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EF—F NFEMHRANEF
Chapter 1 Mechanics & Thermodynamics

Mechanics is the science that studies the general laws of mechanical motions of bodies. Mechanical
motion refers to that relative positions of bodies in space change with time. Mechanics is of great use for
the design and analysis of many types of structural or mechanical devices encountered in engineering.
Also,mechanics forms the foundation of many engineering disciplines. Mechanics is commonly divided
into three areas:statics, kinematics,and kinetics. Statics deals with the condition of equilibrium of bodies
that are acted on by forces. Kinematics is the study of the geometry of motion. It 1s not concerned with
the causes of motion. In kinetics,we study the relationships between the [orces acting on the body and the
resulting motion. The knowledge obtained in statics can be applied directly to kinetics, mechanics of
materials,and many fields of engineering.

F12%E R R PR IT AR LGS 3 i B A . UARGZ 3 2 48 Y 44 Bif B ] 28 1k £ %5 (8] i A X007 B A A8
tbo NFEBT MM ELRPBRMFLLUNEMIIM R & ERBRAEHG. ME, HERFEL T
BERNEREM . DFEFES I AR B AF BHFEN N, BAO¥BREROREERETH
YA R JRBL . S AERATEIHRILME ., ERWREHMEE. s hERRERTYERG D MH
W B Z X R, RSB NFMIRT EER T A% MR FREMAFS R0 TREM.

B FAZY
Section 1 Particle Kinematics

A4 fundamental units & vector

2% % reference frame i track

iZ 3% kinematics fn#EE  acceleration

Jfi & particle i average acceleration
X relativity of motion BEBT N BF  instantaneous acceleration
H¥R%&  coordinate system A1z 3 uniformly acceleration motion
W+ JL Descartes Shn H 425 uniformly acceleration rectilinear
M bREl  axis motion

#AE  ground ¥R %< initial condition

> geocentric FEAIHE  acceleration of gravity

H.» heliocentric F HpE% X freefall motion

{i% position vector 4Kz 5 motion of projectile

%% radius vector P4k parabola

{i% displacement fAEE  angular velocity

HE  velocity fAMEE  angular acceleration

R average velocity VIm L B  tangential acceleration
PR instantaneous velocity [ NN centripetal acceleration

HHE  speed W in#E  normal acceleration
ZHRE  function of motion MXtiEsh  relative motion

BEE Whether an object is moving or not depends on its reference frame.
YVRRBZEHEMAT TS ERMEM.
The displacement of a particle is defined as its change in position in some time interval.

JBt 3 3L 7% 2 4 1E — B [ P 0 B A OB
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B The average speed of a particle, a scalar quantity, is defined as the total distance traveled divided by
the total time interval required to travel that distance.
JBT A5 2 R — AR B E S AT B Y B B R DR IR BE B BT & T (e 1] .

E¥ The average acceleration of a particle is defined as the change in velocity divided by the time interval
during which that change occurs.
JB B - 349 0 S RE S S Ay B Y R A A B DA R A T AR A B e ] [ B

l¥ The average velocity of a particle is defined as the particle’s displacement divided by the time interval
during which that displacement occurs.
JI R30S 349 3 BE 4 GE SR AL AR BR A R AR X BV AR T 2 I i 1)

3 The motion of projectile is one kind of very important common movement form.

ikEH R —ME WIEE EEWEHE.
TP =Zm5D
Section 2 Movement and Force

P inertia FEEEE Z B coefficient of static {riction
WPEZ% % inertial reference frame K HE  terminal speed !
71 force EKHEHKHEE  coefficient of surface tension
4 HEENEH  Newton’s laws of motion 5|1/ A5|H  gravitational force
B F R inertial mass 5| 1% & gravitational constant

441 resultant force 5|1 gravitational mass

%7 net force 5| f1F graviton

JTHZEJRIE  superposition principle of forces H L /1 electromagnetic force

HAH  fundamental quantities 58 7] strong force

S 4 derived quantities {4,717  color force

H4 dimension B+ gluon

BB/ M jerk 557  weak force

#H S gravity hE B 4 F intermediate boson

2 7 elastic force #5551 electroweak force
WEEAS/XFSH  normal force HE#HEFR Kepler’s laws

WIFER Hooke’s law JEH AR non-inertial frame

Z¥  coefficient Bt S inertial force

BEHE S frictional force HEPL S fictitious force

WohBEH#E  sliding friction R PE  equivalence principle
FaPEEHE  static friction BP0 1 inertial centrifugal force
BEHEZ B coefficient of friction YW tide

