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English for Physics

Chap.1. Glassary (Part 1)

General and Math

Category |(BiZE Words Definitions/descriptions
1|General TR RT electricity and magnetism
2|General e quantum mechanics
3|General A statistical mechanics
4|General R senior thesis
5|General KA graduate student
6|General A undergraduate student
7|General AR Graduate School of Science
8|General peiite et Faculty of Science
9|General AT/ 301 first semester/ second semester
10|General ezl empirical rule A rule derived from experiments or observations rather than theory.
11| Matter 5T molecule Th(? smallest umt into which any substa.nc.e is divided into without
losing its chemical nature, usually consisting of a group of atoms.
The smallest part of an element that can exist, consisting of a small
12|Matter JH atom dense nucleus of protons and neutrons surrounded by orbiting
electrons.
13|Matter S nucleus (pl. nuclei) The most massive part of an atom, consisting of protons and neutrons.
14| Matter 7 nucleon A co!lectlve term for a proton or neutron, i.e. for a constituent of an
atomic nucleus.
15|Matter b5+ proton A positively charged nucleon.
An elementary particle with zero charge and with rest mass nearl
16| Matter P newtron elementary particle with zero charge and with rest mass nearly
equal to that of a proton. A charge-neutral nucleon.
17|Matter =7 electron A stable elemgntary particle whose negative charge -e defines an
elementary unit of charge.
18|Matter b photon A quantized particle of electromagnetic radiation (light).
19|Matter KR hydrogen An element whose atom consists of one proton and one electron.
20| Matter %5 2 periodic table of the elements A table of chemical elements arranged in order of their atomic
numbers.
21(Math JLUHE addition The mathematical operation represented by a plus symbol (+).
22(Math Fl&E subtraction The mathematical operation represented by a minus symbol (-).
23(Math I integer A whole number, i.e. does not contain a fraction.
24{Math iR even number A number that can be written as 2n, where n is an integer.
25|Math A odd number A number that can be written as 2n +1, where n is an integer.
26|Math T fraction A number expressed as p over g (p/q).
27| Math SN decimal A fraction whose_ denominator is a p0\_/ver of ten an_d whosg numerator
is expressed by figures placed to the right of a decimal point.
28|Math 7 F numerator The number above the line in a fraction.
29|Math TRk denominator The number below the line in a fraction.
The process of finding an integral, i.e. the function for which the
30[{Math &y integration derivative is the given function. The integral can express the area
under the graph of the given function.
Something that is similar but not exactly equal to something else. E.g.
. L an approximate value for some quantity can be used if the true value is
1{Math x| roximation Dop . .
31|Ma L approximatio too difficult to calculate, or an approximate model can be used if the
true model is too complicated.
32|(Mechanics [fFE precision A measure of the smallness of random deviation from the mean value.
. Am re of the smalln f matic deviation from the tr
33|Mechanics [ accuracy easure of the smallness of systematic deviation from the true
value.
34| Math T matrix (pl. matrices) Anm n matrix is a rectangular array of numbers (do not have to be
numbers) set out in m rows and n columns.
35(Math RN cylinder A geometric shape with parallel sides and circular cross-section.
. A soli j hat is completely round, with ever intoni rf
36| Math Bk sphere solid object that is completely round, with every point on its surface

at an equal distance from the center.
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English for Physics

Chap.1. Glassary (Part 1) General and Math
Category |(BiZE Words Definitions/descriptions
- A three-dimensional object bounded by six equal squares, with
37|Math S cube neighbouring squares perpendicular to each other.
. A four-sided shape with four straight lines joined at right angles.
38| Math s rectangle Unlike a square, the sides do not all have to be of equal length.
A two-dimensional shape with opposite sides parallel and equal in
39(Math AT parallelogram length. The three-dimensional counterpart of a parallelogram is a
parallelepiped.
. A two-dimensional shape with 4 straight sides that has a pair of
LI
40 Math aliz trapezoid opposite sides parallel.
41(Math E=AF equilateral triangle A triangle in which all three sides are equal.
42|Math e SV <<h i isosceles triangle A triangle that has two sides of equal length.
. . .. The distance from the center of a circle (or sphere) to its
Y VA X
43(Math S radius (pl. radii) circumference.
, . A straight line going from one side of a circle to the other side,
[ER2S . .
44 Math IR diameter passing through the center of the circle.
45(Math F surface area The total area of the faces or curved surfaces of a solid object.
The amount of three-dimensional space occupied by a body or
46|Math I
6|Mat PR Vorume enclosed by a closed boundary.
47|Math [EL £ a right angle An angle of 90°
48(Math AT parallel The relationship between two lines (or planes) that never meet.
49| Math B erpendicular The relationship between lines or surfaces that intersect at right
= Perp angles.
50| Math e s orthoaonal Orthogonality is an extension of the idea of perpendicularity to higher
152 g dimensions and non-geometric objects.
51|Math B origin A fixed point from which coordinates are measured.
LS HE . The power to which a fixed number (the base) must be raised in order
52Math AP logarithm to recover a given number.
53| Math HeR B exponential The function e*, which is equal to its own derivative. (e =2.7182818
)
For the set of numbers a4, a,, as,... a,, the value given by
WA
54|Math ) mean (a;ta,tast... +a,)/n. Also commonly known as the average.
A power of 10. The value of physical a\uantities are often given to an
55|Math Mk an order of magnitude order of magnitude. For example, 2.3 10°and 6.9  10°are of the
same order of magnitude.
(1) Combinations for any physical quantities that can be expressed in
terms of base units (such as meter, kg and second) of fundamental
56(Math RIT dimension physical quantities (such as length, mass and time).
(2) In geometry, the dimension of the space is the minimum number
of coordinates required to specify any point within the space.
" A number that can be expressed as a +ib, where i is the imaginary
57|Math CES complex number e
BRA P unit satisfying i =-1 and a and b are real numbers.
58(Math FEE real number A number with no imaginary part. This can be expressed as a + Oi
59|Math EEK imaginary number A number with no real part. This can be expressed as 0 + ib
o . A three dimensional coordinate system in which a position is specified
AL IR fEE
60|Math MR cylindrical coordinate system by radial distance p, azimuthal angle ¢, and axial distance z.
. . . A three dimensional coordinate system in which a position is specified
e TAIA R
61|Math FRIERR spherical coordinate system by distance r from the origin, polar angle &, and azimuthal angle ¢ .
In two dimensions, the polar angle is measured counterclockwise from
the x -axis to a line drawn from the origin to some given point in the
62|Math i £ polar angle, 6 x-y plane. In three dimensions, the polar angle is measured from the
z- axis to a line drawn from the origin to some given point in the 3-
dimensional space.
In three dimensions, after projection of the vector between the origin
63l Math A azimuthal angle, and some given point of interest onto the x-y plane, the azimuthal

angle is the angle measured counterclockwise from the x -axis to this
projected line.
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English for Physics
Chap.1. Glossary (Part 2)

3/5

Mechanics, Electricity and Magnetism

Category HEE Words Definitions / descriptions
1|Mechanics Wi translation The movement of a body or system in such a way that all points are moved in

parallel directions through equal distances.

2(Mechanics )RR an equation of motion Equation that describes the motion or evolution of a system as a function of time.
3[Mechanics P position The location of an object relative to the origin of an arbitrary set of coordinates.
4|Mechanics TR velocity The rate of change of position with time.
5[Mechanics P IR YES acceleration The rate of change of velocity with time.

. - A measure of a body’s inertia, i.e. its resistance to acceleration: a = F/m. Can
6(Mechanics H= mass

also be defined in terms of the gravitational attraction between two bodies.

~

momentum (pl. momenta)

The product of the mass and the velocity of a particle.

Mechanics THH)
£

8|Mechanics

angular velocity

The rate at which a body rotates about an axis.

9[Mechanics 1B METE— AP

moment of inertia

The resistance of an object to changes of its angular velocity.

10|Mechanics ff JEH ) 5

angular momentum

The product of the angular velocity of a body and its moment of inertia about the
axis of rotation.

11|Mechanics Ll R F— potential energy The energy associated with the position of objects in a system.
12|Mechanics TEE) T R L X — Kinetic energy The energy associated with the motion of a system.

13|Mechanics JEEER friction Force opposing the sliding of one surface over another.

14| Mechanics =7 gravity Th(_e attractive force between two bodies which is proportional to the product of
their masses.

15|Mechanics R oscillation A regular movement between one position and another or between one amount

and another.

16{Mechanics AR AR E) - a harmonic oscillator An oscillator which has sinusoidal like motion.
A condition in which a vibrating system responds with maximum amplitude to an

17{Mechanics ILng resonance alternating driving force, which occurs when the driving frequency coincides with
the natural frequency of the system.

. _ . Th k value of an alternatin ntity in either th itive or negativi

18|Mechanics Wi amplitude he peak value of a alternating quantity in either the positive or negative
direction.

19|Mechanics ik phase The state Qf development of a periodic quantity, specifically the fraction of the
whole period that has elapsed.
A property of an elementary particle that determines the force it experiences in the

20|E&M T Al charge presence of an electric or magnetic field. Usually measured in units of the
magnitude of the negative charge of the electron, e.

21|[E&M 51 attractive force e.g. The force between positive and negative charges is attractive.

22|E&M =77 repulsive force e.g. The force between two positive or two negative charges is repulsive.

23|E&M J—n 7] Coulomb force The force between two charged particles.

2alE&M T frequency The rate of repetition of a regular event, e.g. the number of cycles of an oscillation
per second.

25|E&M JE H#A period The time it takes to complete one cycle of an oscillation.

26|E&M B current A flow of electric charge through a substance.
The difference in the electric potential between two points in a circuit that gives

27|E&M oA voltage rise to a force on charged particles, thus inducing a current. The induced current
is related to the resistance of the circuit through Ohm’s law: I = V/R.

28lEQM FmRa—T oscilloscope An |r?strument qsed to proylde a visual image of electrical signals, i.e. their
amplitude and time evolution.
A measure of a substances’ opposition to the flow charge when a voltage

29|E&M ht resistance (potential difference) is applied. It is related to the voltage and current via Ohm’s
lawas R = V/I.

s0lEaM 5] in parallel Two capacitors connected in this way give a total capacitance that is the sum of
the two.

31|[E&M [ELA] in series Two resistors connected in series give a total resistance that is the sum of the two.
The diffraction of X-rays by a crystal whose atomic separations are comparable in

12|lEaMm Ty s AE X-ray diffraction size to the wavelength of X-rays. (lefractlon_ls the spreading or bending of
waves as they pass through an aperture (or series of apertures as in the case of the
crystal) or round the edge of a barrier.)

33leam 5 reflection The return of all or part of a beam of particles or waves when it encounters a
boundary between two media.

salE@aM i 4 index of refraction The paramet_er that characterizes the change in direction of a wave when it enters
another medium.
The interaction between two or more wave motions affecting the same part of a

35|E&M T interference medium such that the total disturbance is the vector sum of the disturbances

resulting from each of the individual waves.
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English for Physics
Chap.1. Glossary (Part 3)

Quantum Mechanics and Statistical Mechanics

1/5

Category HiGE Words Definitions/descriptions
e . . The fundamental principle often r the relation
1|QM AT TE P B the uncertainty principle  fundamental principle often expressed by the relatio
Axedp =h.
. . . The rule stating that no two identical Fermions can be in the
o ] 4
2(QM X U O the Pauli exclusion principle same quantum state.
The procedure involved in transforming from a classical to a
- L guantum understanding of physical phenomena whereby
3|QM LAl quantization variables that are continuous in the classical theory become
quantized, i.e. can only take on certain discrete values.
410M AE spin The intrinsic angular momentum of an elementary particle.
B The property of a system that leaves the system unchanged after
5|QM APPRTE symmetry a certain transformation.
A state in which a particle is subject to a potential such that the
6|QM TR AE bound state particle has a tendency to remain localised in one or more
regions of space.
7|QM SLEIR R the ground state The lowest stable energy state of a system.
- . An unstable state of a system whose energy is greater than that
M LR AE XCi
8|Q I EARTE excited state of the ground state.
N . A The height of the energy barrier separating two minima of
M i k)L ¥ — activation ener .
9|Q L clivation energy potential energy.
e A situation in which two or more distinct states have the same
10(QM ifeplas degeneracy
energy.
11|QM X)) perturbation A small deviation from a known or solved reference system.
In the context of quantum mechanics, where the energy levels of
S I . a system are discretised, an annihilation (creation) operator can
12|QM MEY; g annihilation (creation) operator . .
Q H (R BT ( ) op be considered as an operator that decreases (increases) the
number of particles in a given energy state by one.
13lstat. Mech. |=> Fop— entropy An extensive varl_able in t_herr_nodynamlcs which gives a
measure of the microscopic disorder of a system.
. . . A thermodynamic expansion process in which no heat enters or
14(Stat. Mech. |V E adiabatic expansion y P P
leaves a system.
A summation which describes how the probabilities are divided
- " . among the different microstates, based on their individual
15[Stat. Mech. |45 artition function T .
S SrRCBIER P energies: it counts the (weighted) number of states a system can
occupy.
- _— Th ition of in which th f exch f
16|stat. Mech.  [muops thermal equilibrium e condltlon-o a systemin whic the net rate of exchange o
heat between its components is zero.
_ The average distance travelled between collisions by the
Stat. Mech. |2 1THE mean free path . .
17 THIRmATE P molecules in a gas, photons in a plasma etc
N . An irregular increase or decrease in a quantity derived from
18|Stat. Mech.  [fE 5 fluctuation sgu’a quantity
many identical random processes.
A situation in which the response or output of a system becomes
19|Stat. Mech.  |faFn saturation substantially constant and independent of the increasing external
field or input.
The dependence of a system not only on its current environment
20|Stat. Mech. | X7 U X hysteresis (pl. hystereses) but also on its past environment, e.g. in a ferromagnetic
material.
The process of heating a substance at a certain temperature
T ==V . below its melting temperture, maintaining it for a cetain time,
tat. Mech. - annealin L
2115 (BEX72EL) g and cooling it slowly so that the substance reaches a state closer

to its thermal equilibrium at ambient tempearatue.




