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Reading Strategies

Prediction

Before you read, you look at the title, pictures and charts (if there are any),
and predict the content. Having some idea of the subject matter will help you
concentrate more on the reading.

Skimming

You run through the text to get the main ideas or facts in it. Skimming is
useful when you have a lot of reading materials to go through and / or when
you need to choose one out of many items for close reading.

Scanning
You move your eyes quickly over the text to find particular information. You
will need to scan through a text when you want to find a particular fact or
idea in it.

Close reading
You read closely; that is, you read every single word, weighing its meaning.



JUnit 1

Before You Read

Look at the title. Skim the text very quickly. What other questions can you find?

why Ls the sky blue?

Just look up in the sky and ask yourself some obvious questions: Why is the
sky blue, why are sunsets red, why are clouds white? Physics has the answers! The
light of the Sun is composed of all the colors of the rainbow. But as it makes its
way through the atmosphere it scatters in all directions off air molecules and very
tiny dust particles (much smaller than a micron, which is 1/250,000 of an inch).

s This is called Rayleigh scattering. Blue light scatters the most of all colors, about
five times more than red light. Thus when you look at the sky during the day in
any direction’, blue dominates, which is why the sky is blue. If you look at the sky
from the surface of the Moon (you may have seen pictures), the sky is not blue—it’s
black, like our sky at night. Why? Because the Moon has no atmosphere.

10 Why are sunsets red? For exactly the same reason that the sky is blue. When
the Sun is at the horizon, its rays have to travel through more atmosphere, and
the green, blue, and violet light get scattered the most—filtered out of the light,
basically. By the time the light reaches our eyes—and the clouds above us—it’s
made up largely of yellow, orange, and especially red. That’s why the sky sometimes

15 almost appears to be on fire at sunset and sunrise.

Why are clouds white? The water drops in clouds are much larger than the tiny
particles that make our sky blue, and when light scatters off these much larger

* Be careful — never look at the sun.



particles, all the colors in it scatter equally. This causes the light to stay white. But
if a cloud is very thick with moisture, or if it is in the shadow of another cloud,
then not much light will get through, and the cloud will turn dark.
One of the demonstrations I love to do is to create a patch of “blue sky” in my
s classes. I turn all the lights off and aim a very bright spotlight of white light at the
ceiling of the classroom near my blackboard. The spotlight is carefully shielded.
Then I light a few cigarettes and hold them in the light beam. The smoke particles
are small enough to produce Rayleigh scattering, and because blue light scatters
the most, the students see blue smoke. I then carry this demonstration one step
10 further. I inhale the smoke and keep it in my lungs for a minute or so—this is not
always easy, but science occasionally requires sacrifices. I then let go and exhale
the smoke into the light beam. The students now see white smoke—I have created
a white cloud! The tiny smoke particles have grown in my lungs, as there is a lot
of water vapor there. So now all the colors scatter equally, and the scattered light
is white. The color change from blue light to white light is truly amazing!

After You Read

I} Comprehension
Complete the sentences. Check (v') the correct option.

1 Rayleigh scattering occurs when sunlight traveling through air
a) hits very tiny particles and disperses in all directions.
b) goes through air molecules without bending.

2 Blue light scatters
a) more than red light.
b) less than yellow light.

3 Air molecules and tiny dust particles in the atmosphere
a) make the sky blue during daytime.
b) make the sky black when it is seen from space.

4 At sunset or sunrise, sunlight has to travel through more atmosphere, and
a) blue light is basically lost to scattering.
b) red light goes in all directions.

6 Through the Wonders of Physics



5 The water drops in clouds are
a) much larger than air molecules.

b) smaller than the smoke particles in a smoker’s lungs.

6 The water drops in clouds
a) scatter all colors of light equally.
b) only scatter blue light.

5] vocabulary

Complete the sentences. Use the words in the box.

atmosphere composed exhale inhale moisture molecules scatters

1 The light of the Sunis ..............coeeeiie. of all the colors of the rainbow.
2 Light scatters off air ...................... and tiny dust particles.
3 Blue light ....................... about five times more than red light.

4 The Moon hasno .........coeovvvvvnnnn .

5 If a cloud is very thick with .................c..l. , then not much light will
get through.
6 I...................... the smoke and keep it in my lungs for a minute or so, then
letgoand ........coevennee. the smoke into the light beam.
Analysis

Complete the sentences.

