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Preface

Welcome to “University Physics Labs”. The information age is upon us, but
physics is still and will remain to be the foundation and the core of natural science. It
follows that physics holds its place as one of the basic and compulsory courses for
students majoring in Information Science and Engineering. And the developments and
discoveries in modern sciences and technology are invariably bonded with physics. Years
ago an international poll was held to nominate ten scientists worldwide in terms of their
contributions to sciences and their influences on sciences as well as on mankind. Over
half of the scientists selected turned out to be physicists. This clearly shows how closely
related is human activities to physics. And physics experiment is an integral part of
physics. It can safely be said that a physics theory is vulnerable without the verification
of its physics experiment. In the history of the past century no Nobel Prize for Physics
has been reportedly awarded to any physicists without the proof of scientific
experiments. This indicates what important roles physics experiments play in scientific
research.

Before getting involved into any specific experiments, a basic and preparatory
knowledge concerning many frequently occurring experiment errors is provided in the
first chapter of this book. Many issues related to analyses of experimental uncertainties,
including the sources the uncertainties come from, the quantitive calculations and
analyses of the errors. Also the data processing and graphing are discussed in
introductory study.

Our physics labs include three parts: the mechanics and vibrations, electricity and
optics as well. The first part involves with kinematics, dynamics, mechanics of
materials and vibrations including several classic experiments. The second part includes
the electrical experiments, which are related to DC bridge, Hall effect, Lissajous
Pattern, and DC circuit analysis using Excel. Finally, the optical experiments consist of
the following experiments: reflection and refraction of light, optical spectrometer,

Newton’s ring, Photoelectric effect and basic characteristics related to lasers.
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The book is written in English, but to make it easier for some Chinese students, we
have attached “Brief Introduction of the Lab”, “Scientific Vocabularies” and “Notes” in
Chinese. The writers of this book began to use this book from Sept. 2013, with
bilingual lecturing and instructing. The course was well received by students who not
only listened with concentration in class but also enjoyed the challenge of writing their
lab reports in English. Through our personal experience we are deeply aware of the
toughness of teaching natural sciences in native and world languages interchangeably.
But while we feel our attempt of bilingual teaching in universities well worthwhile and
rewarding, we found a nationwide difficulty in this practice owing to a lack of qualified
teachers and availability of lab textbooks. This book is attempted to fill in, at least in a
limited way, the gap. We believe strongly most of our students in colleges or
universities are ready to take bilingual science courses.

The three writers of this book are all graduates from Nanjing University but in
different years and through different experiences. The book not only features the
traditional rigorous training style of physics experiment of Nanjing University but also is
a reflection of our teaching careers both in China and in other parts of the world. We
take this opportunity to express our heartfelt gratitude to our predecessors. We owed
our thanks to Terry Sturtevant for his contribution for the original works in the labs. In
the course of writing and editing the book Zhang Jianrong gave us a great support. Jin
Lingchen and Yu Hai sent us unselfishly dedicated efforts to assist us with drawing and
illustrations, shooting photos and preparing laboratory equipment before and during the
labs. We would like to express our sincere thanks to them. Without their help this book

is impossible to come out.

Wu Zongsen, Wang Junyi and Yu Guangliang
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2l Chapter 1 Fundamentals of Physics Labs

Lesson 1-1 Forwards about Labs

& 18 SRS

It’s not that I’'m so smart, it’s just that I stay with problems longer.
—Albert Einstein

Objectives about labs

Physics is the natural science that involves the study of matter and its motion
through space and time, along with related concepts such as energy and force. More
broadly, it is the general analysis of nature to understand how the universe behaves.

Learning physics can not take place completely and successfully without doing
physics experiments. The importance of physics experiments is not only in
understanding, verifying and finding the laws of physics through the labs, but also any
remarkable breakthrough in physics always is related strongly to physics experiments.

With the rapid developments of physics in the recent decades, the relationship of
physics with physics labs is closer than ever. Consequently, students are in need to be
familiar with the basic labs like mechanics, waves, photonics, electricity, heat,
magnets and semiconductors. Also, cultivating and training interdisciplinary
intellectuals have become a urgent task for our universities. Especially, our students are
required to know modern optics, optical fiber communication technologies, sensor
technologies, modern biology, modern material science, and so on. The students are
required not only to understand and follow all experimental steps, but also discover the
basic physics laws behind the data they obtained from the labs.