Glossary
Chap.1. Glossary Part 4
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Condensed Matter, Particles and Cosmology

Cosmology

of relativity)

Category AR Words Definitions/descriptions
Conaensea . ) - )
1 Mattor &g metal A material with high electrical conductivity (low resistance).
5 Condensed it insulator A material with very low electrical conductivity (hlgh_ resistance) because of
Matter the energy gap between the valence band and conduction band.
3 Condensed e superconductivit A phenomenon in which the electrical resistance of a metal disappears
Matter AT P y completely below a certain temperature.
Condensed . . The transformation of a thermodynamic system from one state of matter to
4 Matter FHERFS phase transition another.
A Type Ul diT EIeCUHUIT TTICTrostope DdSEU UIT e nrier erect 101 niiaygifng
surfaces at the atomic level.
ST™M (When a fine conducting tip is held close to the surface of a sample with an
5 Condensed Al (scanning electric potential, electrons tunnel between the sample and the tip,
Matter k> ROV BARSEE tunneling producing a small current. The tip is slowly moved across the surface and
MIiCroscope) raised and lowered so as to keep the electrical current constant. In this way,
the profile of the surface based on its local density of electron states can be
daotorminad
Condensed NMR A resonant absorption of radio-frequency radiation when its frequency
6| Matter RERE AL (nuclear magnetic coincides with the difference in energy between two states of a nucleus with
resonance) a spin in a magnetic field.
Condensed A beam of coherent, monochromatic light, or a device that emits such a
7 Matter L—H— Laser beam. The light is produced by stimulated emission of electromagnetic
radiation.
A semiconductor pn-junction diode which emits light by recombination of
Condensed e . LED . . ;
8 Matter FNHF AT —R (light-emitting diode) electrons with holes. The color of the light (corresponding to the energy of
g g the photon) is determined by the energy band gap of the semiconductor.
Particles and |, s pue v oo . A dimensionless quantity, denoted by «, which serves as a convenient
it & fine-structure constant ; T .
9 Cosmology BGHRR e 2 measure of the strength of the electromagnetic interaction.
Particlesand |, .. A , A reaction between light nuclei in which a heavier nucleus is formed with
10 AR nuclear fusion
Cosmology the release of energy.
Particles and o The splitting of a heavy nucleus of an atom into two or more fragments of
11 AR S nuclear fission PIENg | vy g
Cosmology comparable size.
Particlesand |_., .. . .
12 ggﬁng?ég%d FH universe All the matter, energy and space that exists.
I ) .
13 Cosmolagy SRAT galaxy A large gravitationally bound cluster of stars, gas, and dust.
Particles and The system made up of the sun, its orbiting planets and their natural
14 Fi R the solar system ; ’
Cosmology KBk y satellites (moons).
15 Particles and e cosmic ray High-energy charged particles which enter the earth’s atmosphere from
Cosmology outer space.
16 Particles and A ravitational wave Disturbance in the curvature of spacetime, generated by accelerated masses,
Cosmology g that propagates as a wave outward from their source at the speed of light.
17 Particles and R TIEAE the special theory The theory developed by Einstein in 1905 which leads to the equivalence of
Cosmology ; A i of relativity energy and mass: E = mc 2
o The theory developed by Einstein which provides a unified description of
Particles and general relativity ravity as a geometric property of space and time, or spacetime. (In
18 —JBeHE (The general theory gravityasa g property o7 sp » OF 5P '

particular, the curvature of spacetime is directly related to the energy and
momentum of whatever matter and radiation are present.)
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T 20EFBE2LD.)
BHEC L 7= L CHERR (Speculation) & A TH L.
5. f&# (Conclusion)
FEREEBLZNOENNTZZ L&, BN TELS BlXIE 150 FERET)
KBTI L. SHROWE - REIZOVWTHBERD.
% (Summary) OEZ L2 &b H 5.
2-412OWTHE, T~ T & TfitEIY | OWREL DL bbb 5.
£, HODICENTELLRWEATY, WADHRIIE EO X S ekicd 5.
F. #% (Acknowledgements)
RREEE ] LA — OSB3R FEBRE T 5o SHEe &
G. SIH3CHEL  (References)
AL TOSIHNRICE S Z2FT T, Enx ) A N5, 5IHEROERTLFIEIX
FTSTTHRARS. AXHOFIHEFTICHE T E T 5.
H. 8% (Appendices)
WE IR, RKCPICH D ERBEEOTNZELTH, FSCHICEIET DTN
OxEFEDDH. ROBEHRBROFEMZR L. FREEY) LA — MoBaE, #l
EAET—Z %A L0, BN, ELLaryCa—27vr I 0k
FlzbFHTES.

I AXBRDREE A E
WRESTERFLAZANDBS D, 12120, 7AV X, a—a o A CTEFRRD. U
TCiET A U B (I 21F Journal of the Physical Society of Japan <X° Physical Review ¢ A
ZAN) WTOWTEHT 5.
A, FINHERED Y6
Felr) EEA, HEEETR BORT), BMHEELIERSGES--H (BITH). RRIZEUAF
1) J. G. Bednorz and K. A. Miiller, Z. Phys. B 64, 189 (198
2) B. P. Abbott ef al., Phys. Rev. Lett. 116, 061102--1-16 (2016).
B. HITADGH
) HFEA, FBLOEGEIRME) ed. W& 1(HARM, FIT4) = or H.
2) C.Kittel, Introduction to Solid State Physics, 8th ed. (Wiley, 2004) Chap. 12.
3) WHE, BEREEmCOTNT, 2R, AAWETRE OLE, 1999) %2
.



§2-2 T vt A DEKXMEIE The basic structure of an Essay

Title

Name, Affiliation Add your Student ID for the essay assignment for this class.

Introductory paragraph

(1) Introduction material, General statements

(2) Thesis statement

Body paragraph 1

(1) Topic sentence

(2) Supporting sentences

(Concluding sentence)

Body paragraph 2

(1) Topic sentence

(2) Supporting sentences

(Concluding sentence)

Body paragraph 3

(1) Topic sentence

(2) Supporting sentences

(Concluding sentence)

Body paragraph ...

Concluding paragraph

(1) Summary
(2) Reformulation of Thesis Statement
(3) Reinforcement

(4) Final Comment

25

(1) $3ARFIEZ : Criterion®Z{EH LT RGBT A 7 4 7HRET v
Vol. 1 (CIEE Japan, 2011).

@) FIHET, FAEA, BHELEHT: SEm oA - TAF 4
7, E 2 (2 AEE T, 2014).

7,

[Assignment for the class (Z=E[E1zE)]

m Write an essay to answer the following question. Typically, a suitable essay
will contain a minimum of 300 words.

There have been numerous great scientific discoveries.
Which discovery do you think is the most interesting?

m Due date and time: 12:00 JST, June 1 (Tue), 2021

m Submission: Upload your essay in a PDF format from PandA:
File Name: 31-123X TANAKA Ichiro

m Identify your name and student ID number in your essay as well.



§2-3 Figures

O k- L0 47 BHEEY (graduations) & AfL 5. _
X
18 £
© W ERe B IIRMA italic), BALFRE S 1EN /K (roman). 3 ®
UL ST (EESHALR) DX ED. oS 2.65 2
o o
= 30 3
—_ Q
@ Caption XX D T. = £
_ . -
@ Caption DHIDOIZH A bV &G TR S W 2
® ZOBICHMILEHENT 5. GISUIEKT 22 L b D) of E
i S
- . B a
© AP TOROBMIC I EHRHA -l L 150 &
1 1
Figure 1 shows ..., ....1is shown in Fig. 1. 5 0 20 40 50
Figure 2 displays ..., indicates ..., represents..., illustrates..., depicts ..., Time (minutes )
compares ..., demonstrates ..., etc. Figure 4.1 Pressure versus time trace when the volume in a Pomeranchuk cell was
BHEMRCH S = & 1o S changed at a constant rate. The signatures A and B, shown magnified in
4 — — IS .

the inserts, indicate the occurrence of two phase transitions in *He.
(After Osheroff et al. (1972a).)

Glossary: A
origin
intercept e D. Vollhardt and P. Wolfle, The Superfluid Phase of Helium 3
slope 7

. (Taylor and Francis, 1990) p.96.
ordinate 7

abscissa

solid line

broken line =~ =~ =" TBGHR
dotted ling sreessrreseremnuns =% '
dash-dotted line abscissa
extrapolation, interpolation

symbols: open circle, solid (closed) triangle

a guide to the eye

arbitrary units (arb. units)

v



§2-4 3 Tables

O RIZF THIIARR.

Table 3
' SM Higgs boson cross sections (in pb) at /s =8 (7) TeV for my = 125 GeV. The
@ Caption |F#ED L. total values as well as the contributions from the individual production modes are
@ Caption DHIDOIZH A NV E LA TRT. listed. The branching ratios to the final-state channels considered in this Letter are
@ FOBICHBCAETS. GBS b5 5.) also given (where ¢ stands for electron or muon), together with their relative un-
' ' certainty. Up-to-date theoretical calculations are used [14-16,89,35,36].
< = - = . Cross section (pb) Branching ratio
TOFROFHAIZ -
© A ROBA ] & <M 9 #=E at /s=8 (7) TeV (relative uncertainty)
Table 1 shows ..., ....1is shown in Table 1.
Table 2 displ . ggF 19.52 (15.32) H - WW* = fviy 0.010 (£5%)
able 2 displays ..., summarizes ..., VBF 1.58 (1.22) H—vyy 2.28 x 1073 (£5%)
represents..., compares ..., etc. WH 0.70 (0.57) H—ZZ* - 4¢ 1.25 x 1074 (£5%)
WER ! ZH 0.39 (0.31)
ttH 0.13 (0.09)
Total 2232 (17.51)
Glossary:
column, row SM: Standard Model
Table 1 Typical style of table and names of the items ATLAS Collaboration, “Measurements of Higgs boson production and couplings in
appearing in the table. diboson final states with the ATLAS detector at the LHC”, Physics Letters B 726,
j IOREL 88-119 (2013).
4l oy P I (] il
(columns) A ‘2 5 5 :‘34}” (column headings)
!
T (rows) J. l

2T — —2.53  0.25 +0.08
%317 — 31.5 0.2 +0.1

A g a +0.025
FALT —— >0.25° 0.256_ )" 15

£DHHL
(table texts)

a. Lower limit obtained by the attenuation method in ref. 3.



§2-5 X2 Geometrical Figures

IEA#2 square

KA# rectangle

T4TMARZ  parallelogram A

&2 trapezoid

AR cube

B

rectangular parallelepiped

IE=AT equilateral triangle

ZZ%D=AR isosceles triangle

EA=AR right triangle

.........................

M circle RN
/. \ b

R —

major axis

inar axs

<’ |
\ )
&M ellipse \v/

oval: There is no precise mathematical definition of an oval. All ellipses are

ovals but not all ovals are ellipses.

¥k sphere

M4 cylinder

M hollow cylinder

Mt cone

A three-dimensional geometric
shape that tapers smoothly from a
flat base (frequently, though not
necessarily, circular) to a point
called the apex or vertex.

https://brilliant.org/wiki/surface-area-of-a-cone/

(Hi#2: Wikipedia, etc.)
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§2-6 X MDFHAH : How to Read Equations
1. Fermat's Last Theorem
As conjectured (and perhaps proven) by Fermat and recently proven by
1. a™ = b + ¢ Andrew Wiles, for any integer n greater than or equal to 3, there is no set
) of three integers a, b and ¢ for which a to the n-th power equals b to the n-
th power plus c to the n-th power holds.

|
2. LG = T 2. The combination of n choose r

(n-m)tr! The number of ways of choosing r elements from a group of n elements is
denoted by sub n capital C sub », which is equal to » factorial divided by
open parentheses n minus 7 close parentheses factorial times  factorial.

0 _.2
3. [, e dx =+m/2
3. Gaussian integral
The integral over x from 0 to infinity of the exponential of minus x squared
is equal to the square root of @ over 2.
, oD
4. VXH=j+ 3
4. One of Maxwell’s equations
The curl of the vector H is equal to the vector j plus the partial derivative of
the vector D with respect to ¢.
5. F= —kgTInZ; Z =Y, e “En/ksT *In both the USA and UK, “curl” is commonly used instead of “rotation”.

5. Partition function
. 2 The Helmholtz free energy F is given by minus & sub B times 7T times the
(—ihV + eA)*¥ =EY natural logarithm of Z, where Z is the partition function given by the sum
over n from n equals 0 to infinity of e to the minus £ sub n over k sub B
times 7.

1

me

6. Schrodinger equation example
The Schrodinger equation for an electron with the charge minus e in a
magnetic field is one over two m sub e times open parentheses minus i / -
bar gradient plus e times the vector potential 4 close parentheses squared psi
equals the energy E times psi.

11



(Exercise 2-1) (Exercise 2-2) Read the following equations and write down how to read them.

1. EOHBEX(caption)FED LIZEL REM? FIZE REM?

2. TOEIE, £F. dHEF. EFORHFRIZCOWVWT, FTOAEK
f(de Broglie wavelengths)® T )L ¥ —{&kFEZ =T, TOR®D
ERBA X (caption) Z X DEHXICH > TEHETHEN, IDEBEEIE
B21E L. BEOTALF—KEE FRISELA?) OEL 2. [° e dx = fz
2&>T. ¥ 5 70ORERN 2 EEHHERIZONT & HEITHN “
BHEBAXICE K,

p? (1. 2.2
1. H0=ﬁ+5mwx

ap
10——— T T T—T I 3 E-I—V-(pv)_o
AN -
A — !
5 AN
N X-ray pl‘mton
\ \ I

OQ:. \ \\
oSN NN 1
8 ~ ~ .
< . A
]
= 0.5 ™. ] - Nelirﬁ___

Electrons™_ .

T N
‘ ‘ \k‘\
N
| ™~
|| ™
0-11 5 10 50 100

Photon energy, keV
Neutron energy, 0.01 eV
Electron energy, 100 eV

C. Kittel, Introduction to Solid State Physics (8" ed., John Wiley&
Sons, 2005) p. 24.
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E3E 4il (Nouns) §3-2 INBIDIBE DEE - T

0.1 mm (zero point one millimeter), 1.1 mm (one point one millimeters)

—_ B . . e N N . .
§ 3-1 FFERTA R ET BN 1 AT 088, 1 UUT 72 5, (Judy Noguchi, JHiEE)
5 English also tends to use the plural with decimal fractions, even if less than one, as in
1. formula formulae =V 03 0.9 child Wikinedi
X 11 A .
2. phenomenon phenomena W metres, (.9 children. (Wikipedia)
3. nucleus
4.  maximum - ~ - == N
e § 3-3 #Z SN LV4E (Uncountable Nouns) B &
5. hypothesis
6._matrix *[U] & [C] OREOHVHERES !
| ) (1) RLT” 8" EHFRVNEEH : [U]
(Exercise 3-1) #HEE A~ ET,
1. spectrum 2. analysis 1. Information [U]
3. quantum 4. parenthesis W: ** Many informations were obtained.** <« K LEDFRY)
5. momentum 6. thesis R1: A lot of information was obtained.
7 medium 8 axis R2: (not common) Much information was obtained.
9. minimum 10. criterion R3: (not common) Many items of information were obtained.
11. radius 12. supernova (ffi2) “alotof” IL alotofn([C], W9 pl), alotofn([U]) Wiz 5.
B PRI D S H — IR BTN . A lot of inelastic events were recorded. FEp I SR

(LL#K) “a variety of” b [AIEE, a variety of n([C], #F pl.), a variety of n([U])

WERCRFOBPER : HICs 2o 5. MODLVHEER s 2T 2, b on U]

* His family name is spelled with two is.— His family name is spelled with two i’s. W: ** Several equipments were installed. **

- 1980s (1980’s) in the 1980s (in the 1980s: see §3-7) R: Seve@ p‘ecesf"fefl‘“pmem were msliaged‘

+ Some numbers with a sequence of 3’s followed a 1, such as 31, 331, 3331 and R: Many items .O equlpmer.lt were instatied.
R: Aot of equipment was installed.