In class, Professor Lewin uses a very bright spotlight of white lightas |

smoke particles as ___ and , and the smoke particles
that have grown moist in his lungs as ____ in clouds. He uses them
to show how we come to see a patch of ___and

Unit 1 7



B8] Listening
Listen and answer the questions.

1 With this demonstration, what questions does he say he is able to answer?

8 Through the Wonders of Physics



lUnit 2

Before You Read

m Do you think you are shorter standing up than lying down? Discuss with a
partner.

Avre You shorter standing up?

There simply is no physics without measurements. And just as important, there
are no meaningful measurements without uncertainties.

You count on reasonable amounts of uncertainty all the time, without realizing
it. When your bank reports how much money you have in your account, you expect

s an uncertainty of less than half a penny. When you buy a piece of clothing online,
you expect its fit not to vary more than a very small fraction of a size. A pair of
size 34 pants that varies just 3 percent changes a full inch in waist size; it could
end up a 35 and hang on your hips, or a 33 and make you wonder how you gained
all that weight.

10 My appreciation of the crucial role of measurements in physics is one reason I'm
skeptical of theories that can’t be verified by means of measurements. Take string
theory, or its souped-up cousin superstring theory, the latest effort of theoreticians
to come up with a “theory of everything”. Theoretical physicists, and there are some
brilliant ones doing string theory, have yet to come up with a single experiment,

15 a single prediction that could test any of string theory’s propositions. Nothing in
string theory can be experimentally verified—at least so far.

When theory gets way out there, [ am reminded of my grandmother, my mother’s
mother, a very great lady who had some wonderful sayings and habits that showed
her to be quite an intuitive scientist. She used to tell me, for instance, that you are



shorter when standing up than when lying down. I love to teach my students about

this. On the first day of class I announce to them that in honor of my grandmother,

I’'m going to bring this outlandish notion to a test. They, of course, are completely

bewildered. I can almost see them thinking, “Shorter standing up than lying down?
s Impossible!”

Their disbelief is understandable. Certainly if there is any difference in length
between lying down and standing up it must be quite small. After all, if it was
one foot, you'd know it, wouldn’t you? You'd get out of bed in the morning, you'd
stand up and go clunk—you’re one foot shorter. But if the difference was only 0.1

10 centimeters (!/,5 of an inch) you might never know. That’s why I suspect that if my
grandmother was right, then the difference is probably only a few centimeters,
maybe as much as an inch.

To conduct my experiment, I of course first need to convince them of the
uncertainty in my measurements. So I begin by measuring an aluminum rod

15 vertically—it comes to 150.0 centimeters—and I ask them to agree that I'm
probably capable of measuring it with an uncertainty of plus or minus one-tenth
of a centimeter. So that vertical measurement is 150.0+0.1 centimeters. I then
measure the bar when it’s horizontal and come up with 149.9+0.1 centimeters,
which is in agreement—within the uncertainty of the measurements—with the

20 vertical measurement.

What did I gain by measuring the aluminum rod in both positions? A lot! For
one, the two measurements demonstrate that I was able to measure length to an
accuracy of about 0.1 centimeter (1 millimeter). But at least as important for me is
the fact that I want to prove to the students that I’'m not playing games with them.

25 Suppose, for example, that I have prepared a specially “cooked” meter stick for my
horizontal measurements—that would be a terrible, very dishonest thing to do. By
showing that the length of the aluminum rod is the same in the two measurements,
I establish that my scientific integrity is beyond doubit.

I then ask for a volunteer, measure him standing up, write that number on the

30 blackboard—185.2 centimeters (or just over 6 feet), plus or minus 0.1 centimeter of
course, to account for the uncertainty. Then I help him lie down on my desk in my
measuring equipment, which looks like a giant Ritz Stick, the wooden shoe-store
foot-measuring device, only his whole body is the foot. I joke back and forth with
him about how comfortable he is and congratulate him on his sacrifice for the sake

35 of science, which makes him just a wee bit uneasy. What have I got up my sleeve?

10 Through the Wonders of Physics



I slide the triangular wooden block snug up against his head, and while he lies
there, I write the new number on the board. So we now have two measurements,
each uncertain by about 0.1 centimeters. What’s the result?

