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Air/Fluid Drag(maybe tested)




Cartesian Coordinate

Basic Formulas |
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Cylindrical Coordinate

Basic Formulas

V= ph, + pohy + 20,
3= (ﬁ — p<b2) Po + (pd + 2pp) iy + A,

Please review the formula derivation process
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Spherical Coordinate

Basic Formulas

F = rsin(0) cos(¢)ny + rsin(0) sin(¢)hy, + rcos(0)n,
v =, + rfng + rsin(0)ph,

(7= 162 = rsin?(6)? ) ,

- (ré + 21 — rsin(8) cos(e)cz?) Ao

+ (rsin(0)¢ + 2rsin(0)p + 2rcos(0)0¢p)ny

a

Please review the formula derivation process
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Natural Coordinate

Basic Vectors

® 7, : along the direction of v

® n, and np : perpendicular to the direction of v

Basic Formulas

—

A v

N = ——

T v

_ dh/dt

Np = A
|dh-/ dt|

b= Bk i,

V= vn-

bt Ve

a—vn gt [
T Rc n

Please review the formula derivation process
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A very old question

(B 10] HAHSMA O EXHNEREES, AEREN o, L —/NR(]F/ERK) B4
SEEF RMEER . B =0 HEADFRLTATHRS O.

1. B /NI E B85 P R R AR AR

2. AR /NP TEAE B B 20 £ A R A0 I B

3. RAEREEREH DA MEEE SRLUFERTHT4 ,
(40 i B A )

If we only pay attention to the acceleration in the system, the
guestion is very simple.
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Solution

Y v, w cwnstant

= vt
cunstant Y

']
w
9= wt AT MER SR 59

2) Urs f“—U
'U@: rj = =R %yw’ VY= Vwt
| pmem e R
VS TR o [T s

Qr= ‘r:- rj’= -vwit

09 s r@-\- Z.r\tf = 2w Q=Jarltay T VW,J 4+ w2

#H1-10-2 JI1-10-3

3.mAMI1-10-3, EEBNZ LT OP,/DFMLTF P &K, L P HELM OP i
PRBERRTNRARMAR, STEUN o° RMME ARG AR . HPEHEHAFRFEL
(P OB i RE(RK) , E5/DFMYGE(FERBMR)E P AHY . U P HEA, S5
EEHUHN r DERFEAECH FHREREFERTOUABCKBRAEARCER . BT
MR e, NFEP ANMER HSEFHARe, a0 %" f @ HENERY o, Ma, FHEMEE a
EREFRAPHRESBANE SR, 0 1 Ma HFRKEK o, Ma, HHRINEEe EERE
WROE TR, a0 RODENEE ,q, BEGIRE .
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A simple question

— B, —wS5¥FFARMNEERRREREEOS,

BEFEZEEEXRIA ER/NIIM, WE AR, 240

BEFMHIGANEBEadb s, MUAREwWIER T
&, SKINAMBEEFINEE, E=FLIRE TS
H = AR TT A
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Solution 1

w wer |~ "B v7-s-

Wk — 10O QOY B UM AR PR AR 2Oy (8 1 - 49) JU/NER M (38 3¢ 75 B K
r=0Mcos 8, y=0Msin .

=0 0=a 0=wt+a.
4 OM=2Rcos 0,
&t 1x=2Rcos’ (wt+a) » y=Rsin 2(wt+a).

R AT A v=%&+ = —2Rwsin2(ewt-+a) Ji-+[2Rwcos 2wt +a) .

M [ B Y1 T ).
PR — W TG/ NER M A4 o BE

2 2
c(lh, i dtzj=[—4szcos 2(wt+a) Ji+ [ —4Rw’ sin’ (wt+a) 1J.

i I AT RN BE () KN A 4R’ » 7 16 4 [ [ .
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Solution2

fREZ LA O WA x AR R S - T AR AL A% 2R (B 1-50) , M /NBR )12 B 2 7 R
r=2Rcos(wt+a) ;0=wt+a.

