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Symon (1960): Chapter 1:
Elements of Newtonian Mechanics

 Review 1-1, 1-2, 1-3, 1-6 & Quiz

1-1 Mechanics, an exact science

1-2 Kinematics, the description of motion

1-3 Dynamics. Mass and force

1-4 Newton's laws of motion

1-5 Gravitation

1-6 Units and dimensions

1-7 Some elementary problems in mechanics




Outlines

* The Research Fields of Mechanics
* Units and “Dimensional Analysis”

« Kinematic Equations (dx/dt = v,dv/dt = a)
in Different Coordinate Systems



The Research Fields of Mechanics

« Kinematics (dx/dt = v,dv/dt = a)

- B2 PJAEMFRNFRVED) » WA AR IR RENNEE

BIEH -

- FHEMAININER » TEATERREAMWZTET  BREREH
DAECEREETERZEFNNUE » BHRAR - e —TEEEERY
T WSEAN

 Statics (a study of equilibrium states or solitary waves
with d/dt = 0)
- FHE (K TFERR) 5t TEEUR) A7)
o TERRER - EIKAIRRFAEEL hydrodynamic equilibrium
Hrp» TRWEBEN) B TEH) E2TE
- EMMRMEEEDR 0 KEBEHR L —ERENFEHE -
« Bt +UBE R BEAEIFEIEZ{CMUEEISF » TEFIE

Q1: i5=EHIERER - BhAE + ugE R BEARERREZ(CRNEESRT » TETFE
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 Dynamics (a self-consistent study of macroscopic fluid motion)

- HE: E—BRFHEEES (in (X, t) space) » MU AtMAOEEIUN
O3S R B B E - B XN BB EE LN FIEEE - WA
2l Kinematics ZR¥g#II S0 iR B2 EENENEN o

- BEAXLHE dp/dt = F WEREIE - EIAES Force RS » REEHAB
Dynamics (ZE#}l&Mechanics » B&) -

« Dynamics 55 : Hydrodynamics > Atmospheric Dynamics AKm&]/]1E2,
Fluid Dynamics g 12 (AZEMBEFIOEE)
Magnetohydrodynamics ##fii2 /12 » Relativistic Dynamics tH¥}5% /15

(RREEZRBE )
» Kinetics (a self-consistent study of microscopic collective motion
& changes on heat and entropy)

« B2 MR R FAOMERZES) (in (%, 7, t) space) EADynamics 281l -
(B2 RZEIE & FBAYINEE » Dynamics R AN RIE Y » Kinetics AT
BAT » ZRRERR -

« Kinetics &5f5ll : Kinetic plasma physics & ig&) /]2

Q2: sERATER 5] (field)?



 Mechanics (a true physics)

(EFEM) 712 B A ESR Force AR » MREAE
ForceRY & #t 2 V)32 B2 B A RIEHIRIER 3T

£JE : Dynamics , Kinetics , Statics » BN LKE) - & 2=/
(#ForcefIHER) - E?& 18Y (EForcel ML 2) ~ TRIK
MUK REENRTFES - FF - HATENYIE (Physics)

Mechanics &5/l : (,\\\/iméﬁFomeﬂz} Sy R &)
Quantum Mechanics EF &

Wave Mechanics &) /] >

Statistical Mechanics #5112

Relativistic Mechanics 1B¥17% jjfﬂ (BESESBYHR) -
Fluid Mechanics B2 /12 (BIRREFIVNKE) -



Units and “Dimensional Analysis”

« 53, X2 & dimensions (EZX) B units (BEfiI) ERE -
* Adimension is a measure of a physical variable (without numerical values), while a unit is

a way to assign a number or measurement to that dimension.
For example, length is a dimension, but it is measured in units of feet (ft) or meters (m).
https://www.me.psu.edu/cimbala/Learning/General/units.htm

- JA/MEE TEZKR1 (dimensions) YR E 7 o] AEINE -
- RIEHE—BEENHER > 25LEESE > RIFNATMERELEAFE—
18R TEZRy 25HEE - (FREZHAFESER  BE1.BAX 24= - @= - R=E)
- BEBRATHERESEFEANEREZFAILE > EE=LEEMEENA
BRI EAS MERX, (dimensionless) WIER, - Eiap0ATEILM ME
KZR{E1 - 2% normalization fs—1b1 (EAB1E2EE » RBEENR) -

« —{@Edimensionless XXV HIET » BEINEMLER ARG » FIERXNEE - &
HARNEEREIRSR » RERSBHEBEE/NN T1H) 518 - UEB{EAER -
EA S RIER IR AR LR -

« —{@Edimensionless EBREXAFET, > HEBNIKPIEEIZ I LIERSZTERETE > 3RET
B Ho BER R -
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https://www.me.psu.edu/cimbala/Learning/General/units.htm

Base Dimensions in S| & in Gauss Units

* For Sl unit, there are four base dimensions
L : Length
T:Time
M : Mass
Q : Electric charge

* For Gaussian unit, there are only three base dimensions
L : Length
T:Time
M : Mass
The charge is included in the dimensions of the electric
field and the magnetic field in the Gaussian unit.