333331, are prime numbers.

- LEDs Apparatus, instrument, machine 72 %, EE[C]TH B.
(fifi /&) apparatus [X#EH0F © apparatus  (or apparatuses).

13



3. Data [U] cf. datum
W: ** Many datas were obtained. **

R: A lot of data was obtained.

W: ** Several of the datas are shown in Fig. 3.%*

R: Several of the data are shown in Fig. 3.

Data (3T TICEEILTHDHDO T, “s"EfT5HZ LT TERWEERIX
datum). L7»L, EHIE CTh 2 DIZBD 6 3 5 TiX This data was analyzed by
computer.® L D IZHEIZEH, & 5V X These data are very interesting.? X 9
WCEENZ B D 2N TED. KHOHAIIE T TIWR, XHRRT—
BL7PWE T2 THD.

(ff /&) LA T D34 s k.
This data was analyzed by computer.

This data was analyzed with a personal computer.

4. The following [U]
W: ** The followings were assumed. **
R: The following was assumed: The following were assumed:

R:  The following assumptions were made:

W: ** The plasma parameters were the followings.**

R: The plasma parameters are as follows.

“The following”|Z &Pk LT3 22720y, “The following” (% The +adj. T4
NS TV D, ZOHE NEICL > THEC-EEE L 5 oW TH Al

5. Evidence [U]

W: **The evidences for the broken symmetry are as follows. **

R:  The evidence for the broken symmetry is as follows.

R: There are many pieces of evidence to support this conjecture.

6. Literature [U] STk
W: **The literatures offer evidence to support these results. **

R: The literature offers evidence to support these results.

7. Behavior
W: **The research of EuSe clarifies a complex magnetic behavior. **

R: The research of EuSe clarifies complex magnetic behavior.

WD XD 7255, 9 -500 L “behaviors” & LT 0O THE.
R: Likewise this ease of oxidation is shown in the chemical behavior
of 1 and 2.
* T IO behaviors D B2 TE TV 5,

8. Dependence
W: **The dependences of the conductivity on the temperature, pressure,
and frequency were measured. **
R: The dependence of the conductivity on the temperature, pressure, and

frequency was measured.
(B AR - BHF BRI OT T (u#, 1999) %3 . )

(fi#i /&) behavior [U] & dependence [U] X, JBEIC X > CIBEEFE THLHW S
NHZENDHD. TOEPWATYH, [UJE LTORETEEZHEZ TH LWIEAN
2. (FHEKES : ER OO ORGERSCHET A N GEaRf, 2002) pp.
37-42) BT ELGETLTHEI T 5 oS,

14



(2) A&k [U] £=ALIXLIEEHKR

R: The material is paramagnetic at low temperatures, and diamagnetic at high

temperatures.

IR TR ST —Z A "3 d D567 81T, &R %l % O temperature
& L TH A TW5. Energy, conductivity, specific heat 72 & %, [Al£k.
R: The electrical conductivities of the two samples are completely different.

Q) — Mt =TT ES (plural, pl.)E & H4E5 : [C]

features, properties, aspects, characteristics, circumstances.

INHO4FNT, RIBEEERT D & X IIEEOE. o 0ReE

I8 h &L X ITOREEE.

Let us examine [the properties/ some features/ various aspects/ the

characteristics] of this problem.

The solution (2.8) has the peculiar [property/ feature/ characteristic] of being
invariant under the interchange of x and y.

A disturbing aspect of this situation is that ...

The unfortunate circumstance that f diverges makes it impossible to ...

(fffi /&) feature % future & HIE> THRET D HARAADRZWDIIRETEAS H?

The new model features the future technology of remote sensing.

property: . . . ([ZBTHME —pl
EWVIHIMEE - —sg
transformation properties,
Hermitian property,
symmetry properties iR T & IR T H L, SFHMEIZEE T 5 MEH)

the symmetric property (Xf# CTd 5 & W5 MEH)
(Exercise 3-2) KD 2 DOiEWEISREE L.

1. the magnetic properties of copper
2. the magnetic (ferromagnetic) property of iron

§3-4 HRAH

* G4 - BiFL CRfRRITRD.

AARNIIGEAEFELS & X, BE L VAT LA THOWEHAIR S 5.
TR & TR0 B0 X2 >THDnEE LAV,

L, 4s& A LT &5 LB TELED LEXICR>TLED.

1. *This results in a high reduction of the resistance.* &A% A JLDFRY
(ZNB O KRIERBL 2 725, )

—  This drastically reduces the resistance.

“—ion” CTHD LA FNFFHIEMAI TH 5.
2.*The rotation of the sample was done.* GRE}DEHLREIT T2, )
—  The sample was rotated.
3.*We can use this formula for the purpose of the estimation of the density.*

—  We can use this formula to estimate the density.

(Exercise 3-3) kO EFER L.
1. *The temperature stability of the sample was achieved in this way.*
GREHRE O EE. . L)
2. *The oxidation of the iron was performed. *

3. *Utilization of synchrotron radiation is usually made in this way.*

i
L 72>

15



§3-b A&

(P gs)

a neutron detector = a detector of neutrons

il (n) OAF (adj,) B2k

*NA T U BBBITR DA
RO L TR FTEM SN -4 &2 6 O TEAFISHE 5 5513
T UL,
a high-energy particle = a particle of high energy
the fine-structure constant

(FI2) TEATDREG THNA 7 B
a two-dimensional system This system is two dimensional.
a 1-cm diameter disc The diameter of the disc is 1 cm.
(fli) +o X< b iEMIE—FBICEE L TLEIGENH S.
wavelength,  eigenvalue (Z #UE N4 Y EERJRTZN D)
L 7> L: mean free path (¥ H HTR)

first-principles calculation Rk s o
least-squares method /N RE

K =ZDLLEDRFADHEEIEIFEL <L
*The sample temperature control unit is shown in Fig. 1.*

—The unit for controlling the sample temperature is shown in Fig. 1.
§3-6 K&

W: **  The electrical resistivity of sample 1 is approximately the same as sample

2_**

R: The electrical resistivity of sample 1 is approximately the same as that of
sample 2.

R: The resistivity of sample 1 is quite different from that of sample 2.

R: The resistivity values of sample 1 and sample 2 are quite different.

R: This method of measuring conductivity is as versatile as the one described

in reference 1.

§ 3-7 FRE#H s h Eidaa the H

TRAIRT f—
&R the (X DIF4RLY.

s ZESIBEE. ENETTHET 2BENHHDT.E

Maxwell’s equations  (the Maxwell equations) one of Maxwell’s equations

Ohm’s law

the Maxwell distribution
the Pauli exclusion principle

(cf. principal axis) JREE (PEfAL) | Fdh

a Feynman diagram
a Poisson ratio

(Exercise 3-4)
Underline grammatically incorrect words and write down the correct words.
LUF OSCRCIERIZRR S T J 0 IS T A2 51 &€, ELWEER 2R,
(R ISEMICRHIE S 72X THDHZ L HrT, )

1. **Many evidences for an unusual nonlinear behavior have been found

in a variety of physical property. **

2. ¥*These phenomenon can be experimentally studied using these two equipments

and theoretically analyzed in terms of a product of two matrix.**

16



FA4EFE BhEE (Verbs)
§4-1 EIE L BFADIERS

FECEENIE LSS LW Z L1, BARARSEEDRRGEZEH RIS, &
%%<ﬁ%ﬂéj€/£h@u,\bf%é

W: ** Classical condensation theory are used to explain these phenomena.**
—3ELEDFRY
R: Classical condensation theory is used to explain these phenomena.
(v LA 70 B PR

W: **The difference between the two cases are discussed in the next section. **

R: The difference between the two cases is discussed in the next section.

(Exercise 4-1) KDL De/NT, Fik & BFDOMENICIRY RN bHIVUTEL.
1. The activation energy of the free carriers are estimated as 27 meV.
2. The diameter and (the) length of the tungsten wire were 0.1 mm and 5 mm,
respectively.
-, “The diameter and the length of ...” & L72\ 2
3. The distribution of B in these cases is shown in Fig. 2.

S

IZHEE.

The current modulation rate were kept at about 2% for the two signals.

5. The capacitance of the other parts was kept constant.

ZOEDORRVITROFITH D L DI, HEERE L85 & ORICEEOE
DEFANTFET DHEIL, WS AN LD THD.

W: ** The current density in the laser tubes are rather high. **
R: The current density in the laser tubes is rather high.

FEDMITod D% RiBOILE, OO ITHETO6NDI1TTTHD.

(Exercise 4-2) IRDOXDEFEIZ
.

1. The ratio a/b for protons and electrons are, however, independent of the

THEZSIE, BFEOMISIZIRY B HIE

potential.

2. The dependence of the capacitance values of these ceramics on temperature is
given by the following equation.

3. The above considerations on the space charge effect leads to the conclusion
that the results in our previous report was not representative of the intrinsic
behavior.

A total of 21 values were obtained.
5. A series of unexpected events was recorded.

(ffi/2) aseries of ... DIRIZITEEA TN 2708, R THEEI .

§4-2 BYHIEH

1. a number of + [C] pl. + are ... (=many, 72< EAD)

a large number of ... are

W: ** 4 number of topics relating to this subject has already been fully
reviewed in a recent article. **
R: A number of topics relating to this subject have already been fully

reviewed in a recent article.

FEFEIX “a number of topics” T, EAWINTHEER .

fEfA B9 5 “number” |LHLEL.
R: The number of particles entering the chamber per unit time was

measured by the method described earlier.

17



2.an amount of + [U] +is ... E&FET
R: A large amount of information was obtained by this experiment.
W: ** The amount of atoms in the sample space increases with pressure. **

R: The number of atoms in the sample space increases with pressure.

(ffi) 28 - 2 BEME ST OBEKTHEZ S alotof..., avarietyof.... (%53 &)
13, ZECIpLOGEEEH . ZRUIOSEBEEER . M, alotof ... .13<°

ROBOTHY, BFMILAELERVGE DD,
3. each of +[C] pl. +is ...
R: Each of these electron-doped specimens was examined with a scanning

electron microscope. (SEM: &A1~ BAMEE)
every ... b [RERIZHEI .

4. or = BFEITIT < O EFHITHIE

R: Two conventional detectors or a single new detector provides sufficient

sensitivity.

W: ** This is especially true when x or y are very small. **

R: This is especially true when x or y is very small..

R: If either a or b exceeds the limit, the second solution is applicable.

R: Neither a drop in voltage nor a change in temperature affects the
response.

5. as well as

FE1E () AaswellasB TiX A OFIZER EOBESNRENN, T EiE
&I LHREEEGIOFUT A & —FT % John, as well as his friends, was

injured in the accident.

6. FHEAEO TH

cf. Not only B but (also) A TIIEIFIX A EMERT 5.

Q) EXIZiF A L B BREMENELREALATHESNDIZ DD
% In theory as well as in practice, the idea was unsound.

CHrssin i, o5 6 it (WFJEAE, 1994) )

AN Y C b R

R: Five grams of NaCl was added to the solution.

§ 4-3 ¥l
BAERS « FHFHITE

(present tense)

NADFERRL->THE I RDH T &)
XHOKEOBHIT & .

BER . EROITLOHH
(past tense) FhrAE R D7

HR BT Dt R % R

(8 £ DR R S TRIVUTIR ER)

BAEXETRE

(present perfect tense)

R: Bednorz and Miiller discovered superconductivity in the Ba-La-Cu-O

system in 1986.

R: Bednorz and Miiller have recently discovered superconductivity

in the Ba-La-Cu-O system.

(Exercise 4-3) KD LITEIT HHEHIOFE Y & 1EH.
1. A much improved LED is recently developed.
2. A pulsar has been discovered in 1957.

3. The numerical solution of Eq. 16 has schematically been shown in Fig. 3.

18



§ 4-4 fihEhzEH B EhEEH

fth By ] H B
(v.t., transitive verb) (v.i., intransitive verb)
HF5E B PEDZ2 0
ZHENRE TE D TERWN

(1) fthZEnza

1. discuss (v. t.)

W: ** Let us discuss about the validity of this approximation. **
R: Let us discuss the validity of this approximation.

AfER] “about” |ZIARETH L. 5L FEICEB W TRICHIEZ LT,
2. consider (v. t.)

W: ** We considered about this possibility thoroughly.”
R: We considered this possibility thoroughly.
discuss & [Alf “(FR) consider about ...” DFEHMNZ,

3.equal (v. t.)

“Aequals B (v.t.) E721% “AisequaltoB.” (adj.)

NS DOREZRERI LWL S I,

W: ** The product of the secondary voltage and current equals to that of the
primary voltage and current.”

R: The product of the secondary voltage and current equals that of the primary
voltage and current.”

R: The product of the secondary voltage and current is equal to that of the
primary voltage and current.”

4. enter (v. t.)

Iz}

W: ** Both of these impurity elements enter into the A site.
R: Both of these impurity elements enter the A site.

LACAD ] IFAAGETIIA®GE TH 525, G5 TITfhEhE.

fEhE enter” 21X TANT %, ATDH] LWIBEKRLDH L.

R: Complete your application by entering your student ID number here.
H 83 O enter” (I BEOHGFE TITIE & A SN RN,

P7=fle LT visit e EbHIFoND. iOMELHD. )

W: ** ['will visit to your university this summer.”

R: I will visit your university this summer.

5. approach (v. ¢.)

W: ** As x approaches to unity, f (x) diverges. **

R: As x approaches unity, f'(x) diverges.
(x 28 1 IZ#nEd 2L, )

L Eh G “approach” IZHIE R “to” 1T AETH 5.
H @7 O approach” | I EE D HFETIXH E D HL 2w,

6. substitute (v.7.)