IR M ()58 BE \

» =%r° K %m —[—2Ruwsin(at+2) 1P +[ru]f

=[—2Rwsin(wt+a) Jr’ + [ 2Rwcos(wt+a) 16°.
AT R BE ) K/ R 2Rw, v 5 0° MR (wt+a), B v
IEFE M S Y& 5 9.
NEMBMBELES a =[%1'z':+r(%f)z]"’+l:rg§+2 3—::—?]& B 1-50
=[—4rw’cos(wt+a)]_r° +[—4Rw’ cos(wt+a) 16 ,
St I E (R A/ ARG o 3E77 48 1 . A
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Solution 3

MRE=Z R ARELRR, RHE A KT AR AR ) il
SR BAIE B 5 18) g FEIE T 1) (P 1 - 510, U/NER M ()i 3l 75
s=AM=R(20) =2R (wt+a).
T AT SR AF /N M () T 0 e

v=%t£1'o=2tho ’

M 1-51

_ds o v 4R o_up. 2.0
a—dtzt"+pn°— R " 4Rw'n",

0210
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An interesting question

28 1 —im [E € T A EAMNE £, EEEFR
JEER, BFESERIEKE ( jﬁ“ﬁ() 28 1Y B FH i 2R
E&—NEK, ﬁﬂ@%’ﬁ H ulE——&ﬁﬁizn ,
oK

(1) &z 0iERN, B8FXEEEERERT L, BiF

& EAJEERYE

(2) /NERBYINRE B 1-62
(3) /NEKBYIZENENIE
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Solution

L RS S D PN ST E TEURE LR R T T 3
A ONEE 00 AR 2 4 4 I N5l QI 1 - 63 AR RR Y B R S
16 14 A O B 0 02N . 1M gt 240 o 91 A2 0 /)N 2R AR My 00 /) 2R 09 e 1 E

AN AR 7 o A . 5f
QAR IR AL 0= L s AR 151 9 20 0
Aty A, M)
=B o -, Mi-6
o Oy =SB 2 0,
o L =

L n(n—1)
: o g (A0 ek EA TR
ﬁu =4 TAL o, = o 2r

BB MK 88 - 2w DODULIE 30, 1051 S oy T ZAZCZEED) ey

iy ik A A 9-;‘;m o Ja— AR, TOR 5 T U A i L A 09 BT 2Ky 0 ) )

(2) SN &Y o, SRR E AT A9 I i T8 (e dod i
), AR AR AT X (1+dD) , ANIE 1 - 64 PR, QBT

&N r BLMERE v KAFREH

dl _ vdt

dp-—-;'='l—.

[ dl= rude,
BUr B AT R e=0 8§ 1=0,48 [~ VZrut.

Mi1-64

du| _d!

i i
dv| _ wdl
M AN at%-;&-

d!

A% '&;- ;_‘:n
-
M.tﬁoﬂlﬂ a ‘/2'_‘_

a B 77 131 16 S AR A B 0 Y1) . AR I @ G L/ 2R R [ ) 55 B 1 o ) B 1
(3) M 1 - 65, HUF I A M A7 R 2Oy, e=0 i INREYF (r,0) , MIBEAG =0, 1 £F AT

LRTFSRICH LERS O MM Y p= /7 +0.

3% dep=

a8 pn‘/z;‘?-\‘-c.

B 3 £=0 B8 =0, HBUMIK =0, 18 =y 2.
B % 1=rg, BTl p= I+ =r V1T

R x,y SR H
coaa=—r—=——!_'
{.r=pcosﬂ=poos(p—a)=p(cos¢cosa+sin¢ina). P Vitg
y=Isin 0= psin(g—a) =p(sin gcosa— cos gsina) , it e
e VI
="( + i .
m [FEHCOSTTENO g kit A

y=r{sing— @oos p)
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Second Part: Force and Inertial Frame of Reference

Interaction between two objects or an object and the environment.

Inertial Frame of Reference

In a inertial frame of reference, if the net force on a particle is zero, then
its acceleration is zero.

® A particle acted upon by zero net force moves with constant velocity.

® |n an inertial frame of reference, acceleration of a particle is directly
proportional to the net force acting upon it, and inversely proportional
to its mass.

