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2
muv

Fgrm' == =0 {:l“”

FF St oF I FH 1 2K THF A @R
FIFF B -3 P& (conclusion) GF:
mu*

R

g ertas faeee sietm |

-Fgrm' =

Jreq O &79fore 5e7yI Observer-47
N STTaT 7 7 T v 47 JTGT G A7
Z¥ R ©1207 92 non-inertial observer I
@ (@N ©F m-9F &7 ©IF
G35 pseudo force TITE T FIT "'”'!'YZ.J'FIR
, JF 7% P4 I79T 972 FHEAT (AT
JFE s @3 T @
23 centrifugal force, I W%@ P

v g e

non inertial frame-& YA oRCTwCRA
(Rotating observer) &«J |

G TN A G0
rotating platform, merry-go-round-& 9T
qNATER @GN A, AR
(ISR AT 91 microwave oven-¢ (IR
2t | PlatformfGa gefaRel
(rotational speed) w I (NAE  axis (OF) -
B vertical axis (Fig.8) 1 «<F&« NITS

A RITSTR =t platform-9gq 3T,
S B platform-gd 8o/ (R (ACH r
g G AT ACCZ platform-aF 82|
N ©F m, O FAGE (T (ACE r @R
AT 8 platform-43 NCYJ JCECR friction
(e F=1) |

At

Figure 8

Observer A (inertial): (3T (W2 A0
WW‘{@WI ©I2 AN Speed
(@S) v = wir G932 2AI2=M r W@M
T 93 constant speed-¢ BEICR | SToEq
O QA9 J0ed (@rwd ew, [P 19T,
a3z o W /T = W | qane afge
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34 (External force) (&? ©F ¥ Friction 7 |
B GERRESE 4 @3 Observer foT2rd
g3,

f, =mw*r (15)

Observer B (Rotating, non-inertial): B 951C<
{126 =% | External Force qCACE -friction,
e @FUEAVE M@ (Eq. (15) ¢¥) | @7

AF Gerd Pseudo force €2 (@
2/ ) -
Centrifugal force MU /T = MW™T ey

A | 7 FNEB e @ o,
4
fr — mwir =0 (16)

a2 Tex &g IS (argument) T

ST |

A s
A

Figure 9

gIF 440 TS friction (J2 1 Rotating
platform-% s wer facw Rfdcy g1

JICT | AT ACH Ol (FI T #9901
{{C@lplatformmﬁﬂiwmw

v g e

Fig. 9-4 (AT =71 QAT x, v, z 9% W
4l coordinate system Sl 2| Platform-
5 2=0 & (plane)-« S_FS | IR platform-
5 x-y T A0 | (@ TZS T 6 2o 04
Observer B-&3 position (r, 0) €3 AT
position (0, r) [x-y ©CT &I W co-
ordinate 2 (x, y)]

Observer A: BT AR &g “IE

GFEIN M =R S T (FI

& 99 (72, OF (I G79-8 (F31 B @
1 BT AT AN 7 ATBFCNR I
YA G2 AIAEE 0 i@l <A T/ 20w
I (m GIR B-93F W«J @O 7

(angular distance) 7.1'“-2, T5] SIfoFy FCo
AR AN T/ 2w )

Observer B: f{ted 5IfS @™0F TAT 2 B-
A1 T M AT QT O A Il

<R /2w oty o e e 2@

@D & I 72 | (B0 AROFPIIA external
force AN @7 (§21 B non inertial
observer (rotating) - (7 NYCAF 87 pseudo
force 4T3 | (T pseudo force-«F FY NI
fit2ife (751 2T centrifugal force | qred e
HETI AL G G2 Je] AT Ik
A € OF T mw’r | (SFE AECO

fereeeT,

(Vector notations)-«

F centrifugal = mw'r = mw"‘[:c% + ’y_}] (17;

el sffasr (38 ) TEIIZ 2050 A=A



(ST O (S8 AMCS (BT e (o7
R )

