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Constitution of India

Part IV A (Article 51 A)

Fundamental Duties

It shall be the duty of every citizen of India —

(a)
(b)

(c)
(d)

(e)

(H)
(2

(h)
()
)

*(k)

Note:

to abide by the Constitution and respect its ideals and institutions, the
National Flag and the National Anthem;

to cherish and follow the noble ideals which inspired our national struggle
for freedom;

to uphold and protect the sovereignty, unity and integrity of India;

to defend the country and render national service when called upon to
do so;

to promote harmony and the spirit of common brotherhood amongst all
the people of India transcending religious, linguistic and regional or
sectional diversities; to renounce practices derogatory to the dignity of
women;

to value and preserve the rich heritage of our composite culture;

to protect and improve the natural environment including forests, lakes,
rivers, wildlife and to have compassion for living creatures;

to develop the scientific temper, humanism and the spirit of inquiry and
reform;

to safeguard public property and to abjure violence;

to strive towards excellence in all spheres of individual and collective
activity so that the nation constantly rises to higher levels of endeavour
and achievement;

who is a parent or guardian, to provide opportunities for education to
his child or, as the case may be, ward between the age of six and
fourteen years.

The Article S1A containing Fundamental Duties was inserted by the Constitution
(42nd Amendment) Act, 1976 (with effect from 3 January 1977).

*(k) was inserted by the Constitution (86th Amendment) Act, 2002 (with effect from
1 April 2010).
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G ST FNCE RS TRE0 N0 FEIeFeiE G377 IR 5 SP10E | 9f
(O REGITE SN G2 I F NS o FA IO TG 2 MASRATEAS AfSra
31 A2

Tfre SRCIE ARATE FN-SfF SEw @R W, SR W= 3o Tame 72w
#3fe, Wl @ JRrTel TS SIS 7ioeiel (e SR GIR SIS (36l SR e |
e I T2 G2 gioefarns e FE @R [Teww ¢ sy cwigg 5y 2w izt
TR TrlzRel ST FCR| | IS @ SImEE GEeitd SN 9 A0 RS I
TSl ST I A |

s Bx@e swidfaw 51, @, @, fEAEa 0, AIMHE FAPCER e ARG AL SO
st Reaitag TRFACR G 5 1 S 979l | @2 RS o1t Seensa et |
G2 HBHT G [Fg ANF € FTAFE Srarl I T (SN FIE A @ Deeds a0
A TR

Tfre ToifGw RISl RofFe, vye ittt smiefm sta st sl R o7 sr2i= sp@eet
S (@R 3T e @ foerad < | foaie rere s it e ol e o @2 gien®
(oI TS | Sl T S2BIEA, (T, TESTAI, SHILT 4R Rreyial | 939/ W=l
sieffav 7l TS 2= G3R ST T2 AT (TG (OIS RO A (LT Sy o] 20% |
(€% IR T A=AAG (0T | S (5141 ARSI STejraielt 935 I !

RGBT AT AT I (SN A A GeT AIFell 200 A (@ {ewie fe swisiian ze1
AR, GOV IR €T TV Y72 T GRS A FUCA DA 1 | [y @
RN FoAE @2 QRN Tl et | Rl @O AL MG qcol 2Pigs
o 27 @3RS T GG S TS FACO SR € aud 27 27 | oiFsiae o[l oiva
Rifeon (qwife 031G 432 TR HEHICT T (R | QR Y28 [T “nidfim 2w
TN @R Ui | @ TR (0T a=AGITS Sralie oid afbe 2 ATe ofi oiew st
TS AR |
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2.19 NEQ (Introduction)

I CSTo AR 2IfFiol @3 e fefergel, cavaw e, srestifes
roiete, e T e AR To T 2T | G2 AT0E G5
T 27| @3 2iples AR wAfwicem wewret (result) @ 97718
TR T 2 1 27 | 2AFTeS AT 7R ST 2en8, ARY
2AFTET AT 21T e T T, 9T PIFa AFFo
FIYTEIT 2 I (FCG (@FIETNG TS FRF G ARG 27 |
GRfeT A o1 AT GFFATAE G A ol G A0 | @2 567
GFFHTER TR S A AFRoT AT GFFYCENT &P T IR |
I GNP T AR T S I 2 | 36 GFF '€ T GFFY el
G« mcfﬂw, @3 ARG (System of Units) BRI #ifFfow |

