UL

T 3R fod W R stYEl I
(e H A GRT Hl HE HIA I@l
BNl S ofi eTEvEes e € e ot

F B W €7 chad ded & e, ®iE W@
T S TRl o o % U W A
@ e 8, 3§ fefg A off We @ e @
Td 3@ W HIE G d 7 oFIE B STd:

9E Tk WAl g1 F AU BY W Aqghdl 1%
F HKS THT WA T @ g7 hal
focoh W HeH USd ¥ °H H fHEd S
g (fm 12.1)? foeht foe qen i &9 W
el e el @2

faT 12,1 : 519 &IE GHT fF4t ol & e W H3q
w@al € a 98 iR el g

Y A H A9 TH YHR oF U o IW
Eiea

12,1 9YUT oA
ToRaTaRea 12.1




s 3@ fo afk smu o fgom o =@
M ? A e S feem § % w21 AR
o < foon & Wt o € ar s o faen
¥ % #a 2 <A fefel & wdn gwe
1 a1 foiY T @1 SO §@ wed @l
M M oA w1 oY wIar R

SR fhamehad H FuUl ga g ael
U o i o o wE @ @

w1 G YOl W GHE SO0 ol ol 22
F TE Y&l o faemdm W R s @2
Y WAl T

12,2 THUT Sl YHTGd i aTA
ety

TeraTeheTa 12.2

frdt 32 & W) AR TH S Situm g2
I HAMER gl g0 @ifaw (s 12.3)1
AR FS I AT TSdl B 59 E e
TMA HET AT HL, HAMRR JaAT B
S AT THY STUH! IH WO I
I AT Y BN S g qM I ok U3
& e @ @l

fere 12.3 : HUAIRR ol GRT $2 1 @i=1 ST T 81

e d2 W uifaeid #1 T ey @R
fRaThemT W1 TEULU FM AU IWE
I feafeal & FUHRR qon % weATh!
¥ FE R UM B2 T SRR H
FRU T THA 2?7 ¥ W T K TH
IHEl TUSHT TH Tohamhemd &1 SEAEU
MO 1 TwE?

HATER qell

FAMER o 98 I & e gr frelt awg
W H a9 R WG S gl 3HY T
FHuefad U g ¢ fSod 9 ofH W gER
g a1 21 HAM ok TE YEN &1 M
3ok AR JHH T el ol Hepdeh gR i
ST @1 T o WIeAh gRT 9 1 AT 9
B B

foRaTeReTTa 12.3

fordt fad w9l Stuen frdt o9 W FR
A FUqd aFEUl $9oh T 1Y S o
TER W $IE AHhS! &I q& STAM HL
Thd & [foe 12.4()]1 d wEAA o
fodt fog A W W § &k foga eifea
FHifSU| 19 His Ufad 9 39 fag o =
ek AUl T qd I8 B R fha
T T HIA €2 W A I AR HIfS I

)

147



I g =l T 99 I8 W a7 =ed
i W wE Fel fae A e i kil
Hifoe for wue o faeee 9 & SWe 2, SUh! THfd W AR wf @2

fFaTReTT & f FfT [f 12.4(0 w1 UfEd 9 oF I8 I o off =el
e 1240l TE g0 1 g L 8?2

>

=0T Teh § 3T ATt ] geei i St afadet
o RO Bl 81 TH U8 W d@d W wgd e
ad ®, ST off sEd 9 ged sifrafiaad e
g (fo 12.5)1 < g =1 srfEfaad Th-gm
o it g Sl B1 99 B9 T I8 W W TS
1 A FE H TIG FWQ F dl e T T
¥ (interlocking) W IR 99 o T 8 9«
ST Tgal B G (eT) gsa3f W A rfrafiaand
Afeeh H& o Bl B oFd: A S w8 oal
U T 3Afuek Bl B