SR
W: ** We substituted copper by iron in order to induce ferromagnetism. **
R: We substituted iron for copper in order to induce ferromagnetism.
R: We replaced copper with iron in order to induce ferromagnetism.

ATBEERT DA “substitute”® HIYFEIZ/2 5,
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7. attribute (v. )

“(We) attribute A to B.” (v. ¢. )

If you attribute something to an event or situation, you think that it was caused

(WEB LD S5l 5 A1)
http://www.collinsdictionary.com/dictionary/english-cobuild-learners.)

* AL BOm#R (B 2VREK) (CHER

by that event or situation.

[F75381C ascribe Ato B 233 5.

R: We therefore attribute this discrepancy to the crude approximation made in
Eq. (3).

R: Therefore, this discrepancy is attributed to the crude approximation made
in Eq. (3).

R: Therefore, this discrepancy is attributable to the crude approximation

made in Eq. (3).

8. raise (v. 7.
raise (v.t.) & rise (v.i.) DIRAICIEE.

R: The quantity of heat that raises the temperature of the whole bulk of a
substance by 1 K is called its heat capacity.
R: The intensity of the light rose again at higher scattering angles.

(2) B8E

1. result (v. i.)

ST=oOORERSH B, (1) Aresults in B: A=B.
(2) B results from A: B «<A.

R: Fifty percent of the traffic accidents result in head injuries.
(fffi /&) percent DEEEIEIL percent.

result [ZHEGFITHL00 0, RO L DT HEDF] ZBEFHICHND

ZEEFBHLAATERN,

W: ** The resulted particles have diameters ranging from 211 m to 51 m . **

R: The resulting (resultant) particles have diameters ranging from 2 um to 5
pm.

.remain (v. i. )

W: **  The remained question is how to reach the quantum limit of detection. **
R: The remaining question is how to reach the quantum limit of detection.

W: ** The inelastic contribution from spin scattering remains a large value. **
R: The inelastic contribution from spin scattering remains large.
R: The inelastic contribution from spin scattering retains a large value.

.occur (v. i.)

W: ** The temperature rise occurred a drop in voltage. **
R: The temperature rise caused a drop in voltage.
R: A drop in voltage occurred with the temperature rise.

(R ERPBEORE TSI SEHI L. )

ANJUIZHEE : occurs, occurred, occurring, occurrence

. consist (v. i.)

“Aconsistsof B.” (A [ZB 26725, B id A DHRERTHD. )

W: ** We used a solvent consisted of 60 wt% toluene and 40 wt% ethanol. **

R: We used a solvent which consists of 60 wt% toluene and 40 wt% ethanol.
R: We used a solvent consisting of 60 wt% toluene and 40 wt% ethanol.

consist [THETTIZIZ X HIK /2. _EDBFISCOD consisting 1457 5.

W: **  This review is consisting of five chapters. **

R: This review paper consists of five chapters.
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(Exercise 4-4) WROIXDeHT, BhEOHIEIZER Y RHIXIEE.

1. Magnetic oscillations are resulted from the quantization of energy levels.
The apparatus is consisted of three parts.
CP violation is occurred in the kaon decay.
We have already discussed in detail concerning the nonlinear effects.
The relativistic effect is attributed to the long lifetime of the muons.

X-ray was irradiated to the sample for two hours.

A A i

The temperature of the sample raised to promote the reaction.

§4-5 REENRE L RENRE
Yoir B REMREAAE 5 2 & WEE LU, BBIEECEO WS 2550 5.

REEHAE : s+ vt +o.
FEIE s (b ED o)+ be (DRl v GBES)

+by + “agent” (EfEE, & LDs).
EEENER R EOSEIT
+with + “agent” GER, HLDys).
Yo ENRE A R B ZHITHWD OITESC !
*  The discrepancy is considered to be caused by the crude approximation.*
— RFAIVDFRY
R: The discrepancy is attributed to the crude approximation in Eq. (3).

(Exercise 4-5) BEBIHE CTEMNAN TV HRO L EZHREICES LD L.
1. An electron microscope can resolve the atomic configuration.
2. We have successfully substituted iron for copper.
3. Most of the previous authors have ascribed this phenomenon to adiabatic
softening.
4. Equation 1 permits us to calculate the magnetic flux density inside.

(Exercise 4-6) SZEIAETEMNIL TV HRO LA REIREICE XD L.
1. Laser processing is featured in the 2015 models.
2. The origin of attraction between electrons is attributed to the electron-phonon
interaction.

3. There were a number of diffraction peaks which were not identified.

(i) BHEIEEEICB T 28 O AEICHOW T, LT OfERAFELW ¢
JEFH B KRR« RERRSCE T A R GERME7 L— Ny 7 X B1364, 2002)
ARA b 6-10, pp. 116-185.

(@A77' b WEOOFRRET, BRAOHTIZIIRD L 5 7
BEAIZ b, 2o TH 1 %Hi (the first syllable) (27 72> NEDiF 57 &
DYNIEAR

BE: (B réport,  increase,  6ccur, résult 7% E
(IE) repért, increase, occur, result

B—EiT () differ

The origin of “Murphy’s Law” ~— 7 . —®D{EH]

In 1949 at Edwards Air Force Base, Captain* Ed Murphy, a
development engineer from Wright Field Aircraft Lab, remarked by
referring to the technician who had wired the strain gauge bridges:

“If there is any way to do it wrong, he will”,

Arthur Bloch: Murphy’s Law: 26" Anniversary Edition
(A Perigee Book, 1993).

*Captain: (Z25) K
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E£5F MR - &l - LERKRE
(Adjectives, Adverbs, and Comparison )
§ 5-1 &5 (Adjectives, adj.)

&1 fHEE (R A%)
This compound is metallic. (s + v + ¢)
Ri& 2. AaF%ZEH RERE)

This is a_metallic compound. (adj. + n.)

4

It melts at a temperature similar to that of aluminum. (n. + adj.’A])

+

RZERITERZEET SR

1. similar / same / identical

W: ** We used a similar apparatus as used in our previous experiment. **

R: We used an apparatus similar to that of Smith and Jones.
R: We used the same apparatus as (that) in our previous experiment.
R: For this particular quantity, the classical mechanics and the quantum

mechanics give the identical result.

“similarto” (FE{LD) & “thesameas” ([7l—®) IXEWNEL D, HIEITE
BIL TV BFE—TIERWEE, BEITZFE LD THLHAEITHNWS.

W.: same as, a same as — R: the same as

“the identical to”lX &< F—D] & W) ERERINRALI-WE XIZOH
LAY

2. able to

W: ** These values are able to be fitted to the experimental curve. **
R: These values can be fitted to the experimental curve.

“are able to be” [ IHTHRIZB I 2 DD T, “canbe”ZHWH XX ThHS.
“A is capable of n. (or ...ing).” £\ HEL H 5.

3. applicable to
W: ** Equation I can be applicable to this device. **
R: Equation 1 can be applied to this device.
R: Equation 1 is applicable to this device.
“can” & ”able”lX & HIZFIRE/R Z L Z EWT 506, MEWV ORI TIIERED
KENZ /25T 5.

(381)

4. negligible
W: ** The effect of this distortion can be negligible. **
R: The effect of this distortion can be neglected.
R: The effect of this distortion is negligible.

O & DORiTDOH] & [FIfE.

5. dependent on

W: ** The current is independent on the voltage. **

R: The current is independent of the voltage.
R: The current depends on the voltage.
R: The current is dependent on the voltage.

“dependent on” & "independent of” & Ji[F] L 72\ K 9 2.
“independent from> |Xi%H
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6. EAEOWBAMME (BALEBM = N1 (hyphen) TEE®HD.  §5-2 FlFA (Adverb, adv.)
(§3-4 THIR~=, )
R:
R:

We used a 5-g sample for the neutron spectroscopy. (gram)

v.,, adj., adv., XEWRe ExEf. (f. nZE/MiT 5D ad).)
Finally, 6 g of the sample was purified. (grams)
& Such behavior i ch S (1) BFEOE
R: Tl}llc .e var 1s. c a;a:}:lt.ensu: 0 E.It:NO— dl.menm.ona 1system. B 7 R 2
: e spin dynamics of this system is two dimensional. AR AR 7 45 1 SO ¥ i
yossa HIE R e DOEFTNZE < O EE.
In Millikan’s oil-drop experiment, the electric charge carried by each oil drop ﬂﬁ/f Dﬂ’;ﬁjuﬂ’ /E,/\Eﬂ?i’f By o5, TOERICE < OFEE
was found to be a multiple of a unit. @Jaﬂ%ﬂiﬁfﬁj—é ]ﬁj i, B
A black body in thermal equilibrium (that is, at a constant temperature) emits F Bl 75 & B O E %,

electromagnetic radiation called black-body radiation. B 72 BRI OERT (XX AEEOR) (235 < OV EIE.

B & HAYFEORICEIF 2 ANV &,

“The method of least squares” (/> —3&y£) |E “the least-squares method” &

HEVY, “squares”|Ed < £ THEILICT 5. R: The temperature rise occurred unexpectedly.
signal-to-noise ratio: {3 5435, S/N L W: ** “This article covers completely the topics. **
mean free path: ¥ H HFTRE  (mean (3 free path” % &) R: This article completely covers the topics.

BEEDRH L% E1E,  EPD) BBhE O ER.
ZOEETFAINZ-E D LT D.
We will qualitatively discuss the behavior.
These problems should first be considered separately.

The signal corresponding to the E; structure has always been observed.

Murphy's Law:
If anything can go wrong, it will.
Murphy's law of thermodynamics:

Things get worse under pressure.
Murphy's constant:

Matter will be damaged in direct proportion to its value.
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(2) BEISFEZET HEIF
1. almost

W: ** Almost the dislocations were annihilated. **

R: Almost all the dislocations were annihilated.

BOMA T & & IiX almost all” & VY, FREE A R T & Z 1T almost” 721
THRTh%.

R: Almost all the oxygen was absorbed.

R: Almost all the researchers in this field agree with this conclusion.

R: At that point, the crystal almost reached the required temperature.

R: When we closed the valve, the reaction had almost been completed.
2. enough
+4358\ > : strong enough  (enough strong £\ 9 RN HARNIZZL )

When the spins of a pair of nucleons are opposite, the attractive nuclear force is
not strong enough to bind them together.

3. respectively
W: ** A=] B=2, C=3, respectively. **
R: A=1, B=2 and C=3.
R: A, B and C are 1, 2 and 3, respectively.
(4,B.C WRWEEAIDOLEIT, Hfa KREELICBE L2 T
RHRNOT 123 EORIERDLNY SH A, )

4. firstly
W: ** Firstly, ... second, ... last, ....**
R: Firstly, ... secondly, ... lastly, ....
R: First, ... second, ... last, ... (e, . . . WIZ, . . . &&EIZ, ... )

“last”, “lastly” D733 V|2 “finally” % HVNTH L0,

“Atfirst (n.)” |ZFRFRIARIEFICOAZA NS, LS BITHE) & IT R 5 R

PR % = & MR LTS . B R0Ril @@%%ﬁﬁ”Tmﬁ(rif%
—I2] ) OfRBYVITHAND D] Mﬁfké Bz

At first, this theory was not widely accepted.
WS & TZOEGRIFHDOD D BITAITZIT AR T2,
I, EWVII=aT U ARDD.

SlE

5. hereafter
** We will abbreviate this to “HTSC” hereafter. **
R: From now on, we will abbreviate this to “HTSC”.
R: We will abbreviate this to “HTSC” here.
SCERNZIZRLEV TIZ 220, “hereafter” X the hereafter”y [FE#4 ) & Bk
THDT, AL ARDENVE LT 5.

(3) #EHkalzd
however, hence, thus, therefore, furthermore, accordingly, otherwise 73 &
HLETREITHD. Z 2D EDEDIZHEET HDITITfEZ 720,
foinn (because, although, if 72 &) LIERI L7220 K 912,

“However” D ihilRR I K< BT 5

W: **The results are interesting, however, their interpretation is rather
misleading. **

R: The results are interesting. However, their interpretation is rather
misleading.

R:  Although the results are interesting, their interpretation is rather misleading.

(R PIEROIGE TN D 2 L AR, B however” D 1E(E 23
FIEOBRAE AL TNDD0NE LIt
BOMFE 7 L) IIRE S TEW,

You can act however you wish.
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§5-3 LLEICRH9 5%k (Comparison)

Sample B was 10 mm shorter in length than sample A.

Iron has a greater specific gravity than aluminum. (aluminium)
Hydrogen is by far the lightest gas.

Boron nitride is as hard as diamond.

Nickel does not have so high a melting point as tungsten.

RZEICIREET HHERRR
1. compared with (compared to)
W: ** X'is much larger compared with Y. **
R: X is much larger than Y.
R: X is very large compared with Y.
“..er” & compared with” X & b IZHE A RT DT, FRERKE LW L.

2. different from
W: ** Xis much different from Y. **
R: X is considerably / very different from Y.
R: X differs greatly from Y.

W: ** The electrode system was different between theirs and ours. **
R: Their electrode system was different from ours.

3. an order of magnitude O & {7
R: The transition temperature predicted by the mean field theory is two orders
of magnitude smaller than the observation.
R: .... is smaller than the observation by two orders of magnitude.

4.by a factor of N N 1% (o THIEFA) OLZATHANS. )

R: We have recently improved the sensitivity by a factor of twenty.
R: The contribution from higher-order processes is smaller by at least a factor
of five.

5. unique 72720 & DD
R: The differential equation, with the initial condition, has a unique solution.
TR OEDD” LD MERI IR BN B H DT, ikikE o< 5720,
very, rather 7¢ & OFRFE 2 KRG TEAM L72 0 T TE 0.
“common” b [EEE T, “more common”, “more unique” £ X TX 720>,

(Exercise 5-1) TFRAERICIEE L TAXAEFRE L.

1. 2 B (orbit M AAEH ONRITEHRTE S,

2. BEFOETOREZEEMICERL LD (Wewill ..).

3. B2 LN EEY ON T OBUTIRED 3 FelZ 4% (proportional to).
4. PHEFOEEITEFOERELY 3R V.

5. W EAER & B AAER OMITIZEVERERH 5O TiE vt E
Tz - T (HlF long) Bz BTz,

6. TA vvad A NEFH%E 4 IREORFAZHEHA (space-time continuum) &
LCRiib L7z,

7. ZOF LW Ko TR BHEE T s U EdeE Lz,

8. =a—hU /e =a— Y JIFEKIICHHET T E A EBEDRVAL
TTHLN, VT hRTIENENA] £-1 THD.

Fanagle's rule:
Experiments should be reproducible; they should all fail in the
same way.