® The mutual forces of action and reaction between two bodies are
equal in magnitude and opposite in direction. J:
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Example Question

[(M18] Am2-18-1,%8B% R A B 4% 5 K - | 47, 4538 ‘
? y = ﬂﬁnp'b‘ O mgﬁﬂuﬁﬂ
o S8k . 318 A RAL B B FAH ST (B 2% 07K P4 % vo RET ¥, BiR RER AB 1

AR B. RFMBETAF RS R HRST A8 v 18 8 0 % ik B, +
’ !ﬁgﬁmj}ﬁ]‘
W AT R AT B o B AR MR R, T A0 o .

This question is very similar to last year’s midterm

Please solve it in two methods:
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Solution

M EA R —RBRETAZANRALH I HE,E
HBHERR W F MAGE . v H R ok 32 Bh 2 A8 NG
B A ARACRHEM hm . 5 REBTHRMZIRA, HEA
Wi B S PGE , (8B TILE 7 B8 B F MaE sl 4
(W] Fit— REKNEYE WAHE2-18-2, REMLH
Oxye JER O FEBA PO, 2y FENEW, - HEHLFHE AR
B HRMARAMA( - ROM(R,0). BTFHRIME vy 5 = B
KBRO. TR HTEHR

mr=-2maXv 112181
APy RYWREy FEANMK, v BFNHAN TFH&MNHAE .
EFREEMEIRRSD, ¥
r=(z,y,0)
@={(0,0,w)
v=(z,y,0)
RAF AR, SRARER, B
‘}‘-‘2«&
y=—2wr
B
dr =2wdy 4
R d==2uds '(o.-./(%";)'-m
{i‘L‘Zwy*Cl
y=~2ur+C; HH82-18-2

VHFEER, Y z=-R,y=08t,

r=uvgeos 8, = wvgsinf

RS TRR
Cy = vgcos 8
ng vosinﬂ—ZwR
A8
I =2y + vyeos 0
{'\-’—— = 2w + vpsin / - 2w R
= —2w(z+R)+ vysind
L]
dx _ Zuytypoos §
dy  =2w(r+R)+ vgsiné
Ep

[ —2w(z+R)+ vysin 81dz = (2wy + vgcos 0)dy
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RS SR TER
~w(z+ R+ (wysin 0)x=wy* + (vpcos )y +C

SOI UtiOn Bz — Roy=0 BYEEA E0) &, KB ERY

C= - pgRsin @
fLASEA R, &
-~ w(z+ R)?+ (wgsin )= wy* + (vgoos 8) vy — voRsin 8§
KRG,
. )’+( o )’__25.
z+R 2wsmﬂ ¥ 2«;“0 BT
RRE-TENSHE .
RBTETFHELETHE B, EREOAESL B A B A% IRs=R,y=04CA. 7
. a 2wR
sin @ = e
BrEA, B TREGPEIFE B A S, RUSFROFUMEN
0=msin(m)
L7
TR A BN

H :__'uj_
"*[ﬁ\/ () -&!] =t
BRBLHF o, - (&) R =M . AE 2182 5
k= . EHERELY
F.=2mv*®
HHEBRY v W, B F A AT E AN F RS R EEE, F, 8O0 FRNRL
7 RN A

2movgw =m ?’-b
RN
_ Yo
" 3w
REM SR AN B A LAWEILM R
R=rsinf
Bp
. 9:5 _2wR
sin Z Ty LISpE 5]
MAE2-18 -2 P WX R ARG HEONLIEY 2= [w (_v_o) 'R’T‘f‘ﬁi
z=0 ’ 2w o
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Third Part: Motion with Air/Fluid Drag

This part may not be tested, only for fun

Where:
@ Re represents the Reynolds number,
® p denotes the density of the fluid,

© v represents the velocity of the fluid relative to the object or within a
conduit,

O L represents a characteristic length or characteristic linear dimension
of the object or conduit, and

@ . represents the dynamic viscosity of the fluid.
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Stoke drag force(linear)

Applicable in the low Reynolds number regime, where the fluid flow is slow
or the object’s size is small compared to the mean free path of the fluid
molecules.

F=—kv
k= 6mrnR
Where:
@ F is the Stoke drag force,

® 1 is the dynamic viscosity of the fluid,
© ris the radius of the object,
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Quadratic drag

F=—H=
v
Di— ! C4A

@ F is the quadratic drag force,
@® p is the density of the fluid,
© (4 is the drag coefficient that depends on the object’s shape,

® A is the reference area (area of the object perpendicular to the flow),
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