(b)

faT 12.4 : 9fqa 9o fafg= y=i | fa=-fr=
IR 79 FHT Bl

TS W I T Yol Ud TSt 39 fRamenan
i BT HE foramehed | TMd THdA
H1 T IH @)

for fofa # ¥faet ot 500 @@ T @
T FH 87 9 5N W G T H T I w
f=-fa= o et €2 TRl HRUT S
T SIS 39 aiRom W 9=l S| forT 12.5 : g9 sfEfaa]
148] L




faT 12,6 : Fiag &1 TfaH @ & 9T TR e
T B

AT I I’V HI AR HitG S fosat
TR A fREl 9 a9 Hl TR TH W g
WF W WeE a1 (FF 12.6)1 A€ 3t 39
THR H HE UE TR T dl 3 T UHN
H IS BN HE-H HEH FEE T —
form s 9 fRdt e 1 TfaRiel O
reran fordt el ofed =1 St fum o T

el Tl g aw & foum 9 1fd g
FHE & feafd § wdor W UR W & T a5
W A WM arel dd ifde =90 s "
Bt B sEen faqda, Tl a%g 1 SH =«
4 il WA o fau ofavas 9a 3Weh
gdt wdu w WY B e

e afed TRl SO HY a1 ©, A 39k
T3 oF ek fagstl i a1 9 =&l faet uran
o 3 w3l & Tueh faged o 99 weh| ord: |l
o wifaes T § wY %W e ¢ gEifey

fordt s § T 3T0EY 3 1 3T Y8 §
2 wfea afer w1 Tfd SAT WA S Bl 2

12,3 gHUT : EM&RE W Afar

3 3T FT STTEl I AR HIforY| foHet wia
& T otuEr fvdt Foes W 9 59 wwhs
Tl MM €2 M ofifery fopdt frama 1 ared
Y foeh @ 31el 39 W YHH o dcl i W
I & d N 3Y TY W UHSA SEH B e
s1ferek hfe &1 Sem? S0 Fifew) 4 s 7 &
q F ouek fore femg i Tshe W g9d @
qra?

Fg ot 9% HifC fF ORee o T w
YA hi=g ol Teel W I forar shis
T T F 29 Ty A g 1 feafa § = i
FHeul Y Fehd &7

g T F B A MY UA AYEl UfHd d
T fa@ gwdl @ sk e @ 9
AU R faed € @ v & T TS
TIE g =% o %o HUI %l I a1 & o

ferg 12.7 : 599 & HRO AR T HieT TS Al &

Tw)



U ¥ U W ® @R 3§ YRR vAHUL
R U for@mee kel <t 21 Ak g qen
oTEA oh Y oh e YU 7 gl o 39 @l
HT A A A A HI S Gl of, T B I%
UehT ST Gehel ol 3R 7 & fegn ufafda =1 s
Tehdl ot

T HE TG MG AR F T A qE B
T wentlt, afg @@l seur 9 'l emd dear o
e T 3F ud (o 12.7) SAan um H
Tiie =&l sy Ul wWur o foer i wem o
&l 8 "har o

ferT 12.8 =01 & FRU1 Al & ol g S &l

Toeh faudi oo wifeRes off 21 su o
HRO Tl BrE S € =R ow Uw, dr
SR Srgen Jai o "W & & A @ (A
12.8)1 M (@ WY W UKe-SqRgel i
ferdifadt difear <=t =i

o § T SO B WAl @1 GO
e d oot gAfe™il il oOST 9 TH W H
g et (o3 12.9)1 39 F=1 9 &
2 9@ o9 HWifed H et R wE TS
Y TEd ¥, 9 98 oM kg ol ¢ (fam
12.10) 1

M 9% <@ B foh fagd e =t %9
e % W™ W SHeRT SR TR € Wl €1 S
Y 9gd W ST % T & o wHvr gm

farT 12,10 : o501 & FRO GIfaq &1 diclt F TEH W
a8 I YHS ofdt Bl

T I B ol o H Wa 7H foRd weie
1 ST W@ & TH G I ST o HRO
Y ol T B Wt ¢ FrefetEd e
T gY UNUT I HH HE ok SUA W == H|