Fanagle's rule:
Teamwork is essential. It allows you to blame someone else.

Futility factor:
No experiment is ever a complete failure; it can always serve
as a hegative example.
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F6E BAALHH
(Gerunds and Participles)

Eh445A (gerund) : hE D ing B = RARAAE

53E (participle) : iAo  ing JE (BAE )
F 2T E Y = MERFAMRE

§6-1 FFE L L TOEIAE
RO ZODLEHE R THE .

The substitution of these values into Eq. (1) yieldsan o« of5 X 10 K™
Substituting these values into Eq. (1) yieldsan « of 5 X 10 ¢ K !

4G W5, BB TOSEBNWEIIZZR > TS, ZhuTxf L
TE G2 AW FITEMEN BRI SN TR Y, EENTHEGREND 5.
(§3-3 THHG 4T E IS D Z & DEMIEE IR )

Increasing the temperature to 800°C did not significantly change the oxidation
effects.

§6-2 BhRADEDEIRE (BRIEE

EFRIOHFEE L CAREH EBLFDOEDL L E & DL, FRENDE
HAlLk->-TELS.

W: ** We have finished to install a new program for the data analysis.. **
—3E EORRY

R: We have finished installing a new program for the data analysis.

HAFDAE HAGE L LT L AMMENFICIT,
finish, avoid, involve, keep, suggest, resist, postpone 72 ENX&H 5.

to+ R EE D&% FF O thiEhEa iz,
agree, decide, manage, fail 72 ENH 5.
(2%5)

+HBURE+AREF  OMELE] : let, make
Everything above absolute zero radiates in infrared, letting astronomers see
deep into our galaxy.

L LZERETIE + to +RE R
You were made to go out and get her. (Hey Jude, the Beatles)

(Exercise 6-1) fEIMANODIE LT A3,

1. The government postponed ( to start / starting ) the new nuclear project.

2. Classical mechanics fails ( to account, accounting ) for an interference
experiment with electrons.

3. Thave finished ( to write / writing ) the report for the student lab.
We have finally managed ( to repair / repairing ) the scintillation counters.

5. Tlook forward (to meet / to meeting / meeting ) you again at the next international
conference.

6. We prefer ( to use / using ) it anyway ( rather than to send / to sending ) it back
to the manufacturer.

7. The temperature inside the chamber finally stopped ( to increase / increasing ).
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§ 6-3 ATEADENEAE (BRIEE

ATEFHEN B (& 2 WIFEEREEI+EE D) O TRz k9 2 &I
B EREE D Z L DBLUN.
They first produced various color centers by irradiation of the crystal.
They first produced various color centers by irradiating the crystal.

[FIERIZ “by measurement of> L ¥ “by measuring” D575, HIEIT4 R TIX
& D BARKITEF T D &\ ) BIATAIDOHERE NS A ST, ISR 5.
REMICRESRIBEFANH D L EE, THITRTDICIEIERFAZHNS.

W: ** Impurities play an important role to increase metal hardness.”
R: Impurities play an important role in increasing metal hardness.

“play a part (arole) in” DI ITA GBS G, [FEROH] & LT
“be worth ...ing”, “get rid of .. ing” I ENRFETFTHND.

CLINNT3

.ing”, “succeed in ..

Murphy's law:
If anything can go wrong, it will.
Corollaries (%) :

1. If there is a possibility of several things going
wrong, the one that will cause the most damage will
be the one to go wrong.

2. It isimpossible to make anything foolproof because

fools are so ingenious.

§ 6-4 ;A
& BiEAO.. lngﬁ/ FERFTE) il E0REoORRRNEZE

A scattering cross section decreases with increasing the energy of the incident particle.

43R “increasing” /& “energy” & fEAi 9~ 5 XA 72 D T, “the”|TAREE.
IRAESFIXEEENRY (BEE) 5D  aheating filament (JIEAH~Z 4+ 7 A2 b)
BENFITZEIN (FEI15E)  aheated substrate  (I1EL S 3U72 Hep)
* CDBESFITRFH & (T2 < |BAR

Bl DR BT
REEN ) ﬂ@mTﬂ:/:t having + 825455

ZEYFO5E TIEIE  having been + i8E) 5

(Exercise 6-2) JFHUD 52 HVTZBIF D535 % 1 A DR AN T L &
TERE K.

1. The cable ( ) the electricity is very heavy. [supply]

2. The ( ) gas is discarded before high-purity 80, gas is
introduced into the chamber. [remain]

3. A new composite material ( ) last year is already being produced

on a commercial basis. [develop]

4. ( ) the strengths of this new model in the last section, I will
now discuss its drawbacks.

5. ( ) in Fig. 10 are some of the simpler Feynman diagrams for

[emphasize]

electron-electron scattering. [show]

(Exercise 6-3) RO % 535 Al > THEHE LD K.

1. The force that holds the sun and the earth together is gravitation.

2. The mechanical parts which should be repaired immediately are listed below.
(“require” Z W T)

3. Hadrons which differ only in their charge can be combined into groups which

are called multiplets.

27



§ 6-5 R4S (Participial Construction)
Gy & a TR FAE S T SCRERT D HESC.

1. A crystal often grows into the shape of a cube or an octahedron, reflecting the
symmetry of the atomic structure.

2. Equating this value to the right-hand side of Eq. 29, we arrive at a self-consistent
equation for £.

3. Not having (= Because we did not have) any electronic calculators at hand, we
had difficulty in evaluating the molar weight of the compound.

4. These capacitors can store charge from pulses of current and then release the

stored charge between pulses, thereby producing a steady current.

FRE 7 EA (Dangling participles)
DHADERLEDEE L, EXDEELMNELH>TUSHEA.
ELTCH o & bRER D LI, AFOEKR EOEEE, EXDEE
h—BIgHz L.

W: ** Having been kept at 1000 C for 5 hours, the student took out the samples
from the furnace. **
R: After keeping the sample at 1000°C for 5 hours, the student took it out
from the furnace.
(IE LW IO TlEkeeping” IXBIAFATH 5H. )
W: ** Seeing from a distance, the particle accelerator looked like a doughnut. **
R: Seen from a distance, the particle accelerator looked like a doughnut.

W: ** Comparing with the data previously obtained, the present results are in
excellent agreement with the Landau theory. **
R: Compared with the data previously obtained, the present results are in
excellent agreement with the Landau theory.
ZOMOMAIRIEFICEZ S AHND. EX T see, compare FEOEELX B
53 DWVIEMADRT D LD Db DIZR Y RRENRE (BfESFE]) ZHWTLE
WNHTEN, fF D FEFEE EXDOFFHEL —IE D &0 )RR & H#RE (GE
Eoyi) L DUERDD.

— Iy RS SCTIE, BhEEA O being & 5\ )ME having been [XAWE XD
ZENZ.

“Using” ZBRWTIRESFIIIZE A EHIAMNES A ST D EE XD
X. F£7 considering, regarding, concerning %D X I ICHIEFE L TES L
TV DRI > THAE LR,

1. These parameters were obtained using the least-squares method.

2. Strictly speaking, this sentence is not good English.

3. Judging from these results, the experiment was a complete failure.

(Exercise 6-4) kDXL AIEL L EXZHDH K.

1. *Qur interest here is to explore its implications, assuming that the same reactions
take place in other systems.*

2. *Looking farther back, an endless cycle of expansion and contraction of the

universe stretched into the infinite past can be imagined.*

Hettea & DERADRES

SEIMESCTIE, B A AN LT TR, U, Bl FB, MR, &
fh, &) e lkkx O ERAMR CE D ANMERTHD. LinL, Th
I TIELE D LTHEWRM RN D RFT WO Ty, Soff, i Ei3ae
OENCEEGA B 2 LIck 0, BRERT L2 ENRE.

1. When using this machine at temperatures above 300 K, you should make sure
that adequate arrangements for cooling water are made.
2. While being irradiated with X-rays, the blue crystal faded to gray.

3. Optical glass fibers, if properly fabricated, withstand a tensile stress over 5 GPa.

28



¥ 7F AI&E:A (Prepositions)
25 (RIEREH. BEF) OHIE]

§7-1 HIIZHHEAELDIES

EORTE R Z 3500, RICH <A LY e LARNZH D45, B, B
Ailg I Ko TREDHANZ,

(&&) + (ATEE)
evidence [U] for (of) A
a reason for A
an expression for this interaction
a change in A
the difference between A of B, and B,
an increase (a decrease) in A with B
to play a role (of B) in A
an experiment on A
the data on A
by the analogy of A
an analogy between A and B
the effect of A on B
influence [U] of A on B
B is under the influence of A
an answer to this problem

research in nuclear physics (47 %7)
research on nuclear fission (fREXT4)

(Exercise 7-1) fHIMOHIZHE S 5 I D LWAETERZHE AL,
Fill in the parentheses with the most appropriate prepositions.
1. A change (
coefficient.
2. The evidence (
3. A structural phase transition was the reason (

) the potential has a remarkable effect ( ) the transmission
) superconductivity is as follows.

) the anomaly ( ) the
resistivity.

) the theory is obtained (
) that calculated.

5. Impurities play an important role (

4. A criterion ( ) comparing the dipole moment
observed (
) increasing metal hardness.

) the voltage drop

6. Ohm’s law refers ( ) the linear increase (

( ) a resistor ( ) current.

7. New results ( ) neutron scattering experiments ( ) the spin
) this material has recently been reported.
)iequals 1to N ( ) Xi.

) the masses (

structure (
8. Sisequal ( ) the summation (
9. The difference (

proton is greater (

) aneutron and a

) that of an electron.

(Bhza) + (ATEsD
to plot y against x
to account for A JRKAFiAI 9% (to take B into account ZEIZAILD)
to substitute A for B (substitution of A for/into B)
to replace B with/by A
be calculated from A
be estimated from A
toresultin A
to succeed in A
to consist of A
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to focus on A
to depend on A
(dependent on A, independent of A, dependence of B on A)
to apply AtoB: M9 % (to apply for A: H LiATe)
A is attributed to B (We attribute A to B, be attributable to B)
A is ascribed to B
to relate to B, to relate A to (with) B
to correspond to A
be filled with A
be equipped with A
be compared with/to A (be comparable with/to A)
to begin with A
to start with A

take account (B EIZAND) DRAE

1. to take account of this fact

2. to take this fact into account

3. to take into account of the fact that ..... (BRIEEASRLMESR)

(Exercise 7-2) FEIMOHFIEHK LS D LWEIEME EE AL L,

Fill in the parentheses with the most appropriate prepositions.

1. Xis very large compared ( ) Y.

2. The outer electrode is equipped ( ) a wire mesh.

3. The chamber was filled ( ) helium.

4. The next session will start ( )1 pm.( ) a plenary lecture.

5. Penetration depth of the ion was calculated ( ) the mean of these values.
6. In Fig. 4 the observed values of electron yield are plotted ( ) the

wavelength of stimulating light.

=

The density of states was estimated ( ) the specific heat.

8. We used a solvent consisting ( ) 60 wt. % toluene and 40 wt.% ethanol.

9. This resistivity minimum is attributed ( ) the Kondo effect.

10. The feature corresponding ( ) the energy gap has always been observed.

(Fe&&) + (RTEE)

be different from A
(cf. to differ from A,

be full of A
be characteristic of A
be similar to A
be the same as A
be identical to/with A
be equal to A
be proportional to A
be applicable to A
be consistent with A
be compatible with A

a difference between A; and A»)

(cf. a characteristic [C], pl. characteristics )

(Exercise 7-3) FEMOHICHK b 5SSO LWATEAEZ EX AN L,
Fill in the parentheses with the most appropriate prepositions.
1. Our approach ( ) this problem is entirely different ( ) all the previous
attempts.
The current is independent ( ) the voltage.
We used an apparatus similar ( ) that in our previous experiment.
Equation 1 is applicable ( ) the relativistic phenomena.

Our treatment is consistent ( ) thermodynamics.

A

The period-doubling phenomenon is characteristic ( ) non-linear dynamics.
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§7-2 Rk BHREDHER

at a temperature

at a frequency

at the rate of R

for brevity

in a magnetic field

in vacuum

in detail

in principle

in /over a range

in a region

in the right/opposite direction
in this way

in this manner

in this process

in the vicinity of A

on the right/left

with a microscope (i& E.)

with a standard personal computer

by computer
by this method
by this procedure

by analogy, by the analogy of A

under these conditions
under the influence of A

(E

xercise 7-4) fEILOHIZH S 5D LW ATER 2 E X AL,
Fill in the parentheses with the most appropriate prepositions.

. The experiment was carried out ( ) the following conditions.

. This will be explained ( ) detail ( ) a separate paper.

. The resolution will be enhanced ( ) up to 50% ( ) this method.

. The S/N ratio was improved ( ) more than a factor of five ( )
this new receiver.

. We have succeeded ( ) stabilizing the reaction pressure ( ) this
way.

. Mercury remains ( ) the liquid state even ( ) room temperature.

. The scattering rate is evaluated ( ) the method of least squares.

8. The Eudora software was designed by Steven Dorner ( ) the University

of Illinois in 1988.
. The crystal was irradiated ( ) X-ray ( ) two hours.

Sattinger ‘s law:

It works better if you plug it in.

Horner's five-thumb postulate:

Experience varies directly with equipment ruined.
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§ 7-3 RIE A
WL ODDFEEFES L TRIRE L CRIEFDXZ S X

as well as A

along with A

in addition to A

in accordance with A

in agreement with A

in spite of A (= despite A)

instead of A

in terms of A

on the basis of A (= based on A)
with respect to A

by a factor of N
on the order of 107 eV

ANEF AT A TMRICLALTH S,
by means of ...— by ...

because of the fact that ... — because ...
for the purpose of ... — for ...

in the case of ... — if ...

by the use of ... — by using ...

(Exercise 7-5) EIMDHFIZ 5 Xb LWATEEAZE X AL L,

Fill in the parentheses with appropriate prepositional phrases.
The rotation of E equals minus the partial derivative of B
( ) L.
( ) the parameter ¢, the modified
Hamilton’s principle can be written by Eq. 1.
( ) his theory, Dirac was led to the
conclusion that to each “normal particle,” there must exist an “anti-particle” with

exactly the same physical properties but the opposite electric charge.

The size of an atom is ( )10 m.
The signal-to-noise ratio has been improved
( ) five with this new detection
technique.
{on the basis of,  based on, by a factor of ,
in terms of, with respect to, on the order of}
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%£8F i (Articles)
TR o, EEA  the o ATOMICEE, ZOATOME,
5 P 2

BaRDEVH (6585 (1) HALNDIDEN?
(2) BHEMN G ?

