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Introduction to Experimental Physics


0 
0.1 Int
This course, Physics 102M, provides an opportunity for you to test, in a laboratory setting, some of the basic laws that govern the physical world in which we live. At the same time, this course will indicate the role of experimentation in deciding whether a given theory or hypothesis about the physical world is a universal law.

Physics 102M is designed to be taken concurrently with Physics 302K, which provides the theoretical basis for the experimental work done in 102M. The work we do in this laboratory course will help you develop an intuitive understanding of some of the basic concepts of physics which are defined and discussed in the text and lectures of Physics 302K.

0.2 Understanding Basic Concepts of Physics

 Physics deals with everyday phenomena, but they must be expressed in terms of certain basic concepts before the laws of physics can be applied. For example, Newton's Second Law of Motion accurately predicts the motion of an object, but it does so by giving the acceleration of the object when forces act on it. You cannot hope to use the Second Law until you understand what “acceleration” and “force” mean, and you soon find out that simply memorizing their definitions is not very helpful.

In this course you will learn to find the acceleration of an object from measurements of its position at various times. You will learn to measure the forces acting on objects in order to apply the Second Law. In the process of carrying out the experiments you should begin to make the mental connections between the definitions of the concepts and your real-world experiments.

0.3 Experimental Physics

Scientific Proof: Most people know that scientific hypotheses or theories are tested by performing appropriate experiments. It is less well known, however, that experiments can never prove, in the mathematical sense, that a theory might happen to give the same results for a given set of experimental conditions. At most, experiments can be used to show that a theory is probably false. This would be the case if the experimental results contradicted the predictions of the theory. As a consequence, scientists spend much of their time trying to show, by a wide variety of experiments, that some theory is false. If no one succeeds after many attempts, the theory comes to be accepted as a law.

Properties of Matter: Experiments are not only used to test scientific hypothesis, they can also be used to measure basic properties of material objects, such mass density, heat capacity, force constants, etc.  We will do some of that in the laboratory course.

Measurement Uncertainty: All measurements have some degree of uncertainty built in simply from the limitations of the measuring devices. Therefore, every measurement that we make in the lab must be reported with the uncertainty due to the measuring device. We will use the rule that a measurement has an uncertainty equal to 1/2 the smallest interval on the measurement device. When you take a measurement, estimate the smallest part of the smallest interval. Your measured number consists of your best estimate of the number 
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 the measurement uncertainty. For example, if a length is measured with a meter stick, the smallest interval marks are 1 mm apart. Therefore, the uncertainty of a length measurement for this measuring device is 0.5 mm or 
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Every calculation we make using measured quantities will have an uncertainty to it. Let us assume that two quantities, x and y, are measured so that 
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, where 
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 are the measured values and the measurement uncertainties are 
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. The quantities we compute using x and y will also have an uncertainty. Let us give three examples:

1. If we calculate the sum, 
[image: image9.wmf]zxy

=+

 it is 
[image: image10.wmf]00

zxyxy

dd

=+++

. Therefore, if 
[image: image11.wmf]0

zzz

d

=+

, then 
[image: image12.wmf]000

zxy

=+

 and 
[image: image13.wmf]zxy

ddd

=+

;

2. If we calculate the product, 
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If 
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3. If we calculate the nth power of x so that 
[image: image21.wmf]n

zx

=

, then a series expansion gives


[image: image22.wmf]1

000

(),

nnn

zxxxnxx

dd

-

=+=++

K



where we have neglected terms in 
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We can neglect terms of higher order in 
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As an example, let us find the volume of a cylinder. The volume is 
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where 
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Error and Percentage Error: There may be error sources, both systematic and random, not accounted for by the measurement uncertainty of our measuring devices or by our theory.  For example, in experiments which test the laws of dynamics, we try to eliminate the effects of friction and of air resistance as much as possible, but they can never be entirely eliminated. Both of these effects will cause systematic deviations of our results from our theoretical predictions.

When performing a measurement of some physical quantity, we need to find as many ways as possible to check to see our results are reasonable and can be trusted. Have sources of error crept in that we are unaware of? If the experiment measures some quantity, V, for which there is a known “accepted" value, 
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The percent error gives an estimate of the discrepancy between our measured result and the accepted result. If the discrepancy is larger than expected considering the known inherent errors in the experiment, then we must reexamine all aspects of the experimental procedure until we understand the source of the large discrepancy.

Sometimes we do a measurement of some quantity, V, for which there is no known accepted value.  However, if we measure V in two different ways and get results, 
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, then we can check the internal consistency of our measurement process by computing a relative percentage error
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We will use both the percentage error and the relative percentage error in this laboratory course.

Experimental Conclusions:  One or more numerical values, expressed with an estimate of their uncertainty, will be the result of any experiment. The final step is to draw a conclusion about the hypothesis or theory being tested on the basis of these values: Are the results consistent with the predictions of the theory to within the uncertainty inherent in the experiment? If not, why not? Is the theory wrong, or is it possible that systematic errors caused the discrepancy? Any statements about the effects of a systematic error must be logically consistent. For example, if you say that friction in the apparatus caused the measured acceleration to differ from that predicted by the theory, you must show that friction would lead to a lower acceleration if your measured value is lower than that predicted, and vice versa.

