were equal but
opposite in error and it would have made it more difficult to construct trends.

x100% = 0.699%

Conclusion

Through our experiment we found the equilibrant and resultant angles for two
vectors and although their magnitudes were equal, their angles differ by 180°. This is
because the equilibrant angle is the one that balances the two vectors in the opposite
direction while the resultant vector measures the two vectors added to gether@

Both graphical and experimental methods produced magnitudes and directions
that were similar to the analytical values. I expected the graphical results to be more
accurate because there are more chances for error in the experimental process. Graphical
analysis contains parallax as a possible source of error while experimental measurements
can include weight error, angle parallax, and other errors within the force table used. My
results reflect that the graphical analysis was more accurate in all areas except for the
absolute error in Resultant Fy2 and Resultant Fss. These are the only two instances where
the praphical error is slightly larger than the experimental erro@

Finding the magnitude and the direction of a force can be determined through a
known x-component and a known y-component. For example, if the x-component of a
force is 65 N and the y-component is -35 N, the resulting magnitude can be found by the
following equation:

65
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vy -+, )

¥ =J(65N) +(35N) = 74N o
The direction of this vector can then be found using trigonometric equations. The angle
can be found, for ingtance, by using the following information:

adjacent 0 = cos™ _adjacent
hypotenuse hypotenuse

_35NJ_1180) Der .NED
74N

uadrani four so we must add ISO° 10 6 giving us

cosd =

HSSIE

However, we know that the vector i1
a vector direction of 298"(@

Graphically, subtracting vectors would require taking the same magnitude of one
of the vectors but drawing it 180° opposite of the original. Then you would continue with
the parallelogram method to find the resulting vector which would be equivalent to the
difference of the given vectors. Experimentally, you would move one of the two given
vector hangers 180° and continue with the procedure. The difference of the vectors would
be the resultant angle (Equilibrant-1 80°).@

The analytical, graphical, and experimental values for the resultant angles were
used to find the absolute error instead of the percent error. Here [ will compute what the
percent error would have been if it was part of the laboratory procedure.

Analytical Graphical | Experimental Graphical | Experimental |

Values Values Values Percent Percent
(True) Error Emror

Regi;‘:l]}ztant 6470 6600 65(00 -2,0% '0-46%

Resultant 133° 133° 130° 0.0% 3%

¥y
Resl;.‘l_lzant 0.57° 2 (o 0.5° 450% 188%
2

Data Table 4 — Percent Error in Angles

|frue - observed|

Yoerror = . x 100%
Fue
64.7° - 66.0°
gx 100% = -2.0%
64.7°

[ presume that we weren’t asked to perform this set of calculations because the percent
errors vary immensely. From -2.0% to 450%, it is difficult to draw conclusions from
values that are so vastly different.@
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PHY 221/223 Laboratory Homework Assignment #2

Scienttfic reports rely heavily on presenting information visually. Tables, charts, graphs,
sketches, photographs, and illustrations are the staples of scientific communication. There are
three primary reasons for choosing to present information visually:

+ To make deciphering information or analysis of information easier.

* To describe relationships among data that are not apparent through other means.

+ To communicate visual aspects of a phenomenon or apparatus.

Once again imagine that you have collected the data shown in Table 1 below. The data come
from the measurement of the forces on an object in circular motion. This data will be similar to
some you collect in Experiment #7. Just as in the first assignment, do not worry if you do not
know the physics, use the equations below the table; this is an Excel exercise, not one in physics.

Your TA will show you, in lab, how to put a constant in an Excel spreadsheet, how to calculate
values using the constant, how to graph data and how to create a trendline from a graph.

Type the following set of data into an Excel spreadsheet and do the calcutations. Staple this page,
a printout of your completed table, a printout of your formulas and a printout of your graph (with
a trendline) to the end of your report for Experiment #3. This assignment is worth two points of
the twelve you can earn for Experiment #3.