3) ETE 201G (REEE) 7o

Start [U] > [RIER) —> the the behavior
ANEFE —> MEEEd (@)  behavior
[C] s (HE) [RER) —> the the electron
REFE — a(an) an electron
pl. (B0 FRER) —> the the electrons
NEFE —» MEREE (@)  electrons
TEDEH_a DERPAE

s
S

AAFDORTFRFETH D] LESFRBATVDLEHEED,
A RAFI[CIHEIA T 5.

>

Ei_the MEKXRKIAE
() mONCTAREEEIE L CEASNAFIZ 2 BIEBURBRICE LTS & X.
2) EOVEDIZODNTEELTNLDNE-EH LTNT,
BE - BEFOMER D WREMEORNAFED L X,
the sun (= the sun of our solar system)

(3) then. of ... : ZFANEZ DY THRE SN D LG

The area of a circle is equal to 1T 7 2.
(4) ZFAPEEFADR LRI L > TIRESHL TV L HE.

the most sensitive detector, the third law of thermodynamics
(5) the+[CIHSL DT, MREELES; T2 b0

The electron has a negative charge. The brain is extremely complicated.

FIvIAE
(1) [C] (a countable noun) 72 543" a 7> the 2>, & D WITHEEIE MBS,
(2)a & the ZMVBEXTAHATCT =y 7T 5.
[Clpl RC[UIDHAIL the ZHU -T2V F1F720 LTHD.
(3) this/these, that/those TiE Z#22 HALALIT the 237,
(4)acertain ZfHT THEBNLIRITIUL a £721E ¢ 23 Y.

AlJ. Leggett: [FHASEEERCOTT) H2 Rt OLE, 1999) 5 4 .

“The” (XHRT-NFEEZ L TWDLMENTTLOEDTHLI L E 5D
BRLLTWD., —F, “a” (bDdWITBEROGAEIGEFORNT &) X%
NBIZIZ =D TRNWZ L ZFMIBERL TS, - T

“The solution of (3.9) is given by (3.10).”

X, OB LRI EERFICERL TS, —F

“A solution of (3.9) is given by (3.10).”
TR EBMOERDHY 52 Z LA ERL TS RO FHI > 723C)
B LTAHALD.

f{x) is an analytic function of x.

f(x) is the function of x defined by (3.11).

f{x) is a Bessel function. (> E/BEITEZ < H D)
f{x) is the Airy function. (=7 U —BIUI/=7Z—2 L D72 \)

(ZDFRBIWITHRTH D EBELT)
Two components of the momentum commute with H.

The three components of the momentum commute with H.

Very small values of ¢ are unphysical.

The very small values of 7 given by Eq. (6) are unphysical.
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(Exercise 8-1) # v 3 M7/ XY 7ewlail, F7013e (BEwid]) 2 A L.

. The weight of (1 ) molecule is the sum of the weights of all the atoms
that constitute (2 ) molecule.
2. (3 ) Internet is (4 ) phenomenon of the late twentieth century.
. Pick (5 ) point on this curve and draw (6 ) tangent to
7 ) point.
. (8 ) Dirac’s theory lead to (9 ) equation of motion for an

electron treated as a point particle.
Heisenberg’s uncertainty principle;  the uncertainty principle
Maxwell’s equations, Ohm’s law

the Bohr radius,  the Boltzmann constant,  the Planck constant

. Figure 4 shows (10 ) X-ray diffraction patterns for (11 )
films prepared at substrate temperatures of 140°C and 400°C.

. (12 ) point at which these convex and concave curves meet is called
(13 ) point of inflection.

the convex and the concave curve & A

(the structures and properties of conducting polymers)

. (14 ) diagonal of (15 ) parallelogram divides
(16 ) parallelogram into (17 ) two congruent triangles.
JREERRR « TSGR SCHET A B GERAL 2002) & X0,

(Exercise 8-2) Fill in the parentheses with the most appropriate articles (a, an, the,
or ). EFTITFEE O HEM L TTIEOMEL, WIZED RO | 25512

(M

@)

(€)

Lo e L.

(1 ) probability of (2 ) eventin (3 ) ideal experiment is given
by (4 ) square of (5 ) absolute value of (6 ) complex number
wwhich is called (7 ) probability amplitude.

P = probability

= probability amplitude

P= |yl
When (8 ) event can occur in (9 ) several alternative ways,
(10 ) probability amplitude for (11 ) event is (12 ) sum of

(13 ) probability amplitudes for (14
There is (15

) each way considered separately.

) interference.

v=vity

P= | Wi+ s | 2,
If (16 ) experiment is performed which is capable of determining whether
(17 ) one or another alternative is actually taken, (18 ) probability of
(19 ) event is (20 ) sum of (21 ) probabilities for (22 ) each

alternative. (23 ) interference is lost.

P=P +P,.

From R. P. Feynman, R. B. Leighton, and M. L. Sands: The Feynman
Lectures on Physics (Addison-Wesley, 1965) Vol. III, Sec. 1-7.
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(Exercise 8-3) Complete the following passage by filling in the most appropriate

articles (a, an, the, or ¢).

At about one-hundredth of (1 ) second, (2 ) earliest
time about which we can speak with (3 ) any confidence, (4 )
) hundred

This is much hotter than in

temperature of (5 ) universe was about (6

thousand million (10'!") degrees Centigrade.

(7 ) center of even (8 )  hottest star, so hot, in
9 ) fact, that (10 ) none of (11 ) components
of (12 ) ordinary matter, (13 ) molecules, or atoms, or
even (14 ) nucleus of (15 ) atoms could have held
together. Instead, (16 ) matter rushing apart in this explosion
consisted of (17 ) various types of (18 ) so-called
(19 ) elementary particles, which are (20 ) subject of
(21 ) modern high-energy nuclear physics.

From S. Weinberg: The First Three Minutes (Basic Books, 1993).

(Exercise 8-4) Complete the following passage by filling in the most appropriate

articles (a, an, the, or ¢).

One of (1

3 ) quantum mechanics has to do with (4

) most popular beliefs about (2 ) “strangeness” of

) Heisenberg
uncertainty principle, which states that it is impossible to know with (5 )
total precision both (6

) momentum and the position of (7 ) object

at (8 ) same time. In (9 ) common understanding, the uncertainty

principle is taken for (10 ) statement that (11 ) world is
unpredictable. Just (12

actually (13

) opposite is true: The uncertainty principle is
) recipe for making (14 ) measurements with

(15 ) incredible accuracy.

(Exercise 8-5) Complete the following passage by filling in the most

appropriate articles (a, an, the, or ¢@).

(1 ) phenomenon of (2 ) superconductivity is (3 )
remarkable example of (4 ) quantum effects operating on (5 ) truly
macroscopic scale. In (6 ) superconducting material, (7 ) finite

fraction of (8 ) electrons are in (9 ) real sense condensed into
(10 ) “macromolecule” (or “superfluid”) which extends over (11 )
entire volume of (12

(14 ) whole. At (15

) system and is capable of (13 ) motion as

) zero temperature (16 ) condensation
is complete and all (17 ) electrons participate in forming this superfluid,
although only those electrons near (18 ) Fermi surface have their motion
appreciably affected by (19 ) condensation. As (20

) fraction of (22

) temperature is

increased, (21 ) electrons evaporate from

(23 ) condensate and form (24 ) weakly interacting gas of
(25 ) excitations (or “normal fluid”), which also extends throughout
(26 ) entire volume of (27 ) system, interpenetrating (28 )
superfluid. As (29 ) temperature approaches (30 ) critical value T,

31 ) fraction of (32 ) electrons remaining in (33 )

superfluid tends to zero and (34 ) system undergoes (35 ) second-

order phase transition from (36 ) superconducting to the normal state.

From J. R. Schrieffer, Theory of Superconductivity, (Perseus Books, 1964/1999) .
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From §3-7 FiE# 's h Emdi the H

THRARRT 4= S EHIGE. ENETTHRETHBELNHLDT.
FEREE the [EDI(F7ALN.

Maxwell’s equations  (the Maxwell equations) one of Maxwell’s equations
Ohm’s law

the Maxwell distribution
the Pauli exclusion principle (cf. principal axis) JFEE (HEfAE) | il
a Feynman diagram

Vesilind's laws of experimentation:
1. If reproducibility may be a problem, conduct the test only once.
2. If a straight line fit is required, obtain only two data points.

From Prof. Glenn Paquette’s lecture (at Kyoto Univ.):

Two rules in choosing proper articles:
1. Countability
A noun is countable if and only if it has a well-defined boundary.
(Countable 72 & JFHIZ ¢ [IAH])
2. Specification
A noun is specified if and only if the information available to the READER
singles out a unique thing.
(Specified 72 & the)

In Fig. 1, we plot f{x) with ( ) open circles.

( ) open circles in Fig. 1 represent f{(x).

(Exercise 8-6) by Glenn Paquette
Complete the following passage by filling in the most appropriate articles (a, an,
the, or ¢).

1. The quantity 7 has ( ) interesting physical interpretation.
2. In this case, ( ) operator of this kind does not exist.
3. The above results provide ( ) clear understanding of ( )

resonant behavior.

4. Next, we reduce this set of equations to ( ) system of ( ) simpler
equations.
5. We consider ( ) simple equation dz(x)/dx = f{x), where f{x) is ( )
second function appearing in (3.4).
6. We plot ( ) coupling strength as ( ) function of y in Fig. 1 (a).
7. However, note here that F(y, £) is not ( ) continuous function of y.
8. This behavior is described by ( ) following equation: 4 = B.
9. One of ( ) main results is given in the next section.
10. This statement removes most of ( ) ambiguities.
11. This appears to be equivalent to ( ) ordinary second quantization
formalism.
12. This treatment is analogous to ( ) standard algebraic treatment of the

harmonic oscillator.

13. In this case it is most convenient to use ( ) cylindrical coordinates.

14. Suzuki et al. applied unitary analysis to ( ) data obtained in such
experiments.

15. Synchronous activity in ( ) brain seems to be generated and maintained
by ( ) interactions among neurons.
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EO9E XMDMEA Connecting Sentences

§9-1 ERNKAF
[1] BRI FADRE R & JERERE

REMRE (ho<EL) ZTOBBREFENENE ) BT TEAFNEOY
RLANERTOPLNIG72L 72555,

FERERE (AU<HY) : FBATHIIK L TN GRERBAZ N2 556,

An experiment which uses a magnetic analyzer is not very reliable.

Brown’s experiment, which uses a magnetic analyzer, is not very reliable.

BIFRFART 2 BV BRON T H BRI D D 220 )a?

WDOLE_RTHRELD -

(a) We find the solution of egs. (8-10) which remains finite as x — 0.
(b) We find the solution of egs. (8-10), which remains finite asx — 0.

L) iFx = 0 DLEHLAMTRVMOERBOMRHH 2 & (Dl L
LHVFLHZ L) ZiZ00NLTWD. ZORREEIITH 2 B RoT 5~ &
RN ENIRETH D E R LTS, i, XOIE, fEE=E—> (b
FAUT “the” 1T “a” TEEZ#MAHND) T, SHLIKENTARTH D &b~
TWh. LENR-ST, XOIEFOX b EXWHBZOND.

We find the solution of egs. (8-10); this remains finite as x—0.

(EIave oGk §93 2oz &, )

[2] RERZEICAWSE&HRNASKE “which”

ZHNEZL OGAEFRETH D,
HCEE native speaker D SUUTIEBHRARAFAIXH £ 0 iz, a9,

The I-V characteristics which were obtained by this method are shown in Fig. 3.

= The I-V characteristics obtained by this method are shown in Fig. 3.

The method which was described in Section 1 will be used here.

= The method described in Section 1 will be used here.

The equation which describes this behavior is given in Appendix A.

= The equation describing this behavior is given in Appendix A.

[3] BRI AE “that” (BREREDH)
(#EK]) ZATRIN & B ORI %> TW\Wizb, all, every, any, no,
the same, theonly, thevery, thelast, thefirst 72 FIREDEBKRHGRLVE
fifizh 2 E > TV DA, that BaFEND. FERE ..., that . ([TFRH. )
2L, FATHNANEET L EE, EOHBETH who TRU.
—MIZ, FEATRSAN OS2 E e that 2 5.

Table 1 summarizes all the previous specific-heat data that have been published

on this compound.

(&if]
RIDRE (H <L) “which"DMH Y IZF T that ZE 5 M,

Gravitational waves %& i 3C : Phys. Rev. Lett. 116, 061102 (2016).
AL 8 _R—T T,
[2] DORE“which” 1ZIEHTL 5222 0 ! —[3]7 that 23 14 [A]

[1] DOIERRE < which”iZ ? 8 [l
[5] @ “Ri{EF+which” [ ? 3 [H]
to which, the rate at which, some of which

§9-3 D I 2w (semicolons ;): 10 [F],
1 (colons :): 19 [B] (PN 7 [ENEX DOF 5 D7)
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[4] BARAKBEADEITEA
BERALANEDEE (ETH) ZHEIDELITHNADEIITHEO TSI L.
(1) BIERAA A & et TRd DE %I E < D23 F AL

One then obtains periodic solutions to the dynamical equations, which agree with

those found by Jones.

Jones X HFER A RHOTF 72D,

= ...equations; these equations agree ...

b DI E BT oD ?

= ...equations; these solutions agree ..
Q)%é%%%ﬁﬂ&ﬁéwmmwﬁwﬁiﬁfé
Pauling assumed two kinds of constituent atoms to be set as nearest neighbors,
which is supported by the fact that ...
= Pauling assumed two kinds of constituent atoms to be set as nearest neighbors.

His assumption is supported by the fact that ...

[5] BIEFGRIDBE/EEE L TORRKAE
However, the extent to which Ca influences these properties is still a controversial
issue.
(Exercise 9-1) 71 > = NI e 72 BRI A G 2 (B2 & 1 o~ O E RN
Z7T) FJF
1. The phase diagrams, ( ) these applications are based, are
reviewed in one paper.
2. It appears to be one of the few places in physics ( ) there is a
rule ( ) can be stated very simply, but ( ) no
one has found a simple and easy explanation.
3. Composite objects, in circumstances ( ) they can be considered
as a single object, behave like a Bose particle if they contain an even number of

Fermi particles.