Are you surprised to learn that the two measurements differ by 2.5 centimeters,

s plus or minus 0.2 centimeters of course? I have to conclude that he is in fact at
least 2.3 centimeters (or about 0.9 inches) taller while lying down. I go back to my
prone student, announce that he’s roughly an inch taller sleeping than standing up,
and—this is the best part—declare, “My grandmother was right! She was always
right!”

10 Are you skeptical? Well, it turns out that my grandmother was a better scientist
than most of us. When we are standing, the tug of gravity compresses the soft
tissue between the vertebrae of our spines, and when we lie down, our spines
expand. This may seem obvious once you know it, but would you have predicted
it? In fact, not even the scientists at NASA anticipated this effect in planning the

15 first space missions. The astronauts complained that their suits got tighter when
they were in space. Studies done later, during the Skylab mission, showed that of
the six astronauts who were measured, all six showed about 3 percent growth in
height—a little over 2 inches if you’re 6 feet tall. Now astronauts’ suits are made
with extra room to allow for this growth.

20  See how revealing good measurements can be?

After You Read

I} Comprehension
Check (v) the information that is correct.
1 Measurements and their uncertainties are at the heart of physics.
2 In everyday life we encounter inaccurate measurements all the time.

3 The author thinks that theoretical physicists should conduct experiments
to verify their wonderful theories.

4 His grandmother was a scientist.
5 She used to say that you are shorter when standing up than when lying down.

6 In order to put this notion to test, the author carries out an experiment in
class.

Unit 2 11
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He first demonstrates that he is capable of measuring with an uncertainty
of plus or minus '/}, of a centimeter.

He measures a student standing up, and then measures an aluminum rod
vertically.

The experiment showed that the man was about an inch taller when lying
down.

The scientists at NASA didn’t know that you are about 3 percent shorter
on earth than in space.

Why are we shorter standing up than when lying down?

& vocabulary
Complete the sentences. Use the words in the box.
accuracy anticipated bewildered count on crucial
fraction integrity intuitive predict up my sleeve
1 You ....................... reasonable amounts of uncertainty all the time.
2 You expect uncertainty to be within a very small .................... of a size.
3 Measurements play a ....................... role in physics.
4 She seemed tohavean ....................... awareness of how gravity affects us.
5 Students are ....................... to hear that they are shorter standing up.
6 We are generally capable of measuring length toan ....................... of
about 1 millimeter.
7 1establish that my scientific ....................... is beyond doubt.
8 What haveIgot ......................2
9 Didyou .....oooiniiiinnn, that the tug of gravity compresses the tissue

12

between the vertebrae of our spines when we are standing?

Through the Wonders of Physics
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No scientists at NASA ....................... this effect in planning the first space
missions.

Analysis

Which of these sentences state facts? Which are opinions?

1
2

10

Physics is fundamentally an experimental science.
Measurements and their uncertainties are at the heart of every experiment.

Theoretical physicists have yet to come up with a single experiment to test
their propositions.

She used to tell me that you are shorter when standing up than when lying
down.

Certainly if there is any difference in length between lying down and standing
up, it must be quite small.

I measure an aluminum bar when it is horizontal and come up with 149.9£0.1
centimeters.

I congratulate him on his sacrifice for the sake of science.

My grandmother was right when she said, ‘you are shorter when standing
up than when lying down.

My grandmother was a better scientist than most of us.

Now astronauts’ suits are made with extra room to allow for 3% growth in
height in space.

Unit 2 13



Learning tips
How to tell facts from opinions

FACTS are what actually happened.
OPINIONS are what someone believes to be right.
They have not been proven or verified.
They may be in the form of advice or judgment.
They are essentially personal, and there may be opposing views.

Language markers for opinions:
1) modal auxiliaries such as may, might, could, must, should

2) cognitive verbs such as believe, claim, think, suppose

If you don’t see any of those, find clues in the context!

8] Listening

Listen to a mini-lecture and complete the sentences.

1 and their are at the heart of every discovery.

2 Physicists express relationships through about

such as density, weight, and length.