®E Inertia scalars are defined in terms of quantities called inertia vectors,
FRATTHRe AR Ok R R A A .
We can define force as that which causes a change in motion of an object.
RO LUE X A REY K Egh RA BB .
B A particle will stay at rest or continue at a constant velocity, unless acted upon by an external
unbalanced force. This is Newton’s First Law of Motions.
— Yk SRR EERE I RES T IERE E?‘JE?“F&B’J&UJ AT SR XFORS . X
s — e .
When viewed from an inertial reference frame, the acceleration of an object is directly proportional to the net
force acting on it and inversely proportional to its mass. This is Newton’s Second Law of Motions.

TE—RHES % 2 o, W44 6 s B BR 400 44 B 32 B T O ARIE LE , BR (A 1) BBk R R L o 530 A R A
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BER.

Frictional forces may also act when there is no relative motion.
LM Z B R EST v LI B R91ER .

X The result reveals the secrets of universal gravitation is produced and the equivalent principle is
proved.

X—SRWIT T AT SRR GEM T SRR,
FE=EN DDEIOAIE
Section 3 Momentum & Angular Momentum

ffils  center of mass Jii g Z  system of particles -
i impulse sHESFEER

ZhHE  momentum ) law of conservation of momentum

#HE¥Y: momentum method i 32 B 5 PR

ZhH K /X momentum representation theorem of the motion of center of mass
R equation of momentum JRrB % & center of mass reference system
4 4fi  momentum spectrum O3 barycentric momentum

A  momentum interaction fizh& angular momentum

S  loss of momentum 7  rotor angular momentum

o B PR B momentum wave function HIEfizh&E spin angular momentum
FHEAREM micronstability fishEEF  theorem of angular momentum
ZHEE momentum survey fish&EsrfEE M  law of conservation of angular
1% % momentum transfer momentum

HEEM  theorem of momentum HEEE  areal velocity

M1 impulse force o BLFHLY) aparticle scattering

441 external force Xt [E E S B about a fixed point

In an undisturbed inertial motion, the angular momentum is constant.
xR BEEs b, Az EEEEN.

B The velocity of the center of mass is constant in the absence of external forces.
TETHN B, BO BB B RN A

B A falling object gains momentum as it falls.
kT K&,

Statical equilibrium means that both forces and moments are in balance.
A OF M VR E 1R s R AL TR

3 This is the well-known principle of conservation of momentum.
KRR A MBS B EER.

3 If the impulse is zero, there is no change in momentum.

R MR

FWY  ZHFaKE
Section 4 Work & Energy

;. work HiEZIEE  orbital kinetic energy
£ F14r  linear integration MV EHM Konig theorem
{#5F 4  conservative force # /1/5| /1 gravitational
dE44+5F 71 non-conservative force e elasticity

HiEEH  theorem of kinetic energy HAHM/5| 1#)  gravitational
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#H /¥ fE gravitational potential energy SE2dE#E  perfect inelastic
?ﬁﬂz'ﬁﬁﬁ elastic potential energy SN sling effect
#HEZ & zero-point of potential energy ik fluid
#HEHZE potential energy curve FEAEFAA  ideal fluid
Pl EE mechanical energy A 45 incompressibility
YL fESF1E SEE  law of conservation of mechanical TLE WY non-viscous

energy EWB) steady flow
£F &% conservative system 4k stream line
HHZES closed system HLEH TR equation of continuity
Pk EFE  escape velocity ’ A% F77#  Bernoulli equation
75 [ #1511 space homogeneity YRR #EI  Venturi flowmeter
%3 6] F @ X FR  space inversion symmetry Wi X474} sailing against wind
Hf$ collision

EE In most machines friction consumes effort, with the result that less work is got out than that is put
in.

TERZBALEE B W FE T, ABGE AU DI E /N FHRAMI.

3 Forces with the property that is independent ¢f the path are called conservative force.
A5 B4R 0 2 X A —Fh o BB 0 ABUBR SF

EX Potential energy is convertible to kinetic energy.
BEEN H AL A B AR .

EH An electric motor turns electrical energy into mechanical energy.
A, B LT e BB 5 e AR DL AR B .