HW1. Find the dimensions of the following quantities
based on their definitions

Definitions _____|Dimensions_

Velocity

Energy

Temperature

Gravitational field
Angular momentum
Angular velocity
Torque

Rotational inertia

Electric field



Kinematic Equations in Different
Coordinate Systems

1 cawsan | oymumea | Sowonea
[x(), y(£), z()] [r(£), 6(t), 2(D)] [r(£), 8(£), ()]
M () = x(DF +y(OF +2(0)2  F(©) = r(OFO)) + z(£)2 7(t) = r(OF(O(L), (1))

' V=10, X+ v,y +v,2 U= v + vl + v,z U=, + g0 + vy

d=aX+a,)+a,z d=af+agh+a,z d=a," +agh +apd
vy (t) = x(t) vy =T v, =7
vy (t) = y(t) Vg =16 o =
v,(8) = 2(1) v, =12 vy =7sinf ¢
a,(t) = x(t) a, = —1r6? a,. = 7 — 162 — rsin2 0 2
ay(t) = y(t) ag = 210 + 16 ag = 270 + 16 — rsin 6 cos 6 2
a,(t) = #(t) a, =% agp = 27 sin 6 ¢ + 2rcosf ¢ +

rsin@ ¢ L



Definitions of Basis Vectors in Different
Coordinate Systems

Cartesian
coordinate system

Cylindrical
coordinate system

Spherical

coordinate system

R Vu,
e =
1 |Vu1|
Vy
=_=v
Vy| Y
B Vo _
I
B Vo _
~vel

=h1Vu1

. Vz -

Z_|VZ| Z

. Vz -

Z—le| Z

Vo

=10
Vo

=rsinf Vg
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Kinematic Equations in the
Cylindrical Coordinate System

Let us consider the motion of a particle in a cylindrical coordinate
system, where the basis vectors are {#, 9, Z }, where the unit vector #
and 6 will point to different direction at different 8. Thus, we have

7 =7(0), and 6 = 6(9).

Let the coordinate of a particle at time t be [r(t), 8(t), z(t)].

The position vector of the particle is ¥ = r# + zZ, which must be a
function of the particle’s coordinate [r(t), 8(t), z(t)]. The position
vector can be rewritten as

rlr(t), 6(¢), z(©)] = r(OF[O ()] + z()Z
Let # = d7/dt and 7 = d?7/dt?
The velocity of the particle is ¥ = 7 = v, + vg0 + v,2
The acceleration of the particle is a = 7= a.F+agh + a,z.
HW2. Please find d#/dt, d8/dt, (v,,vg,v,), and (a,, ag, a,).
Hint: g% and/or fXEIRYAEK di/d & df/d6 > BF chain rule 3%3K df/dt &gé/dt o



Kinematic Equations in the
Spherical Coordinate System

Let us consider the motion of a particle in a cylindrical coordinate system,
where the basis vectors are {#, 6, ¢}, where the unit vectors # and § will point
to different direction at different 8 or different ¢. Thus, we have

7 =7(6,¢),and 8 = 6(6, ¢). The unit vector ¢ will point to different direction

at different ¢. Thus, we have ¢ = (o).
Let the coordinate of a particle at time t be [r(t), 6(t), ¢p(t)].

The position vector of the particle is 7 = r#, which must be a function of the
particle’s coordinate [r(t), 6(t), ¢(t)]. The position vector can be rewritten as

Flr(6),0(t), ()] = r(O)P[0(2), ¢ ()]
Let # = d7/dt and 7 = d%7/dt>
The velocity of the particle is v = 7= v+ vg0 + Vg2

r=a,f+agh+ay2.

The acceleration of the particle is a

HW3. Please find d#/dt, d6/dt, d¢/dt, (vy, ve, vy ), and (a,, ag, ay).