14 Through the Wonders of Physics



Notes

Unit 2

string theory A theory of everything; it posits that the fundamental building blocks of matter are
super-tiny vibrating strings, which produce all the so-called elementary particles by vibrating
at different harmonic frequencies, and in many dimensions

Skylab The United States’ first space station; it was launched and operated by NASA; three
manned missions were made to the Skylab between 1973 and 1974

Unit 4

1 atmosphere 1.03 kilograms per square centimeter of pressure is called the standard atmosphere.
Pressure is force divided by area: P=F/A. So, air pressure at sea level is about 1 kilogram per
square centimeter

Unit 5

Baltimore Harbor Tunnel 2.33 km long; a pair of two-lane road tunnels under the Patapsco River
in Baltimore, Maryland; it opened on November 29, 1957

the horrible accident in New York City in 2007 The steam pipe explosion near Grand Central
Terminal in Manhattan on July 18 killed 1 and injured at least 18

Unit 6

Daniel Bernoulli A Swiss mathematician and physicist (1700-1782); one of the many prominent
mathematicians in the Bernoulli family; he is remembered for his work in fluid mechanics and
also for his pioneering work in probability and statistics

Unit 8

puncture that balloon cf burst somebody’s bubble

play a piano we don’t know what kind of piano can be played on the moon

Bruno Rossi (1905-1993) Professor Bruno Rossi at MIT was a leading Italian astrophysicist; he
pioneered X-ray astronomy in the 1960s

Unit 9

Sfundamental The fundamental frequency is the lowest resonance frequency of a particular object;
it is sometimes called the first harmonic

a suspension bridge a bridge that has no supports under it and is hung from strong steel ropes
fixed to towers

Tacoma Narrows Bridge a 1.6 km-long twin suspension bridge that crosses the Tacoma Narrows
in Washington and one of the largest suspended bridges built at the time; it was opened in July
1940; after its collapse in November 1940, it was rebuilt and reopened in 1950

amplitude the amplitude of a sound wave determines how loud or soft the sound will be; it is
measured by the intensity of sound, which is expressed in decibels

the Millennium Bridge 370 meters long; a steel suspension bridge for pedestrians crossing the River
Thames in London; it was opened in June 2000; Londoners nicknamed it the “Wobbly Bridge”
because they experienced uncomfortable swaying motion on the bridge for the first two days
of the opening; it reopened in 2002

damper a piece of equipment that stops a movement from being too strong

35,000-year-old flute the oldest known musical instrument discovered in a cave in Germany in
June 2009; it is carved out of a vulture’s wing bone, measuring 20cm long, and has five precisely

15



Glossary

BRI CTHMHA SN AR, A TFOBHBERIC 0 NWTHREOA, LI HEL LT, BEORGES

SELLGEBMOREEE O WT [E2d] e

A

acceleration JEE

action 1EH

air pressure TJE

alternating (electric) current 2t (i)
ammeter(s) BITAT

the amperage Bt =

amplitude(s) IRIF

the anvil (=incus) ili'g (Fdh7zZD)

the atmosphere K&,

atmospheric physics K5 WHL
atmospheric pressure K&

atomic force microscope(s) J&--F 71 B $5
atom(s) Ji-1-

B
body (-dies) Ytk

C

calculus W&

charged particle(s) 1o TR T-

commutator(s) B eF

concert A (=the A above middle C on the piano)
HRFELVEDT &

conductor(s) 3EAK

the conservation of charge B PRAF

constant(s) EE

construction engineering 1% T2

D

defibrillators BafEh 2%
degaussing device(s) HRERIEE
density %%

16

diamagnetic material(s) FREVEAR
direct current E.j% (FEIT)
discharge W&

E

eardrum(s) $%fi5t

the Earth’s magnetic field HiER DR bREE)

eddy current(s) #EK T TAN®))

electric breakdown FERxHIE

electric charge(s) BAT ()

electric current TEHT

electric field(s) B (F7213ER)

the electric force B5))

the electric potential difference A7 (72138
JE)

electrical stimulation (or stim for short) &4 ¥

electrode(s) B

electrodynamic suspension Tl B FH R (F
7R RIRE L)

electromagnetic suspension WS [HI#H TR (F
TR |07 )

electromagnet(s) BAGAT

electromagnetic wave(s) TEREIE

electromagnetism B (2F)

electron(s) &7

equation(s) A3\ (7213 72 R)

F

Jferromagnetic material(s) R
fuid(s) Ttk

force(s) 7]

Srequency (-cies) #REHEL

Sriction BEHE