0.4 The Laboratory Report

 At the end of each chapter there is a Lab Report sheet which will help guide you in taking data during the experiment, and in analyzing that data afterwards. This sheet can be torn out of the lab manual and must be turned in as part of your Lab Report. Your Lab Instructor will give you additional questions and topics to discuss as part of your Lab Report.

How to Construct Graphs: You will often be asked to present your results in the form of a graph. As an example, consider the table below which contains data on the position versus time and the velocity versus time of an accelerated object.

	t (s)
	x (m)
	v (m/s)

	0.100
	0.064
	0.533

	0.200
	0.141
	0.861

	0.300
	0.242
	1.15

	0.400
	0.340
	1.39

	0.500
	0.530
	1.77
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It is useful to plot this data in the form of graphs because it provides a visual picture of the information contained in the data, and can show qualitative features of the data not obvious from just looking at the numbers. Figure (0-1.a) shows a graph of position x versus time t for an accelerated object, where x is the position expressed in meters plotted along the vertical axis, and t is the time in seconds plotted along the horizontal axis. The experimental values are indicated by the ( symbols. Figure (0-1.b) shows a graph of velocity V versus time t.  From theory we expect the V vs. t data to fall on a straight line, because we know that 
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 is the velocity of the object at time, t = 0, and a is the acceleration of the object. The smooth curve drawn near the experimental data points in Fig. (0-1.b) is the best fit to the data and gives some indication as to where data points taken at intermediate times might have fallen. When creating such plots, it is important to choose scales for the horizontal and vertical axes so that the plotted points occupy most of the space available for the graph. Otherwise you won't be able to represent the points with maximum possible precision.

There are two quantities which we usually try to obtain from a graph with a linear fit (which fits a straight line). They are the slope of the “best fit” line and the point at which the “best fit” line intercepts the horizontal or vertical axis. In creating a graph like that in Fig. (0-1.b), there are some useful rules to follow.

1. Draw the graph as large as possible so the data fills the sheet, but still allow space for an intercept to be determined.

2. Draw a best fit line that fits the data.

3. Determine the intercept. In Fig. (0-1.b) the intercept of the “best fit” line with the vertical axis is  
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 m/s. This is the velocity of the object at time, t = 0. The intercept of the “best fit” line with the horizontal axis occurs at 
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s. At this time the object had zero velocity. That is the time at which the object started moving.

4. Determine the slope by picking two points, 
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, as far apart as possible along the “best fit" line and use the slope formula
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5. Calculate the quantity of interest from the slope. (In Fig. (0-1.b) the slope is equal to the acceleration, a. From the graph we find 
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PHY 102M – Pre Lab for Experiment-1
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          CLASS TIME                                             

1.
A ball is rolling along the x-axis.  At t =2 s it is located at x = 6 m; at t = 4 s it is at x = 16 m; at t = 8 s it is at x = 48 m. Assume constant acceleration.

a. Find its displacement, 
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, during the time from 2 to 4 seconds.

b. Find its average velocity, 
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, during the time from 2 to 4 seconds.

c. Find its average velocity, 
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, during the time from 4 to 8 seconds.

d. What is t when the object's velocity, v, is equal to its average velocity, 
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, during the first time interval?

2. Calculate and insert in the tables below the values missing from the tables in the description of the experiment.
	j 
	xj (cm)

	1
	2.5

	2
	8.2

	3
	13.0

	4
	16.4

	5
	19.0


Tj is the time at which the jth video frame is captured.  The position, xj, is the position of the steel ball in the jth frame. (The data is taken at 30 times per second.)

	j
	tj (s)
	xj (m)

	1
	.0333
	.0250

	2
	.0667
	.0820

	3
	.1000
	.130

	4
	
	

	5
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	j
	vm,j (m/s)
	tm,j (s)
	Ā = g (m/s2)

	1
	1.71
	.0500
	-8.10

	2
	1.44
	.0833
	-12.6

	3
	1.02
	.117
	

	4
	
	


Average Acceleration (m/s2) =

Note that 
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 is the instantaneous velocity of the picket fence at time 
[image: image64.wmf],

mj

tt

=

.

Fig. 0-1








_1085049211.unknown

_1085050282.unknown

_1085051141.unknown

_1085051362.unknown

_1085053854.unknown

_1086181218.unknown

_1086181330.unknown

_1085053897.unknown

_1085055209.unknown

_1085055250.unknown

_1085055163.unknown

_1085053891.unknown

_1085051494.unknown

_1085053826.unknown

_1085051493.unknown

_1085051316.unknown

_1085051345.unknown

_1085051279.unknown

_1085050401.unknown

_1085050554.unknown

_1085051126.unknown

_1085050546.unknown

_1085050363.unknown

_1085050382.unknown

_1085050331.unknown

_1085049818.unknown

_1085050107.unknown

_1085050190.unknown

_1085050281.unknown

_1085050179.unknown

_1085049989.unknown

_1085050009.unknown

_1085049950.unknown

_1085049403.unknown

_1085049553.unknown

_1085049783.unknown

_1085049593.unknown

_1085049704.unknown

_1085049536.unknown

_1085049241.unknown

_1085049267.unknown

_1085049212.unknown

_1085048921.unknown

_1085049067.unknown

_1085049092.unknown

_1085049210.unknown

_1085048987.unknown

_1085048955.unknown

_1085048976.unknown

_1085048943.unknown

_1085048830.unknown

_1085048898.unknown

_1085048829.unknown