R For the pressure to become zero, molecular bombardment must cease.
N R TER, O F RS IE .,

E3d How does the slingshot effect work to change the orbit of a spacecraft?
K 75 fi 0 o] A PR3 5 0 " s R B 7

Steady flow means that the way in which the fluid moves does not change with time.

Fe SE Ui 3l i T8 R 158 LA DA 3l bR 25 A B e [ T AR A

FARY RRBREHHED
Section 5 Rigid Body Rotation

R4k rigid body B rotary damping
WI{AFF translation of rigid body fH# ¥ 3 constant revolution
Wil{&zh 1%  dynamics of rigid bodies H:#th ) for rotation

WM& F1%:  geostatics EMIA  about a fixed axis
FI4&iZ3h  rigid motion Ri{k# s & solid moment of inertia
J1%E  torque H:ZhHtE  moment of inertia

A N resultant moment W EEE rotational kinetic energy
AR rotation period B S A inertial navigation
¥4k rotor [ % {¢ gyroscope

i F  dwang 518 mirror

54T  rotational impedance BFE A of time

8 The dynamics of rigid bodies is a fascinating and complicated subject.

RiIAZh J1% R — N FEAT IR
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EZ Often translation and rotation occur simultaneously, as in the case of a rolling drum.
SR ME D@ A R e R A fln, B R R .

EE Also useful for rotational kinetic energy demonstrations.
WA RS s RER LR .

EE The principle of equivalence is of critical importance in our analysis of inertial navigation.
FRUF BT RER B,

¥ Symmetry operations are geometrically defined ways of exchanging equivalent parts of a molecule.
X FRIERVELE LA L E OB F SN m .

% The moment of inertia is not a simple concept.
BB EAR -,

E£ Time reversal invariance is a very useful symmetry in subatomic physics.
e [ 2 R AR Ve 7E W IR F 0 3 P AR B —FR AR R XS AR .

EE The laws of physics are symmetrical for translational displacements.

Yy 3 E A B R X FREY .
FEH R
Section 6 Vibration
#&3h vibration BHE#& 3 damped vibration
#EIE amplitude BHJE Z%( damping coefficient
A period i [a] % B time constant
M EP:  phasor diagram method fn B quality factor
#EiEA R amplitude vector KB1JE underdamping
# phase I A BLJE  critical damping
2% phase difference Zii¥Rz) forced vibration
[[14 #1  restoring force 3t#E resonance
1% 7% kinetic equation W IR velocity resonance
[E4 fi %% natural angular frequency {i#3t4& displacement resonance
[A4 F#8 natural period 3  beat
¥R+ spring oscillator A4 beat frequency
¥4 simple pendulum &P  harmonic vibration analysis
fifi# angular displacement {87 M4 #7  Fourier analysis
SE#i{i ¥ equilibrium position ¥R 3N  fundamental frequency vibration
BaEF#{IH stable equilibrium position 4 fundamental {requency
HEFHPE ST quast-elastic force #4  harmonic frequency
9R B strength A% frequency spectrum
XM JE AH#E3) undamped free vibration

EE Vibration is a special type of movement. That is a very common phenomenon.
PR B — AR Z s IE 0, R —FhAE R R A .
EZ Damping wakes possible {inite steady-state vibration amplitude at resonance.
SR AT, BHLJE 7T Al PR ) AR E IR sh WO iR R .
[E¥ The phase difference between the two sources is gradually drifting with time.
P A TR 9 0 40 22 Fifi A (8] 22 A A% 50 .
IEE The paper discusses the law of the damping-without-drive simple pendulum motion through phase-
graph method.
ASCHMBEESPTIS T A LB X3 3h I M iE SRR
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5 We shall refer to this force as the driving force on the particle.

Fe AT XA S MAAE R R T B R T

T KR
Section 7 Wave

5 wave
T travelling wave
ikt pulse

Bk pulse wave

i transverse wave

Yhi%  longitudinal wave

%% simple harmonic wave

fAj %1z 3 simple harmonic motion
B4  shear

P eR¥  wave function

HIE 2k wave form curve

¥ wave number

[AlA1 T equi-phase surface

T wave surface

W4 wave trough

A7 wave front

W2k  wave line

SE-T fATi% 3% plane simple harmonic wave

ERME % spherical wave
HEHFEH  Huygens principle
REHER  reflection law
HHBNEM  superposition principle of wave
M wave antinode

#AY  wave node

MBKAE  phase jump

AAEHIHE  eigenfrequency

fa IEAX  normal mode

F#  pitch :