§ 9-2 EHHAA

LEFGEANC SR 720 [EEERR ) 121E, $#EKEEA (f, and, because 72 &) <°
ERiglE (however, furthermore 72 8 B D,

(1] EREFADEEM

ROLTT 74 o~ Db LBERENGDOGIATHS. FifkD L& imln
2, £ L THBERIC SR STed ogEha) CR3CT) 28, BTV SR TW D
IS OFEANEINR W, S Db 5 LEEED ETOWRDTF L& %)72&5

More surprising is the Meissner effect. If a solid (simply connected) piece of
superconducting material is placed in a magnetic field and then cooled below the
critical temperature, the magnetic field is pushed out of the superconductor.
Technically, some lines might be trapped in the object, because some parts reach
the superconducting state before others. Furthermore, if the magnetic field is strong
enough, it might not be pushed at all. In such a case, the material does not become
superconducting. Its resistance and specific heat are normal. Because of its
magnetic domains, iron cannot be cooled into superconductivity.

R.P. Feynman: Statistical Mechanics: A Set of Lectures (Benjamin,

Reading, Massachusetts, 1972) Chap. 10.

Truman's law: If you cannot convince them, confuse them.

Bumper Sticker: If all else fails, lower your standards.

Cole's law:  Thinly sliced cabbage.

Cole's Axiom: (axiom: an established rule or principle 2A¥E)
The sum of the intelligence on the planet is constant;

the population is growing.
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[2] & <f&E 5 EHEE

RE - BROEE - RELEOHBREZMESLO

(Hzfotan) because, since, if, provided (that)
(EII7A]) therefore, thus, hence, consequently, accordingly,
naturally, obviously, clearly
(FIF4A)fh) asaresult, asaconsequence, in thisway, as long as
BHDORELKESS D
(ot i) and, or
(BIIF) furthermore, moreover, besides, also
first, second, third
(RFH)f)  in addition, in particular, as mentioned earlier
notonly ... but also ..., atthe same time, for example
RADABZ S D
(E=foesn)) but, while, whereas, though, although, even though
(EII5) however, nevertheless, otherwise, conversely
(RIF4Ifth)  on the contrary, in contrast, on the other hand,
in spite of,  despite  (“despite of ... * [XFRF ')
TIEREET HED
1. because, since

“because” IFTELH A (X > Z Dk~ [RRBMRZBH LT 5.
“since” 13 LEEVVE U FFICHEE > TWD L5 B2 id R 5 & =T
PR 2R TERFF O “as”, “so”, “for” [TV 2V EAR v,

2.And, But: XEHIZIZAWZRNZ L.
% “and”, “but’, “so” THEDRNL I T L2 E V.
“And”DfX Y IZ “moreover” & D\ ME “further” %L,
“But” OV IZ “however” & B\ “nevertheless” &V 72 XU,
“So” OV T “therefore” & D ME “hence” ZHU72 XU . (AJ. Leggett)

3.then : JLHT MEh X, MEh D) OBKICANVSDIFRAY.
“Then” (IFFHMIERZETOIZHND. HDWVIIEMEHE 22T THWA.

“Then” CTXZMBEHD Z LITITEE L TLZEW. ZhE “therefore” D E IR
THEIZEIFELS S EHA. o THIZIFEOED L ) ITIFET EHA.
W:** “ fiz) is clearly analytic in the upper half-plane. Then we can replace ...." **

—HOEDL I BRITEHENTH ALV,

“ Let us suppose the series converges. Then we can replace ....”
Z DA D “then” 1L “therefore” % Bk L £/ A. FDOEKRIT

“ When (or If) we have supposed the series to converge, then we can ....”
LD T ETT. (A Leggett)

4. First(ly), .... Second(ly), ... Third(ly), ...

§5-2 (p. 21) THIRAZ2N “Atfirst” ZRE-> THE 5 HARANRZEZ U,

“At first”: BREIAOIEFF. L b RICHRAIE RRDRAN D 5 Z L 2HRT 5.
(WL . . TholB #BT. . .. kol )

At first, most of the scientific community believed that his discovery was real.
“First”: JAE LR DNEZE .
[F9%—12(First,) | >R IZ(Next,) | > [ %12 (Last,) |
5. however (¥%fiFlF) §5-2 THEEIZEY HiF 7=,

however, hence, thus, therefore, furthermore, accordingly, otherwise 7 &1
HBLETRFTH D, Z 20X E—DITHEET 2 DITIFEZ 220,
Hfta (because, although, if 72 &) & FAEZIRFI L2V X 912,

W: ** “The results are interesting, however, their interpretation is rather
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misleading . ”** § 9-3 30> t [ R

R: The results are interesting. However, their interpretation is rather tIan EEES !
misleading. 1. 2308 (semicolon;) %, EUA FEAUTDODHEEBENRLY.
R: The results are interesting; however, their interpretation is rather SO BUE LT T2 OSCITIE LT < 7R, — o tie
misleading. N . R R ’
s . T ERNIE T T AW
R:  Although the results are interesting, their interpretation is rather misleading. The conference hall was too far to reach on foot; most of us went by bus.
St ks = e N ) S ke | 25 (\ N - ash L
(BEfiial & LT “however” |LEMMAE 725 : You can act however you wish.) BERRIE & AR B DB TS OB A% -
A; however B. F7-i% A. However B.
I N \ =
6.onthe otherhand %R Ui &MIcBT 2 R oL@l >, FUEA B AROH EFNICTTHNT B,

WORFEHH Lk, TN ERRDEFEHIT L L0 RGEITME D, ]
W: ** The solution w, is unstable. On the other hand, the solution v is stable. 2. 3B (colon:) %, EiHA - BIFIZHNS.
“In contrast.” % 52X There were two problems in the measurements: the first one was the degradation

R:  This finding can be interpreted as implying the non-physical nature of the of the sample crystal at high temperatures and the second one was the distortion

solution ¢;. On the other hand, it could simply be interpreted as of the output signal at high frequencies.

N ok ~ s > <
demonstrating the limitations of our method.  (Glenn Paquette £V 5| ) TR OFEEERICF - PLTOTRTE L0
The actual behavior of a metal is very complicated: The metal electrons interact
(Exercise 9-2) 7 v I NICILi /2 7B M) % F OFEAIEED HIBA TEEX WL with the lattice, with the lattice vibrations, and with one another.

a0 ENIETERE LT CEN IR TH L.
“the following” <> ”as follows” DZIZITLT =z m .

If an atom is exposed to radiation of a frequency much higher than the resonance

frequency of (1 ) its K electrons, the dominant processes are Compton

effect and photo-ionization. (2 ), for some purposes one is interested in

the coherent scattering, (3 ) the atom remains in its ground state,

(4 ) the cross section for this is rather small. (Exercise 9-3) Fill in the parentheses with appropriate colons and semicolons.

SEAIEE © however, although, in which, even, 1. Despite its remarkable success, the quark model presents us with a great puzzle
( ) it has so far proved impossible to break up any hadron into its constituent
quarks.

2. There were two problems in the measurements ( ) we managed to solve both

of them.

The uncertainty principle is expressed in the following form ( )Ax Ap > h.

4. Theresults are interesting ( ) however, the interpretation is rather misleading.
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5. This brings up an interesting question ( ) Why is it that particles with half-
integral spin are Fermi particles whose amplitudes add with the minus sign?

6. The answer is a result of two effects ( ) first, the exclusion principle ( )
and second, the fact that the nuclear forces are somewhat sensitive to the direction

of spin.

Law of selective gravity:
An object will fall so as to do the most damage.
Jenning's corollary:
The chance of bread falling with buttered side down
is directly proportional to the cost of the carpet.

The Murphy philosophy:
Smiile ... tomorrow will be worse.
BABICIBZ CSBIIEETHTEZ L& D.
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£ 10E &% (Rhetoric)

§10-1 i F|4E:& (Parallelism)
WHIBIRIC & 5 EAER U TR 2 &

HAGEIC TREZD, BWwkD, RLED ] OXHIREBELEOLIWI EIIND
L. Ik TR, B2 E, RTAL TIEIINATIANTTHSL. =
DX IR EBEN LI TV D EBUL, AR EOELETW AT 672
AN

FE(word)IX R D = L 72/’ 5, M)(phrase), Hi(clause)lZ\ 7= 5 E TlA UIERE
DAHNEEIZT .

Formerly, science was taught by the textbook method, while now the laboratory
method is employed.
1
Formerly, science was taught by the textbook method; now it is taught by the
laboratory method.

(Exercise 10-1) ROXEHELE K.
1. Use parallel construction not only to be concise but also clarify.
2. This effect was found by Smith and Jones and Suzuki.
Both quantum mechanics and relativity introduced ideas that seemed outlandish;
yet the universe has been made more explicable and predictable by both.
4. While we did not observe the expected phase transition, strong frequency
dependence indicative of spin freezing was observed in the magnetic

susceptibility.

§10-2 =Ex&miE (Syllogism)

(1) A=B. (ARHFTE T - - H )
(2) Moreover, B=_C. (E<HBITWVDFERE)

(3) Therefore, A =C. (RBFFEIZI1T 2 BB )

WeE, AARGEIZR ST, BARNIIZREN Q) 2EELTCLE D Z &EMRZ0.
FIEORA > M7 EREERTE T 2RT, TOMOREEROEREIT
M&F, SAFICEDPE TR UICT D L9 RGOSR E, s
E<SENT D, T TIERANICXT, BEWRICKDLD Z &2 d. HFf
BERKBAREG & AT, Leggett FIZ X DR OfiFii =55 L X ).

HORPEECRAR © TR IEEER S DT~ T
(H AW EE P30, FLE, 1984) 55 1 &,

Mo T, ZEERTE syllogism S ULIZLIRAAWSLNAZ i, §9F T
L. ZERIETIE, £9° (1) KR major premise, D EIC (2) /MATHE
minor premise, %2 (3) Wr%E conclusion Z k7%,

() 7# /7 VANEKIT o0e”(w) DE—7 DEICL>THEZBRD.
2) (L7DI) 7~ BELREIL () <e(o)/ o [ZLX->THEzb6n5.
3) ) 7+ VAT 0 l(o) OE—7 DMENLRD NS,

(1) The phonon frequency is given by a peak position of the @-£”(®) spectrum;
(2) (but) the Raman intensity is given by [ (@) c&”(w)/w;
(3) (therefore) the phonon frequency can be found from the peak position of @?I(@).

ZOrE, B LKEHEN)R Y REWET, BRG], B, A,
BIFIEI AN TN 325 &, RIT/MHEZR > TRz &, ZhnfMoR
BITHENTZDPNRARYY LT, A7 b EGE2RNWZERNDHD. ZDE)
L&, KAMBITIOEETE U A 2o TRES Y,
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“Since (2) the Raman intensity is given by I (w) *<&”(w)/ w, (3) the phonon
frequency can be - .
LT, Since THRWOLNREICEL, K< RO LA EH, BERROFRE
BE, FHEHEIZE > TRITANRSTWVWENTHD ZLNRZVDT, #EIHo
AN N2 DT ERHRS.

A.J. Leggett : R FHFERCOT T
(H AP ﬁ HLFE, 1984) 4 FE.
HAGETIE, @t HIBELHOEE L O#EZEG L THbETH &
DD BTN &%%@i##%; %, BEEBOSRNY FW-oTEHHfEIC

&onETMiﬁwiﬁﬁhE$A®%<%i®0ko®iﬁbkk%m

“It is uncertain whether this resonance should be assigned to the (56) or (82)

representation, though Jones has suggested that its spin is 1/2.”

(Z Z Tt I which, if true, would force us to assign it to the (56) representation”
ERMAETHILEEINTOVET) OXIRXEzELILTT. bHAA,
BHIRTEDFAEITE L TV D PIARRORREIZ L > TTd H2FRE E TIEE W
THELODNRAEFTA. LPLT2IZEBHETRVWE DL, < EviZ EHfkE
RIEDBIXDNICRVOTT. F—nr w8 A i&%k%ﬁﬁk@i<%
L AEBFREZESITRO BARBIZ & 2 ET. BHITROEREHS % 850
Eﬁf@@@ﬁhﬁ&@iﬁm.%Lﬁ%ﬁ:owo_ ([ZER TV
%B%A%h@k%&ﬁ%%ibiﬁhﬁ,twfw®%&fﬁﬁi%¢6
AL D TEH Y FHADT, ZORRITEHLN DM THH D FHA.

(Exercise 10-2) RO LFE A LEE K.
1. We found that this metal melts below 400°C. This metal cannot be pure aluminum.
2. This voltmeter is designed for a power-line frequency of 50 Hz only. Thus, you

should not use it in Kyoto.

§10-3 fEIRi@;% (Circular Reasoning) ##l(+%

FRE T R X R AR - BEERICERFEORIEE & T 578 o o fmaE T ik,
A logical fallacy in which the reasoner begins with what they are trying to end with

(1) Any object less dense than water will float in water,

because such an object won't sink in water.

The second part assumes that the object floats in water and does not answer the
reason for it.

—because the buoyancy force becomes larger than the gravitational force.

(2) Something can't come from nothing.

Thus, the big bang can't have happened.
The premise already assumes that the big bang, being something that came from
nothing, never happens. Alternatively, the second part implicitly assumes that the

big bang happened from nothing.

https://rationalwiki.org/wiki/Circular_reasoning

https://rationalwiki.org/wiki/Big_Bang#How_to_create_a_universe
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§10-4 Leggett M1t

SHe O A &'y Z BIAMIREN OB T 2003 (£ /) —~ LW HIEE 2% B S h
7= Anthony J. Leggett Zf% 1%, A K7 B D 1964-65 12, MR AR D
HERAKRFICHES N, TO L X ITHEBEWMELMSCHT T Progress of
Theoretical Physics (2 H A A 235 FR 3 2 3 3L O JSCIRAN 2 S 40T 2 1Rk A 18
U, BHARLEROGMC « 5% COMBLOMAN Z B OS2 % T g
INTVD, ZHBLLTFOKT lLeggett Dt | & LTaBILD,

HAGETIE, WSO DBZXEBRRBIZHTZY, TNOHHAEDOORPILDH
LEFEDEZDFEWRN, TD/RT7 7T 72K 5 WO IXin LR & Gt & 2 72
W2 EIIEBEIC R B RN K ) e FAE LT, FEShbDZTENLENLEH
ICRZET.

ERPFETIEZ ) TEH Y FHA. ZRENOLEFFICE LN TVD B
DEFIZE S U CGERICHFEH K2 T NIERY FHA. ZOLE, OE2DE
ZEWDE 2 EOBOBRIZENZFAT & XIZRERTHETRITNIERY
FHA. FlZIE, bLOIEEZERTLZ2OICEZO (K] »oixTnsd
DD, ZOZEITbXEOKDD L ZATRL, WMEDLATHMEIZ LT
WXV FEFA. ZOZEEZKTRTEDETDL DI 7. [FeHm)
TN B E~TT.