150

&



124 gHUT FMET qLAT TS

frsd o3 ¥ oA <@ foh He aRfvufar o
T A B

T o Feft I8 Fie € & omueh i i
el GiEeR @ € [ 12.11(a)]1 @ Al &1
%9l ¥ Yhg A § TS SR S =l Th
giferd ®d €1 3H YhR SR, Tl qel qerEsr
& IR ff WiEKR B o e @ S
Thg TS oAl @l

.::_E_ﬁrg:“__ 0 '
@) (b)

ferT 12.11 : (@) 9@ a7 (b) 2Rl 1 dferal 1 @reRr
FAHT TGO M fmar e g

Tt aTedl aen GEfeel St s gunfers
o oo Ul 1 ST F3ch B0 et 901 o
gfg #d €| vE U FE WEfrd S € @
3Tk Sk U UfEy i w9l T H| W S
MY % oo i 9 ¢ df A U v & wRo
fig &t g &l Uk <9 B SR ufemn Tfa &
I FX @1 T ST TS @M BT TR Fheee ok
faenet o1 el W faedt Tred © daifer 9 et
fagdt @l SR TS W Uhs Weh| oA
(=) a1 1ol W 1E & us1ed ol oid @
ek =901 § Jhg Hlen 31 Tohe a1 Hon|

Ty o o feafaai & =reor stersia g
21 o7d: 89 39 HH HEA =R

S GE T AT HEH USSl i fogdd @
(e 12.12)? 399 9© Aie fwen &rm f& <@
Y @I o Heddl (Jeii) § A B /D 9
eTerd €, df ST W8S & JH ol 81 Higfehd
1 Wi o Hehtaer (Tei) 2 wefHl o wiiaeiial
qI o o= Ui o €1 STie gl gitferfaat
o g9 el | gfg o foTq =60 1 w9 S 2
S o, W el UBES hl el WRiH oh

forT 12,12 : 590 %7 # & @ 339 aie
UISeY fvgeht T Bl

Tfegfier g (W) oF e o € o Sl gkt
Teh Uaell TR oF Wt © aen Tiavier gss gt
3 Th-TW &I TE &l 1 (91 12.13)1 39
YR TAfHaarei &1 Td: e 1 STd: U
HTET W1 o T B @1 2 T e 99 e
21 o0 W HE A gLl w Sged Hed
g1 o3 A o Tew o ®9 ° A 1 ITAT
T HE H GA® I S 21 g8l W OAY HH
574 % o e 9 S A AP T

FT ITANT TR ST e

faT 12,13 : TEF &7 g9E!

o)

151



TorameReTa 12.4
IEIHR A hI FS Udel ool 5%

I TH Y531 W IS hich Al B | TH-TH & FARR (G 39k HW
STeAfeeh WO H Tech g b FE A g fEe (o 12.15)1 o@
ST FTH T T FIR I T I ERTCTT| Y TE A TR g o

HT T 2 oo B9 W ifee dewd & tee ®

TH WehR 1 i ol Weieh T ed 21 @
Y TE AT B € Toh TR hl WHH
i qO H T YRR TGRS AT HEH0T

ST FAMT qUiq: T T B € T 87 N S A A R I
W%'aﬁgww‘wﬁ T9 RS F TS WA TH WH T TW

e 3w g s WM q% o I 3@ 27
a9 Bt 2

12,5 ufew ador 0 T 27 E

Mo erefea den ot Wi Wl (STgerEt)
T o 9 3@ BN TH I H HIE B
aea1 oft e 9 wfw gwar & (o 12.14)

T A g 82 S{IET qar el

faa 12.15 : o | J&a 1 Tl

w9 TH aE fRH qEd g F TR W
dqaehdl € o IEH! T o WY H Aew
T wEd B elled uuU HH wL a2 T
& ek I hl TEG T W THA HI AT H Al