F {4,  musical quality

WA P infrasonic wave
HA P supersonic wave

7 [ sound pressure

A% sound level

HAP  gravity wave

Z YA Doppler effect
%4 Mach cone

HPEPRE  elasticity limit i shock wave

HMAEZ AR elasticity deformation iy bow wave

N J1 stress YI#EFR KRS Cherenkov radiation

N AF  strain @i/ i dispersion medium

hERE coefficient of stiffness JRSL P solitary wave

ISR intensity of wave

¥ Light is assumed to be a wave phenomenon.
Bt E—FEH MR,

¥ The wave function is time-independent mixture of covalent and ionic functions.
B oA B — AN 5 B ] 56 9 A R B B T R B IR A A

E¥ Light reflection, refraction law, refraction imaging, imaging lenses, optical interference, diffraction,

and so on.
e R G TS I B R BB AR e T AT A SR
¥ Linearly polarized light will in consequence become elliptically polarized on total reflection.
PRI, 2 O R 06 28 4 S VK AR 1A T 4 4R O
B3 The focus of the lecture is simple harmonic motion.
YR E SRR EZEE .
B3 There is no finite velocity of propagation, and we call it a standing wave.
WA A PR B AL R N RRATAR Z 3.
. Bi# The disturbance is a sound wave, conforming to the laws of acoustic propagation in solids.
33 Pl R B S — b R L B B 7 A A b B A R AR
# Again we call the {aster wave the longitudinal and the slower wave the shear shock wave.

Fho AT 2 4T A e o e o A o ot B8 T S A 0 ) T8 T DY ) e et B
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EH The principle of superposition is the basis of the wave theory of light.

L= YI\WEBLPED b R 0B S i

TN XA iT
Section 8 Special Theory of Relativity
K W48 length contraction

B 25 AL 4R space-time coordinates

A A X JRFE Newton’ principle of relativity
F12EAXTE R HE  relativity principle of mechanics
#i X% (6] absolute space

#i ¥t [a]  absolute time

i F| i AL 4R A e Galileo coordinate transformation
{IF| i 4 B A8 4 Galileo velocity transformation
P&  inertial reference frame

FEAZEFEH  principle of constancy of light speed
W LAXTIE  special relativity

X AAXTE  general relativity

[Al o Pk A X of simultaneity

[ A B proper time

i [E] ZELE  time dilation

##  rest length

A KB proper length

mechanics.

B EB R time
AR XS 1 X Rt

sequence

relativistic symmetry

FAXH IS B A # relativistic transformation of

velocity

M FE  relativistic mass

ﬁ filt rest mass

XT3N HE  relativistic kinetic energy
HATiE e relativistic energy

FrfE  rest energy

iS5 mass defect

MM thermonuclear reaction
F{4F neutron

A fE available energy

X UL T HUAR BE ¥ 18 B R AR IR 2 A TR
#3% Among the indiscernible are absolute space, time and directions.
ANEZE S ARINR RS Y oA 4 X /Y 25 18] 18] 7 )

§:7 Intervals can be either real or imaginary in the theory of relativity.

TEARXT I (8] B ) LR SE 80 doml LR e %K.

¥ The special theory of relativity has raised a host of questions.

W AR R4 B T 2 (] AL

iE 1t is explained that the law of conservation of mechanical energy obeys relativity principle of

% Objects in a gravitational field experience a slowing down of time, which is called time dilation.

WIARAE— RIS 1 35 2 7 B4 0 18] vl A%, nd At e B K

&% A nuclear fusion is a thermonuclear reaction.

% B e — R A%

BN RBREFOERIIDHILIC
Section & Temperature & Kinetic Theory of Gases

Rt  thermometer
RUEIRA standard state
#&45 temperature scale

M A1 %4 thermodynamic system

AhFt surroundings

FEWARA macroscopic state

HAF#  dynamic equilibrium

WOWARA  microscopic state

it M4 statistical idea

“iit FH#{H statistical mean value

W temperature

HAFEEETER  zeroth law of thermodynamics

#HIIK  Celsius

=AHAEE  triple point
#i Xt br  absolute temperature scale

I = ER
A SRS T7

il g R

third law of thermodynamics
#£ equation of state of ideal gas

universal gas constant
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Bl {RAMAE 2 ¥ Avogadro number
HE S EA X
il 45 4%, T
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B/ K macroscopic small and microscopic
large
T shsh e
BHFEHE quantum zero degree
EH#H B degree of freedom
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M HE internal energy
F B ER N2 Maxwell speed distribution
curve
T4 A0 R R
H—4k %514 normalizing condition
HIR%E 2 HF Boltzmann factor