(A) (B)
(A) WA HARNOFR IR CELWVGRBELCFE DAL (B) AT Bl
FSCE CTHWD R &E KA OFREL DA

FFECHAEXTHHHIZE > TULHARFEOILZ LIT LIXA)D L 5 720
CxHXETH, ZETEHB) LT ENETA. FB@DORIFEN D720
ICBRAMAE IV, WEETIE TR MoiEsnicidznTtasEz Lo e
%, WEREWZ ETIEHY THA.

A.J. Leggett: [BHEIEREGRSC DT T | H AW EZSE, L, 1984/1999)
04,

Leggett BIEMN b BEFRRBOZEADA vE—:
Leggett %1%, WELF-OWIEE | FrIE FMRE T AL NETLL R D A
v =TT, FEAESORELEZRIO S b

“One need not be ashamed of having spent a lot of time in physics,
because I feel that the activity of physics provides a sort of
standard for accuracy and truthfulness, which is badly lacking
right now in the society as a whole. So please go ahead and

practice and enjoy physics.”

AR« [Leggett iz DB FEE ~DA vE—T
— BFEMOMRRTT —1 , AAYHETREE 74 (3), 175-176 (2019).
https://www.jstage.jst.go.jp/article/butsuri/74/3/74 175/ pdf/-char/ja

(CCiE: B “need”id should 72 & & [AIAR, BhENGAZ2 D T, needs &iF L7\, )
Need sometimes behaves like an ordinary verb, for example 'She needs to know' and
'She doesn't need to know' and sometimes like a modal, for example 'She need know',
'She needn't know', or, in more formal English, 'She need not know.'

https://www.collinsdictionary.com/dictionary/english/need

44



§10-5 What is Misconduct in Research?

(a) Fabrication
Making up data or research results, etc.

(b) Falsification (Manipulation)
Manipulating research materials, equipment, or processes to change data or

results obtained from research activities.

(c) Plagiarism
Appropriating the ideas, analysis, analytical methods, data, research results,
research paper(s), or words of other researchers without obtaining the
permission of the researchers or giving appropriate credit.

D BEHRD2FS)
FAELIRWT — & W SERE RSB T D28,

@ HEA
FRGEE L B os - R A I DHEERI TV, T —4 fFgEiEdhic k> TED
T RS A B ECARVWLDITIN T 528,

Q@ ZEHEZH V&5ED)
MO TEE DT AT 4T T FRAT 1k, 7 —% AFZERE R, G SCOUTHRE
e S A ON S B S RIS TN AN 35 I I N

From: (1) “Guidelines for Misconduct in Research” (MEXT), pp. 5-6, 11.
http://www.mext.go.jp/english/topics/ __icsFiles/afieldfile/2015/07/14/1360017 2.
pdfv

(2) TWFFETEENC BT DR EAT R ~DOXSFIZETD2HANT 1] TR, 2016
F7H16H) pp. 4,10.
http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutul 0/siryo/ _icsFiles/afieldfile
/2014/09/02/1350809 _04.pdf

To avoid Plagiarism: Quoting and Paraphrasing
Example:

A paragraph on the persistent current of superconductors (7k /A & i)

1. Quoting

Example:

“Superconductors are also able to maintain a current with no applied voltage
whatsoever, a property exploited in superconducting electromagnets such as
those found in MRI machines. Experiments have demonstrated that currents
in superconducting coils can persist for years without any measurable
degradation. Experimental evidence points to a current lifetime of at least
100,000 years” (Wikipedia “Superconductivity”,
https://en.wikipedia.org/wiki/Superconductivity).

2. Paraphrasing
Example:
FESLURBICEETHRZ:

exploited in — used in, applied to,

H-EERLEM: HKRFLSIE

degradation — decay

One of the outstanding properties of superconductors is the ability to maintain
an electric current with no applied voltage. This property is applied to
superconducting magnets such as those used in magnetic resonance imaging
(MRI) systems and in magnetic levitation (MAGLEV) trains. It has been
demonstrated experimentally that such “persistent current” can be maintained
without measurable decay; the estimated decay lifetime exceeds 10° years (mainly
from Wikipedia “Superconductivity”).
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Appendix BARFE (A2 HF) EEET=aT7URADELSH

1. 195v>a7v7 | and “brush up”

PTEBBIIAFHEEHAOHGEICESHR A LT,
https://englishhub.jp/news/ten-nine-ng-brush-up.html

(95w a7v711Zbrush up’l& NG!

[NG 3] | think you need to brush up your essay.

(2o BAZT Ty a7y I THUENRDLERNET, )
brush up X1 EERNDOW=b D BEIDNT AT L 72E) HEE LV B2 D
T, AARFEDIT Ty aT vy F=~% T 5, 1 LSEL ] &N =27 VAT
IIEZERA,

(R R AHEE
| think you need to refine your essay.
(A2 UGETONERHLEBNET, )7

RAVME: [~ZUHiT 5, ) ESED 18V =o2 T AI21E refine &£0)
HFEDMEX £,

refine: ~Z VL4 25, M LSE5
f5il:Here’s the refined version of the presentation material.
(CHEORNER ELEET VBV EETT, )

HLE B DERD T 71T FEERII DN TT AN B,

2. [/X5 Kv 9 X | and “paradox”

INSEYHR: ELEICRADATHRE, BT 2R D, ZF AN
WG MG OO F AR T S H ThDH,  (Wikipedia)
W@, EEITIELL WAl bND, FEETITEBEITELWEAIS
fEONDDONITED L,

Paradox

(Oxford Lerner’s Dictionary) a statement containing two opposite ideas that make
it seem impossible or unlikely, although it is probably true; the use of this in
writing

(Oxford LEXICO) A seemingly absurd or contradictory statement or proposition
which when investigated may prove to be well founded or true.

‘the uncertainty principle leads to all sorts of paradoxes, like the particles being

in two places at once’

3. [ +4—71 and “naive”

(A=D1 LT 1 E WS TETIFALY (RS T, M) ErR)
https://www.itmedia.co.jp/business/articles/1905/13/news064.html

Naive:
(Longman) not having much experience of how complicated life is, so that you

trust people too much and believe that good things will always happen

(Oxford) ‘a naive question’
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English for Physics
Solutions

Exercise 2-1

1 F

(2).

Figure 2. Energy dependence of the de Bloglie wavelengths of photons,
neutrons, and electrons. For the massless photons, the wavelength is
inversely proportional to the energy, while for neutrons and electrons
with nonzero masses, the wavelengths are inversely proportional to the

square root of their energies.

Exercise 2-2
1. The Hamiltonian H sub zero is (equal to) p squared over two m plus

one half m times omega squared times x squared.

2. The integral over x from minus infinity to infinity of the exponential of
minus alpha times x squared is equal to the square root of T over

alpha.

3. The partial derivative of rho with respect to t plus the divergence of
open parentheses rho times the vector v close parentheses is equal

to zero.



Solutions to the Exercises 3

Exercise 3-1
. spectra

. analyses

. quanta

. parentheses
. momenta

. theses
media

axes

. minima

10. criteria
11. radii

12. supernovae [soo-per-noh-vee]

© 0O N UAWN

Exercise 3-2
1. WHAERTH DD IR LT E D KT 5 DR MM
B

=

2. BRBMEIRGREPER)TH D v o HEE
SRR (ferromagnet) : SR B REHS 2 i) 72 < TH B BB
HELCDHME

Exercise 3-3
1. The temperature was stabilized in this way.
2. The iron was oxidized.

3. Synchrotron radiation is used in this way.

Exercise 3-4
1. Many pieces of evidence for unusual nonlinear behavior have been
found in a variety of physical properties.
“Evidence” and “behavior” are both uncountable nouns [U].

2. These phenomena (This phenomenon) can be experimentally studied
using these two pieces (units) of equipment and theoretically analyzed
in terms of a product of two matrices.



English for Physics
Solutions to Exercise 4

Exercise 4-1
1.is

2. (correct)

3. (correct)

4. was

5. (correct)

Exercise 4-2
1. ratio, is
2. dependence, is (correct)
3. considerations, lead; results, were
4. total, were (correct)
(“21 values”IZE S H 5, “Atotal of” XN EERG L TWDRKLT,
Z A was B> were 22D FE TS, )
5. series, was
(“Series” X HL#E A, "Two series of lectures were given.” & 72 %, )

Exercise 4-3

1. has recently been

2. was discovered

3. is schematically shown

Exercise 4-4 (%)
1. oscillations result from
2. The apparatus consists of
3. violation occurs
4. discuss the nonlinear effects in detail.
5. The long life time of the muons is attributed to the relativistic effect.
6. The sample was irradiated with X-ray for two hours.
(“With” OV IZ7by” TH LW2S, with DR Z =3V, )
7. was raised to

Exercise 4-5

1. The atomic configuration can be resolved with an electron microscope.
(EH)

2. Iron has successfully been substituted for copper.

(has been successfully)

3. This phenomenon has been ascribed to adiabatic softening by most of
the previous authors.

4. The magnetic flux density inside can be calculated from Eq. 1.
(3CBH72 & Equation 1, Figure 2; 3CH 72 & Eq. 1, eq. 1, Fig. 2, fig. 2
708 L EL ODEERIEE, )

Exercise 4-6

1. The 2015 models feature laser processing.

2. We attribute the origin of attraction between electrons to the electron-
phonon interaction.

3. We could not identify a number of diffraction peaks.



English for Physics
Solutions to Exercise 5
Exercise 5-1

1. The effects of (the) spin-orbit interaction are negligible.
(can be neglected.)

2. We will gualitatively discuss the behavior of electrons in a metal.

3. The number of photons in a given volume is proportional to the cube of
(the) temperature.

4. The mass of a neutron is larger than that of an electron by three orders
of magnitude.

5. It has long been considered that there is a profound relation between the
weak interaction and the electromagnetic interaction.

6. Einstein described the universe as a four-dimensional space-time
continuum.
Hyphens |2 £ &,
A continuum (H#5¢{A) is a countable noun [C].

7. The signal-to-noise ratio has been improved by more than a factor of
five with this new detection technique.

8. The neutrino and the antineutrino are electrically neutral, nearly
massless particles, but with lepton numbers +1 and -1, respectively.




English for Physics
Solutions to the Exercises 6

Exercise 6-1

1. starting,

2. to account,

3. writing,

4. to repair,

5. to meeting,

6. to use—rather than to send,

or (alternatively,) using—to sending
7. increasing

Exercise 6-2

1. supplying

2. remaining (remain X H @G 5 WESEIL ELRW)
3. developed (A VVIZTEE)

4. Having emphasized

5. Shown

Exercise 6-3 (W&f#)
1. holding,

2. The mechanical parts requiring immediate repair are listed below.

3. Hadrons differing --- groups called multiplets.

Exercise 6-4

1.

We are here interested in exploring its implications, assuming that
the same reactions take place in other systems.

Looking farther back, we (one) can imagine an endless cycle of
expansion and contraction of the universe stretching into the infinite
past.



English for Physics

Solutions to the Exercises 7 Exercise 7-3
1.to, from, 2.of, 3.to, 4.to, 5.with, 6.of

Exercise 7-1

1.in, on, Exercise 7-4
2. for (of), : ynder (in),
3. for, in, in, in,

4. for (of), by, with (to),

by, by

1

2.

3.
5.1in, 4. by, with
6.to, in(of), across, with, 5. i, in
7.0f, on, of, 6.1in, at,
8.to, over, of 7. by,
9. between, of, than 8. at,

9. with, for
Exercise 7-2
1. to (with), Exercise 7-5
2. with, 1. with respect to,
3. with, 2. In terms of,
4. at, with, 3. On the basis of,
5. from, 4. on the order of,
6. against, 5. by a factor of
7. from,
8. of,
9. to,

10. to



English for Physics
Solutions to the Exercises 8

Exercise 8-1

l.a, 2.the, 3.The, 4.a, 5.a 6.a(the), 7.the, 8.¢, 9.an,
10. ¢ (the), 11. ¢ (the), 12.The, 13.a, 14.A, 15.a, 16.the, 17.
¢

Exercise 8-2

1.The, 2.an, 3.an, 4.the, 5.the, 6.a, 7.the,

8.an, 9.¢, 10.the, 11.the, 12.the, 13.the, 14.¢, 15.as ¢,
16.an, 17. ¢, 18.the, 19.the, 20.the, 21.the, 22.¢, 23.The
Exercise 8-3

l.a, 2.the, 3.¢, 4.the, 5.the, 6.a, 7.the, 8.the, 9.¢, 10.
¢, 1l.the, 12.amr ¢, 13.¢, 14.the, 15.¢, 16.the, 17. ¢, 18.
the, 19.¢, 20.the, 21.¢

Exercise 8-4

1. the, 2.the, 3.¢, 4.the, 5. ¢, 6.the, 7.an, 8.the, 9. ¢,
10.a, 11.the, 12.the, 13.a, 14.¢, 15.aa3¢

Red marks are for special attention.

Exercise 8-5

1.The, 2.¢, 3.a, 4.¢, 5.a 6.a 7.a 8.the, 9.a 104,
11. the, 12. the, 13. ¢, 14.a, 15. ¢, 16. the, 17. the, 18. the,
19. the, 20.the, 21.a, 22.the, 23.the, 24.a, 25.¢, 26.the,
27.the, 28.the, 29.the, 30.the, 31.the, 32.¢, 33.the,
34.the, 35.a, 36.the
Exercise 8-6
From Glenn Paquette
1. an, 2.an, 3.a,the, 4.a ¢, 5. the, the,
6.the,a, 7.a, 8. the, 9. the, 10. the
11.the, 12.the, 13.¢, 14.4 15. the, ¢

14. pdata: —EHDT —H

Thedata: ZDIFTXRTHOTFT—H | LW HEKRIZ/R-TLE I,
15. The proton is mysterious. ~ &9 H DI



English for Physics
Solutions to Exercises 9

Exercise 9-1

1. on which,

2. in which (where), which, for which,
3. in which

Exercise 9-2
1. even,

2. However,
3. in which,
4. although

Exercise 9-3

o0k wnE

Cole’s law:
Thinly sliced cabbage




English for Physics
Solutions to Exercises 10

Exercise 10-1

1. Use parallel construction not only to be concise but also to be clear.

2. This effect was found by Smith and Jones and by Suzuki.

3. Both quantum mechanics and relativity introduced ideas that seemed
outlandish; yet both have made the universe more explicable and
predictable.

4. While we did not observe the expected second transition, we found
(observed) strong frequency dependence in the magnetic
susceptibility.

Exercise 10-2
1. We found that this metal melts below 400°C. Since the melting point
of aluminum is 660°C, this metal cannot be pure aluminum.

2. This voltmeter is designed for a power-line frequency of 50 Hz only.
Since the power-line frequency in Kyoto is 60 Hz, you should not

use it here.
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