W T Fed e Bl 21 e SR ® TR Uer
SISl WHE G giaersHe g g S e
MY I8 A Tohd & foh IET o Sffaenr i
T ST 1 Hean @Sl § e T S 82

FHife et woo gut su 9 w87 g
? zHfoe effertyt wefel o @du & oA
ST o STE g/ e | wfaenfua feen
ST 21 DA o qEl qen WigfeRelt W et dem
Tifa (89) o S= 9Ta 99T HT ST 9k
forT 12,14 : oied 599 FH T 747 B = See © (e 12.16)1

152 fam )




T 12.16 : a7 FIRT TG FH FI 37 81

12,6 ST THUT

A wd € for o9 et gkl qen feRd
gt ?1 fer off Te@ R fa w o
TG R A FH0 g ol #1 T UHR
S qUl T g9 ot e R i A ATl
aEge W T g o ?1 faeeE ® i qen
gal 1 Th & AW ‘@’ T T 21 e em

FE GFHd © Tl 79 Bl T e arel
TS W ENU g A

WAl g AT T TN §A kI REOT AT
Fed B

fFHl WA W oH ol J60 g 3!
WA o Erer ia W AR wwar @1 o T
& hi SASHTd qAT A &l Fepfd T o [
HTal B

we g e v ol fed wa 9 wfa
F T A SR ST W T T gel W YR G
2T 21 =9 Uferan § 3AdT el 1 &9 el Bl
3q: UHU ® FH G FH FH ok AT FAE
T S &1 ora: aeget =+t fafere sepfaar <
STt 21 3Tuek fae | SRl w1 g9 fafirs
MMepfaal o aR | Hel ¥ Hord W 8id 27
arede W S® ¥ Hohd Yoptd © fHerd €1 weft
qon wfeal @d § Tfa #d &1 3 IR
fehTd 9 TR 3T B fh A § 719 &
T TYU W YR YR H IART el H &
JAATHTS FH Bl AT A RfaA o sk o
Fel VI H STeea fhan o agae &1 sTdfa
1 WEYHgEs @y (fos 12.17)1 0
TOH! omepfa den Tt uweft &1 omefa o
HIT FAEA U9 22 oaredd |, g el ok
fEsIE 39 YR 91T 9 @ o ael =901 A
7l S|

forT 12,17 : T% gaTE <@ 3R et &7 pid @ qEan

&

153



T

CICARCORO L L
|t =T
wifqs adur

e faw uew uRedt

Fo feafqat o, & wfq @1 fatty & €
Tafu # 7fa % Faa s=m@r &

g ® |rier Tfa w1 Fe faiy w §
T fqEE g3t o &=

T TET FS Teh

el 57 a1 € # sl

FARY fad™ It i wa

T 3 & A e W wfe

H g "l € - wfqew, gt steran arefsw
=g we ot Bl T yss Tiama,

g § § w3g agl, gaet # g wi)

. )

(& J

O 0 0 o

o o

MU ST HrEm

T groeh | T 1 Y3t ok Sfi9 "rdel i 1 Ay
HT 21 T8 I g3l W HTE HLa B

oo geoeh o & et i gehfa W fae s 2
& T g2t o e o ferg = 57 geaf o faehA
1 eraeen W st s #)

oo 39 o1d W FeRk Fr § fF S Tt g® A
e Iee® @ 2

wifqer ool q9 HE HE ATH FHE © & e
fordlt a%q 1 3Tt form &1 feafa & 7fa & @ o1
AT I

T o e T HTA SRE HLAT € S RIS A
et o g Wt fa e 2

ot eefor wifees sefor @ %9 g 2l

o0 TR §igd @ feRarwetal o fow Hewagul @ 2l
el g3 1 ®e&l SR O S W Hehdl 2

S ST Tl TN AEA B A AWU F@H ok A
BIPIR TAC 1T 2

FHefi-mef = syerwAT B 2

Tigs TR TO0 i % TR S Hehdl 2|

e T a%q fRE o a%q W ied ®d ¢ al
el ToU FH HET STET FI 2| AefTw guu
gt erefor 1 erden %9 B B