i @A), x G2 y-S7F AT GFF (S5 (unit
vectors) | 12 I (ST 1B (ITeT JG (A
I B (TR, 21 o1 9ea B3 facas =i
71 @9 e Y[“,TI?I‘I[W /qa TS (Rotating
observer) centrifugal force RGNS JICANS
T 97 (pseudo force) (XTI | G2 I ZCO
(< tangential direction-&g— F3(eT 219 B'A
frte wPTe ARt W W2 CoRE g
tangential 9% 9G4 F01F S IARET-8 O
(4 | e 929 o0 w=0 TE AFCS A
TIOR3 w-9F FANFHAIREF | S
TAIRAS (AT (AR (X9 A4 *7 O34T 93
oo Xy | weelw Ty SfiE 39 57 fee
4T G2 I9 %4 711 centrifugal force-43
&« radial velocity (ol TE O 93
tangential force-f6 St | w (2-39199)

centrifugal force

mwr

V=T
Figure 10

@I v vector-g3 @97 TS e €2 FE-5ICF
©lel @ATO At m(v x w) [ORCET clockwise
tangential component 90  E9R
dimension f=td [ﬁrg' coefficient-9 @&
AT GF6 FRAT PACS A | Aforieaa

v g e

R0 el 3 F@(5a 9% et @2 7=a 73
ST @ A @fsicaf 75T fFRBT intuitive |
2 @F , 92 AWl 407 GUTe coefficient-
Bre @0 S| 941 TS coefficient-T q,
©l2 FEBICE @14 26 m a(vx w) | GO

AGFE B & M@ ? o @wS B (T4
A=l o face @fic =sTee TR
qred #ff< €T3 (along a circle of radius r) |

IR HREHE B I AT @ w’r
TR ANAC ST T v = wr | TS
M QAT LR w-97 &1 93 g7l
@FERYE M@ | B 947 7S Sie AT
899 centrifugal force SIC2 mw?r I3
Wlﬂ@(ﬂ force-oa 21 2052 (IGITE =0o
203 SO mﬁw fAts - cross product
rule-49 AR AER @RI 0

vxw@Hd e o @Rrifoyd 3@

(force towards the center) am (vxw) =
amw’r 43 TGS <) force away from
the center) mw’r | fNEGT= fadr 7@ f2eica
B amw’r - mw’r = ©F x Q9 =
mw?r, Wﬁaﬁﬂﬂ?ﬂﬂﬁﬁi, o=2|

Rotating frame of reference-9 (¥ 4% WA
pseudo force-BI “NS: (5, ©F
AW et 9= (Coriolis force),

Ft'ormhs = 2mv X w (13:]

e “fasr (39 ) TR 050 AN



T‘lﬂ'ﬂw HEHS w constant (&#9) = a3
Eﬁ‘ pseudo force MTA (centrifugal +
coriolis) | IM w IR O G0 \T@ff
pseudo force (oI T W2 SWIHA
TWIRALCE 23 FF B Newton’s second law
f#14T3 (vector notations-«)

m(dv/dt) = mw?r + Foy +2m(vx w) (19)
Tt fawtifas ife 27 izt ,
Pl v i = BB

OR[N 93 NeEe-0l @@ e
NEFE BT T ey Afejz oF I
@R @ AR Afe7d B’ Gty 9o
IR 22| 92 (FE Fo,, = 0 Q32 TAWIH-
q (ote 0 fo1ees Eq (19) 23,

i=2wy+wz (20a)

j = —2wi+w?y (20b)

@3 gt ANFA-GF AT &
=Ty REAIAD (L= V1)
IRCEL R,

P4 2iwi—uwfz=0 (21)
Second order differential equations with
constant coefficient-&d FANLTHF BRAN =
At iz 2 — A MR
(LT A §3),

N4+2iwd—w?=0\+iw)2=0 (22)

sz fog (o

Repeated roots Q&I 1{% independent
solutions ¥4, e~ Wt qqe t e~ C
€32 DI Constants of integration ¥
O,

2(t) = Ce ™t 4 Dte~%t (23)
GEH

) = _dCle~ Wt 4 De~Wt __ 5,y e W't

Q3JF C @R D 4@ Fare =9 initial
conditions-&43 AT | FTHFE B (A
J4H t = 0 , m-9q SR[EA) 0,r) -9
o 2t =0) =irem o sfes
R t = 0 W@ T WAy = — wr
(Frem  ofswaem s Soeomi()
wiz 2t =0) = —Wwr, gq(23) @@t =
0 N A C' = ir €32 5- 97 @ F
)expression) (WS WCE Eq (23) 43 NITH,
R RTF AR D = 0 | Jo9d @3 2AfiE