Hint: SEFA%ME and/or KEEI75IER 07/060 & 07/0¢ » B chain rule 753K df/de



A R AK B
_cylindrical coordinate system _J} _spherical coordinate system _

dr ~

#(6 + A)

k #(0)

AO

(WAL E=1: DET by

DEER

ar _5

a0

8
00
6?__9A
a¢—51n )
00 00
a¢—cos )

d ~
E= —sin@ 1+ — cos @ 6

14



A “&E" A IUK B

lim
AG—-0

lim
AG—-0

y

>

(6 +06) — 7(8)

AO

A6 +A0) —6(6)

AO

U= 4ER
cylindrical coordinate system

NEME 2z + r7(0) (= S =

& Py
/&p

= &) ERATESERTL - AERERT -

/Té\ A0
X

REBA RRUERE

\i(@)

A\

df_é
do
_76‘- dé_ A
o~



A& A" rA VK BURSNMOER
spherical coordinate system
UEBE r@)f(0@), o)) (=S =7=%=¢) EERMTERFRIIL - RERBFEEIT -
5 REBA 2 rAENE
L 6.9 $ #(6,)
(0 + A6, ¢)

N>

N 0(6 + A8, P)
S > 7y (D)

/

0
---------

/
» ¢ = constant /
\ 7/
~< plane -

/
—_— = — 6 = constant
69 d rxy \\ // 16
¢ ~_ plane _~-

—_— =



LEHR 1 R 7, 0 R SEMEEY ¢ 1989

d -
[d_¢ rxy(d))] = ¢
7(0,¢) = Zcos 8 + 7, (¢) sin

a7 d _ .
0P = [d¢rxy(¢)151n9 = ¢sinf

6(0,¢) = —Zsinf + Txy (@) cos 8

a0 [d | 9= 3 eosh
6¢_[d¢rxy(¢)lcos = ¢ cos

~

d¢o A
E = ~Txy (¢)

Since

[7(6, ) sin 6 + 6(6, p) cos 0] = 7, ()
It yields )
iil_f; = —[fsin@ + écos@]

spherical coordinate system

N

VA
A

(6, )

\ cos 6 /
/

N\ 7/
¢ = constant 17
~ — -

plane



ROA 2: £, » BEIEK SEMURSE ¢ NN

spherical coordinate system |

Z

0 < 45°

& /

ar -
= D — = ¢ sinf
rt ¢
an ¢ a6
%=¢c059
Since gﬁ = %0, it yields,
dp of . 060 . . L - .
— =—XO +7TX— = ¢pXxX0sinf +7XpcosO = —7sinfO — 6 cos O

d¢ ¢ d¢
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A 2" A TUK BUMSMNMDER

cylindrical coordinate system spherical coordinate system

d
do

dg

do

6

—7

ot

56 "

6

%z—r
ot -
a¢=sin9q§
00 -
£=COSQ¢

d ~
E= —sin@ 1+ — cos @ 6
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AR BIATUK BUMSMNMDER

cylindrical coordinate
system

7 =cosf Z+sinf (cos¢p X + sing y)
#=cos@ X +sinf P 9=—sinA9 Z+cosB (cosp X+ singy)
¢ =—sinpX+cospy

6 =—sinh X+ cos § o7 .
— = —sinf Z+ cosf (cosp X +singpy) =06
ar 6 6 6 696“
— = —qi X + V = r "
do SR — =sinf (—sing X + cos¢p y) = sinb ¢
dé G
— =—cosO X —sinf y = -7 00
do %=—cos¢92—sin9 (cosp X +singp p) = —+
06 R
£=c059(—sin¢f+c05¢f’)=C059¢
b o
a6 cCoOspX —singy

—sin@ # — cos 0 8
= —sinf [cosB Z + sinf (cos¢ X + sin¢ J)]
—cosB [—sinf Z+ cosO (cosp X+ singy)]
= —cCcos¢pX —singy
d¢
d¢

= —sinf7 —cos 0 6 50



BEFE . Ao it
*IE@I . (nﬁ nina)
» CIXNE > Z2V0EMIFEULE > TLE -
- BEERE > 2O ERMmEN EARNA > #SEIHEAE
& &R TojgER) EENESE -
- ER—TESERE - BAEMRIMEERE/100
R MAEARERY A - BEREEEAEER > ERTFE
1/10000 - ERUCEEH |
- MEIRTERE - EEAUITRIE - ERAWEN LS RRE - 5
B%5E ~ SERERBIRAVIARAG R ©
- ARERABINGR  ETHRETEN MIEEE] -
« WEHYIE TR IRNGER - BEREAAHERNERL ©
 To understand is to know how to calculate. --Dirac
Questions? or Comments? BRYRESLEENS ?

>

>

>
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