3 A9l | 91 SFRIT HT YN FHeh T H HH
e s 21

WA | A HE areft awget & 3fad sTHfa 9gH
FTeh O g F1 HH fHAT SN AT 2

154

e



e o &1 gfd -

(%) T UH M F IS G QA TN kUi s g T fay wa
2l

(@ s gsier 9 fasR e R

(m WME___ I E e

() oW A WuUSS fogg goudor & S @
(z) TR w W s g g g

IR F=d ) A, wifdw qen gl v o SR dell I ged hH H SFafed
o feTq et T | SehT e e & el @)1 WEl oHewe w1 = it

(%) e, wihes, ad
(@) refer, adf, w@ifaw
(m  wifaew, gdf, wdefw
(@ o, Wifew, wdefm

AR ST R R kT THTHR o G e, HTRR o et wef, et W fore R
S qe ey R el Bl %R W e gl grn ol S st w1 sigar she -

(%) TR 1 Tiel Y, TR 1 @ w9, THERT, die
(@) GHMERYS, Aferar, SO w1 @ w9, GIERE 1 el e
(1 difern, FHERTS, STEE 1 @l B9, TR 6 e e
(|7)  ETHER 1 Tien Y, TR 1 @ w9, difer, SHEmes

A ST 9 o1 S5 i diel g €1 S W W HE GRS A H A Rl
A T e B T W o w0 ot T gtz

A ST GefeATae |gH o UMl | 9 diee] SR o el el T 3 S| 39 T
Y T S9es foT T STEM B A HicA| SO ST H HRU ST

fEeTel FIeaR S (Tead) Ff Ted &7 AR Hifsu)

ThaTel 1 BTkl UfgeRT ekt & e G 1 SEt Tl W Wi ufewt gepert 81 %A
Afersh T I SIS HEN SR FT?

S HITY, gt wvor wWiaer v @ w9 F= e 2
U HIS, ST ford YohR w3 S T S R
ol FITY, Tt & T w3 el Tegelt w1 e vy ywR % F T 2

155



foeia e1ferm - foRaTeRea T& U@

L.

ATRT & o Tl T T KT 1 9T 87 36 WA o |9 W o T FifS
T Qe 9 S0 o d Herdl 3 W1 © S1e faiy 3 @1 81 ST heaq
5 A A W e T A < s e v A

FHEAT HIfTT o 07 TehTereh THT 81 ST S99 Siaq e YRR gefad g
Tt <@ gRfefaet w1 g SR

forell Teft R R STET STl Tl o S foerd 21 fafe= oell o Sl o afe
T Y&T0T HIFTTI 79 Y07 T Ui RIS

T et aFEe- wife 5 Tk @l fesd ofifsa) seeht ¢ Freifery) fom o g9y
SR ot o U9 T erquantt fifthet Tt 59 € 1 =gk o seR wifen) fifthe
i fo 12.18 & 39 SATER I o 1 Gerrd 9 2 oF S 90 § Sfeu) 2 oF
@ ol W 35 IR 9 gihfvea wifee fF fog s 52 B % um
ol @ T W TSR S Hok| Uk Hiek o ¥T Wk 39 o § qeify SER
ol @ ol & o < Rl W TR iy e a1 9 2 ok fowl 9 @Rt A
frher goh| o1@ 2§ Tifag # fesst &1 gaeRa o <ifsml

mife &t fesdlt Fi oM | cewEul ¥rm dhen g )

g &) fesslt o 90 o wRO A= RAT sy X 3l

e oAl i %Y AT R Teror FITT 1 B 2

9 YeT0T 1 SRS HIAY| 1 379 T4 AT hl F01 F Heiel i X Tohd 22

® = #

"
@ &
faT 12.18

F & T SeEze W ey Heifuq fava W iR st steAe Y gehd
®  http://www.school-for-champions.com/science/friction.htm
® http//hyperphysics.phy-astr.gsu.edu/hbase/firct2.html

156

e