The goal of physics labs is as follows:

@ Establishing and extending the basic skill for physics experiments;

@ Verifying the existed physics laws and theories;

® Studying how to implement, operate and eventually design experiments to

explore new phenomena and laws in physics.

Physics experiment requirements

1. Pre-Lab Prepare Request

Before stepping in the physics laboratories, students are required to understand:
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@ What are the main purposes of the lab?

@ What is the related background?

® How is the experiment going on?

@ What are the experimental procedures?

If available please browse the internet for the query or investigation on the
corresponding experiments and relevant keywords for both Chinese or English. Try to
understand what the content you should do in this lab and sum up the experiment in
your own words. If any doubt occurs, you do your own thought first and later ask the
lab instructors if necessary. These steps are critical for leading to a success of your
experiment,

2. The experimental class requirements

During the period of experiments, you focus on the labs with a constant care and
alertness, compare the part of theory with the experiment data, seize the key points,
study the physics principle and understand the essence behind the phenomenon you
observe.

Most fresh students do not know how to use the instrument properly in the lab,
however, it is a big help to read the manuals carefully before starting your experiment.
It certainly helps you to reduce or avoid the unnecessary mistakes and overcome
obstacles for operating your instruments. Please be familiar with the frequently
employed instruments or devices, such as multimeters, oscilloscopes, and function
generators for instruments, verniers and calipers for devices.

If the equipment is more complex, you must read the operation manual, or check
the manual on line. Never rely solely on the teacher. If you assume that you can count
on the teacher, that is definitely wrong! While exploring the complex instruments, the
simple way to regard it as a black box approach, to understand the relationship between
input and output parameter, minimize all influence of instrument itself, so you can do
labs with your heart, not distracted by complex instruments operation.

3. The data recording and processing of the experiment

The most precious things are the experimental raw data and various outputs of
intermediate results, such as output waveforms, the output images. Some raw data can
be stored directly in the equipments used, like digital oscilloscopes. If you have flash
disk in hand, just copy it and use it later when you deal with the experimental data for
your calculation and analysis.

Your data of measurements should accompany with the measurement uncertainties,
recording precision, and system zero error, etc. Always keep them together in your
mind.

It is extremely important that you have a right and obligation to record and copy the

original data from your measurements, however, you prohibit to create or change your
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data which is the crime of falsification of data. Never think about it and never touch it!

4. The lab report

The Lab report is a comprehensive summary of the experimental data after the
experiment, a complete report should include the following contents;

@ The lab title, lab room number, lab tutor and date;

@ The purpose of the experiment;

® The lab background and physics principle;

O A list of lab apparatus used;

@ Experimental procedures;

@ Recorded experimental data;

@ Calculations and uncertainties analysis and discussion;

® A summary and conclusion with your own words or the problem you solved.

Students are encouraged to write down their personalized summaries and
conclusions, also the calculation and uncertainty analysis are very important to reflet

how well the students are involved with the labs during and after the labs.
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1. It’s not that I'm so smart, it’s just that I stay with problems longer.

—Albert Einstein
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2. Learning physics can not take place completely and successfully without doing
physical experiments. The importance of physical experiments is not only in
understanding, verifying and finding the laws of physics through the labs, but also any
remarkable breakthrough in physics always is related strongly to physics experiments.
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3. Most fresh students do not know how to use the instrument properly in the lab,
however, it is a big help to read the manuals carefully before starting your experiment.
It certainly helps you to reduce or avoid the unnecessary mistakes and overcome
obstacles for operating your instruments. Please be familiar with the frequently
employed instruments or devices, such as multimeters, oscilloscopes, and function
generators for instruments, verniers and calipers for devices.
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4. Your data of measurements should accompany with the measurement
uncertainties, recording precision, and system zero error, etc. Always keep them
together in your mind.
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5. It is extremely important that you have a right and obligation to record and copy
the original data from your measurements, however, you are prohibited to create or
change your data which is the crime of falsification of data. Never think about it and

never touch it!

R T A2 » AR AR LS50 AN S AR B S i » LR 44 A T 2 R i
%ﬂm