2(t) = ire %t (24)
Real @2 imaginary parts ST\ B0,
Tz =rsinwt, y=rcoswt (25)

e L

t=m/20agm e =1 @2 ¥ =0, i3
B (WTR A=A QT3 O 30 4@ (el | Eq
(25) B-@3 (51T 21257 i\ 37y west faca
sz | @G OIRTAR (@RI AT TGTT 7=y
3oy | GBS G Y7 LS o TS AR
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@ Eq (18)-9 2 2Tl 9« (FICl prefactor
@A KI8T ©6d SOl |

@OBT N (T IRV AGCTHCPA G
FBEN? 2 frem s gt ey
S AR YR CTwh! 24 TOR 27
radian (BT Y342 &= gq @7 | fFg 747
T *f® G WRISTF IO LTS
4« G2 Coriolis force (& T2 TRY&
FAOR YA |

Non inertial frame-U3 SAF0 ASE OWIZA
$J WYIIFE CF@ (constant gravitational
field) #re3 TR | ARSI oifotaa (surface)
IR AE, AT WO CFEsT
(gravitational field) «I6T FIF QAo
(constant acceleration) o T BT ST
“g” TerTeR ol (@ (It < T ew “m”,
@1 AT FulRvE e wIe 232 9l
36 mg e | 2w @ wifew St

CTIC (T (TR 2TOTFOT IFT 89 I@07

Teweid Weea as (vertically downwards) |
GI[ SR e AT A TXHE o

(gravitational mass) AR ETeJ ©4 (inertial

mass) AN 2T SO0 GNF O30 reference
frame IWM @ewm TW @T g7 G
(acceleration) ﬁtﬂwm (72 frame-
Q 2TOIF(G IEF @7 APCI T I (pseudo

v g e

force) mg TR Mt @3 @161 37 ©Ita
3IfS (cancel) 03 Wt [Nova A Trggder
3+ (gravitational force) mg| @2 reference
frame-q WIYIIFEY CFC@A ( gravitational
field) SIf&g S (IR ACI 1|

faeee =few sty =i s s Aw
BT e RSRICT (1 gl feeT
471 qF 2RO (@IS GFT “h” THOR
tower SCACZ (Fig 11) | Tower-Gd Ol (ATF
Tt e S (PR ROR| WA

1% (frequency) v I Tower-dd AR

TR G0 receiver |

—
| - light receiver
h

o light emitter

=

Figure 11

2P - @ receiver & ST F1% v-3 (AR
1 o By ? fariead ffadm ww S
SfR@bl (Fq Felfefes | e T =R
PG | (AT T (AT v FHNCE S
(TR WICH T= 1/v 3T A7 (@5 fof®
TR | (@ @I frame-«@ TR FF 9fS ¢

=3 x10® m/sec |
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G 7917 Ui ioa fsfacers o feraer g sat=T=1/vis faem @B
1 ,
4 F QN9 GF0 reference frame (ATF S——— 2 = E f 2 G
b o1 g et e PR 2 Afe@ric  fam, ©@ 4 TA
" 3| ' - 1 ‘
frame-@ (FIAI NI (7R | Fig (12)-9 :=;_qT2+('(f—T]
O =S (ST & | “
2 top of tower as seen
,/ from falling frame
tz 7 5) AN (FHH WS
z=h+ lgt?2 &
RIS CTRICA t; 70 T4
t1 rad # 5
; " o base of tower as seen 1 . X
t?npe?;;?::;]: S .? c;\r," % /' from falling frame h + 5 ,(]f‘lz = cty [2())
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.§t’; E).Qt“ h’?\f ;’
|| S48 A 2= gt 6) et ciow =ITe cAtRica
'J‘ . /’

nase of tower in § |# ___.J*’” t t2 4

inertial f p mmm— >

inertal iframe T

Figure 12 1 ‘ 1 .
h+ - gts = c(ty — T) + 5 gT? (27)
1) Tower &I TOEAMHE ©IKEH I8 (1R) O Eq (26) €3 (27) (T
1 gt SIS SATCT
@R 27 SR,
to —ty =T