isothermal barometric formula
collision cross-section

statistical hypothesis

average translational kinetic energy

equipartition theorem

speed distribution function

FRM B EEDMEE Maxwell speed distribution

function
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I He5®  critical pressure
It 5 BE IR A4 AR
I 55 &
W45 ¥  nucleus of condensation
=% cloud chamber

saturated vapor
saturated vapor pressure
critical temperature
critical isotherm

critical point

critical molar volume

critical parameter

{"4b#  vaporization nucleus
F#HHAIK  superheated liquid
S #Z%E bubble chamber
P EEHE  internal friction

B8 Inverse dynamics of thermodynamic system is a new research field.
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EH The dynamic equilibrium is the idealized state.
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2l This quantity is called the universal gas constant.
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Section 10 First Law of Thermodynamics

#4& 3 thermal transmission

AL Z B heat transfer coefficient

# it heat

WAL —EH  first law of thermodynamics
HEFr AL quasi-static process

R S
WRAR  quantity of state

SRR ZR  process curve
AL #  heat of vaporization
MZ . heat capacity ratio

B2 /R 7 molar heat capacity
JAEB/A ., Mayer formula
H# . specific heat ratio
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equilibrium state

adiabatic equation
adiabatic invariance
adiabatic law
adiabatic engine

adiabatic equation

# T YE adiabatic operation

HPT[ Wit 2 adiabatic reversible process
“i Pt 4s  adiabatic shrinking

#a PR adiabatic temperature

#i K45  adiabatic compression

f#£H Joule, J.P

EH L cyclic process

F{&EH positive cycle
WifEHA  inverse cycle
#E  heat reservoir

45 compression ratio
3R Carnot cycle

ki EM Carnot theorem

H¥HL  refrigerator

W PER  refrigeration cycle

WL RB refrigeration coefficient

#FE  heat pump

fEE The idea that energy is conserved is the first law of thermodynamics.
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[EE For any irreversible process, the efficiency is less than that of the Carnot cycle.
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Section 11 Second Law of Thermodynamics

A FES R second law of thermodynamics HRMIER  equi-temperature heat conduction

An[ i W irreversible reaction A reversible process

A it irreversible process T AHL  reversible engine

A Wi H 24 irreversible control system Zt R isentropic process

AW F12%  irreversible thermodynamics #i P F#E  adiabatic process

AP A4 irreversible transition M MIE A adiabatic saturation temperature

AR Wi fEIA  irreversible cycle 46 PhBE  adiabatic wall

A0 ¥ 45 irreversible compression i F{hE R adiabatic process of change

J7 st directionality PP  adiabatic expansion

Y L directionality divergence 45 PhOSF-45  adiabatic equilibrium

Tt &% directivity factor “ A2k adiabatic curve

PP HL  single heat source engine #i R Z ¥ adiabatic coefficient

A HE  thermodynamic probability # g #  adiabatic efficiency

244 isentropy #aph 7k %  adiabatic evaporation

{4 partial entropy “4a P4k adiabat

IR principle of entropy increase I AN4E 4R saturation adiabat

7% fluctuation Al i LR irreversible adiabatic

BEE The second law of thermodynamics states that thermal transfer occurs in the direction of decreasing
temperature.
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EZX The laws of thermodynamics involve a concept called entropy for irreversible thermodynamic
processes.
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EEE Grasp the entropy increase principle of isolated systems and its application in encrgy- losses
calculation.
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EZ In an adiabatic process no heat is allowed to enter or leave the system.
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Every science has a unique vocabulary associated with it, and thermodynamics is no exception.
Precise definition of basic concepts forms a sound foundation for the development of a science and
prevents possible misunderstandings. We start this chapter with an overview of thermodynamics and
the unit systems,and continue with a discussion of some basic concepts such as system, state, state
postulate, equilibrium, process, energy, and various forms of energy. We also discuss temperature
and temperature scales. We then present pressure, which is the force exceeded by a fluid per unit area
and discuss absolute and gage pressures, the variation of pressure with depth, and pressure
measurement devices,such as manometers and barometers, Careful study of these concepts is essential
for a good understanding of the topics in the following chapters. Finally, we present an intuitive
systematic problem-solving technique that can be used as a model in solving engineering problems.
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