Hanging Mass=  0.52] kg

Radius Period Force
(m) (s (N)
0.1100 0.7721
0.1220 | 0.7741
0.1339 | 0.7762
0.1459 0.7783
0.1577 | 0.7806
0.1696 | 0.7830
0.1321 0.7856
0.1943 0.7891
0.2056 0.7921
0.2179 | 0.7956

Tll{—lf fnd ;)Figj! 4 (lu
pinit E R il Table |. Data and calculations from rotational motion of a mass.
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PHY 223 Lab HW 3#2

Hanging mass = 0.521 kg
Radius Period Force
(m) (s) (N)
0.1100 0.7721 3.80
0.1220 0.7741 419
0.1339 0.7762 4,57
0.1459 0.7783 4.95
0.1577 0.7806 5.32
0.1696 0.7830 5.69
0.1821 0.7856 6.07
0.1943 0.7891 6.42
0.2056 0.7921 6.74
0.2179 0.7356 7.08

Average period:
0.7827 4 ec

Table 1. Data and calculations from rotational motion of a mass

72



Z# MH 987 €22 AHd

{se|nuuo) Yyym) SSELU B JO UGROW [BUOITEI0S WO} SUCHEINS|ED Pue Bleq | SiqEL

| iaisd)aoveaav=
‘poliad sbereny
v L Q)1 0.2808.80'6E)= 956.'0 62120
(ZveL a1 0.2808,8V BE)= LZ6.°0 95020
{ZvZ1aX(ZLD.2$08.87 BE)= L6820 EFEL0
(Zvi La){11D.2$03.87 6E)= 9%8.'0 1ZBL0
(2v01L )01 O, 2887 6E)= £8L°0 86910
(2v8A)(6D.2803.9F 6E)= 9084'0 )
(2v8G)(89.2803.8¢7 BE)= £8.44°0 6SYL 0
{2v210)22.2308.8Y 6E)= 29.4'0 BEEL 0
{2v90)/8D.2$0%.8¢ 6E)= Wil ZZL'0
(Zve@)AGD.Z$08.8Y BE)= \2LL°0 LLO
(N) {s) ()
adlog poliad snipey

2

126°0 = ssew BuBuep

73



Force (N)
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Figure 1. Graph of Force (N) vs. Radius (m} with trendline
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Lab Report Grading Rubric for PHY 221/223 Experiment #3

Poor

Excellent

Section Pts

Section

Section
Score

Cover Page

@)

Includes the five required elements

Abstract (<75 words)

0.8

2

Abstract conveys a sense of the full report
-a person shoutd be able to read the abstract (perhaps in a library
of lab reports) and understand the objectives and outcomes of
the experiment.

The abstract should be no more than 75 words long. Please
provide a word count.

s
(\ N

Introduetion

80

Effectively presents the objective and purpose of the lab

Successfully discusses the general principles and laws

Successfully describes equations and their uses

Discusses the role of the equipment

NS =

Resulis

0.4

Effectively describes, ir a couple of sentences before each table or
drawing, how the data was obtained or the table was drawn,

Presents visuals {tables & graphs) typed clearly and accurately
-al! tables and graphs should have appropriate fitles
-briefly describes trends seen in tables and/or on graphs

N

A sample of each required calculation is shown (read the lab
manual carefully to identify all the necessary calculations)
-all equations should be typed and appear as they would ina
physics textbook
-used correct units & significant digits
-calculated answers are correct

.

Correctly identifies at least two specilfic sources of error.
Successfully discusses how each error would affect the measured
and calculated ouicomes.

Questions

1.3

Questions presented in the lab manual are answered correctly and
thoroughly. (This week number your answers,)

Calculations Using Component & Parallelogram Method

0.8

Student has correctly compigted the calculations BEFORE
coming to lab.

Excel Caleulation & Graphing Homework

Completes calculations; submits spreadsheet with formulas &
graph

Grading Rubric

0

Student has downloaded and attached the correct rubric

Penalty for late submissien

75

| Points Earned

N