2) Tower 9 TCOF IIZE AR

. W g £0 T O (27) @TF (26) fwma

T g A, FACE

3) AV (FoA @E@Ez= 0 Q@A&Ft= 0
FANIACS | F9TS ¢ -(© HoCE SOEFIS 212 ZC

z=ct

4 ; 1 ;
93 —8) =clta—t;) —cT + z gT* (28)

S

Eq (26) @R (27) I F4CT
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@'CT\Q f] = h/(‘
L ty >~ h/('-':'- ¢ G h/('

(h>X= oo wa% o)
d. - : gh®

Eq (29) e srw&r o3 {1 +t2 = 2h/c
@I Eq (28) TS

]
c(ts —t;) [1 . 2] ~ T

o],
T gh
D = = — e 30
tr — =gk 4 (l + (‘2) (30)

G SICET (AITRR Tower-4 @9d O 1%

) 1 [ .fﬂ*]
v = oo g |1
o — 4 e ).

sz fog (o

SO TTLIFEe (0@ (gravitational field)

SHIFS SCATFS ©rgd foniv ¢ ofamaag
@3B 1 1959 T FoIG e 9
AT ST AT I @IFT 22.5m T
G tower JJIRF (T G2 FATFR A
( gh/c‘z ~2x 1071 1) RGB!
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AT, (F-979 SRR TP [ TR
qibfe e, (- @R e ens-
@7 IR AT | (@RE O (@ G2
ATF Ty EERR M e a3t
JGG 2R IO B (I LY S) Fa0
27| g BT AR DC 1T TR GI6T
S 72ZAE 220 Volts AC Riie-sifere
AR ACF TS | @6 (TS MFPE
3B ITSI6E (inverter) ICHF, T 12 volts
DC 5= (& 220 volts AC (© FIBT® FCo
AlCA | g BT I <=5-31CF, [Ree s
AP N P AL AR & |
RS T AR AR (@ 220 volts AC (TR
i fereim w3, e e S (e
@S2 @A T (FANS (ATF 220 volts AC

SIS EECRIELGITDIEREE RS e

Qi@ 12 volts 50 Watt (31 A€ FW
ST CIEITe (AT TP TeAg
fagires e (oN (TN EoAIE AR
(R | O 7T T T S0l e SR
@B @AW @S A 93 [,

a3 e

CTRTICTS (ATF 2MeTT 12 volts DC ﬁ‘g_jﬁ
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Hour, Lead-Acid JBIACE SI<FYE F4l
5eICS AAItA Q3R (T2 LY@ Jioiar e
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Qe 5eCo2 A1 SINEl SArE 6
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M I, 429, 4x3 I NOIEE 99 S=Rie
HCAfFS T4 T, A GF01 40 - 60 Watt
R To! @y @36 wEfce 9w@ww B[
SN AT AR, 9FO GIFel] (RS G |
O TS SIS 20, ([T TG @M
4 - 5 O ARG HEH, €3 4T Sl
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LT FAF ACH-IC% | AFBIF FAE 00
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W 4@ (N ZCET 400 - 500 | SN R
SR BT T 2@E BIEE 9T
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T8 (O qb2 | G2 Y [P SNTAT e
@ (@9 TS IHFE QR ACF LT
Tq?

AT 9ge  bied Warm
White LED -9 (@ =1 &t 2Tedl
qw, o M I, €9, 4x3 I
foe 99 SR SEfee 9
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!

el TN 41 AVF
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FAMR | GFB FICAT G FAT 4G TEAIGE, O
AT YIB! ©OIF (BIFICA], ([T 24 volt @3
GFBT FIBIA ATTHF (12 volt, 9 Amp/hr @3
V6T AIBIA 20O #ACA) S AN | B
ATHO ST (AF Cnfere viet I T
@TS AN | TR 2 bR e 2@
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A FACS 20 — 30 NNGT @A el Tfow
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= fasitas o3 3, AT 220 volt T¢F TR
IR

e el
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93 W FA 97 7ot 2o oot todt
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AR A I, 4F0I I ANF G, Y
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TS (ST 48 volt @ IFBIAT W 12 91
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GTf&-vifere BT e verg |

@IFR model

ST SR 2feNtrR eforE JoEeAieT
@RI @ ARG Tomw A
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