2.2 GF(FA AT [OF 2% (The International System of Units)

Aibice [fem oo Resia AR o [fon g3 s a7
TACo | G Todqb oiifo- B &7 @, @ 9 @3 (w2l [Rio+) siwife
TR N (F G AR TR o1TF PN IS 2062 |

@2 ARG T, ©F G T 45 fTHgt -
e CGS “=ifore I EIFGRGE, A G CTFS
e FPS *=fOTS U T, TS @R TS
o MKS *=fSre I o, RFrenan @R EIes |

AR (FFLg TSN TS OFOINE FIF©, GFFT 2 A=
za1 Systeme Internationale d’unites — (French for International
System of Units), 7IKCHCo SI | Reele, @S, Me @3k qifdfens Fitea
(G ST OPFSICE IZIIT &), 1971 AE €T @ ifsliol f[aws
A TSI BT 2=l Siferl, aFFYCE @I ALY o T2o=
SEEifes *fst B «az Srraifte 2rafes | FiFd S1 qFF9TaITe




3T G AAfTTIA 17

RIEECR P C LIS (G SRR G ICER (GIRSISEEE U
AR 27 | r ds

S1 #=fors 76 e @ witE, At MR 2.19 e | A o dze p—
T G A A6 U6 G W2 @ TA— (a) @ ) S(;)ra -
(plane angle), d0=BIT5F (70 (ds) : AP (r) €3 (b) TG
(solid angle), dQ2 = CWW@% cFqTe (dA) : T
3ol (12) | qa TAC 5@ 2.1(a) @R (b) @ CRATG ZCACZ | O<<=A————__—_\___
AT (PR T (@I, T 2O rad IR TR
G5 EHATTN T 2O sr | Tewz G2 if |

d@ =dA/r steradian

(b)
Fig. 2.1  (a) (&9 dO GR (b) TV 4Q 4
Fefeyt

Table 2.1 SI *=fsq e=ift @ «s« (SI Base Quantities and Units*)

SI AFF
__
EW ey G S 1/299, 792458@%@@“&%?{3?@—@&33
o= I (1983)
wg e kg FIHF “NRER FICZ Sevres @ WWWW@WW

TSR @ 711 96 2ibfer-2 i «ia= argx o @3
0 GIred ©F O RFTETIATT 0 | (1889)

e (e s e -133 sRmigfoa wifesrs Taam e 12 cowEe e
FoirgREtTs R 9,192,631,770 2Rfiaa FrfSTE 281 | oo |
(1967)

wfgeedz iR A X[ T G 51 g SRS ST (e 4o TSI @ 47

A AR T OIS AR OIEF Mg @ #Ife ofee afs
I 2x10 7 105 767 BT 0 (72 ifalel ST @ Sif~ema

JCA | (1948)
ERISIES (e K SR (94 KR (Tripple point) OISR TFOR 1/273.16 BI¥| 26 45
Sl @IS | (1967)
AmICe G mol PIL - 12 #2019 0.012 FCoTIET AT @ sAfier eeifics s
ifraniet (elementary entities ) SIT2 (12 Ao 9l =T (i AT @ ST
I A ST e 0 |
Aol 2T T od T 76 @3 e e @i S<E= Rioe 2fikeD, Tl 5401012

Hz FAITR A1 Qe foefe e @k @ fitss «g [Rfsael ey
1/683€715 @fs EHAfTAT | (1979)

* QU SrARS M9YTEN WM ARTS F(R A 911 AT et T 2@ 7 | (@Feg G sAfiwiolere Afiee
R T T GRS QI (e 200 | AYfEs SRR AT #Ifwiel siwifox Tafe 2tz | e St
fgeTer scenl sifasist a1 A | G2 TACT [MRTE G136 M0 IRACENCS FKeeNfEs 41 2Rz |




sl

AR 2.2 A FIQTH ATAENT 453 (SI ARED)

Symbol

RIFG min 60 s

B h 60 min = 3600 s

o= d 24 h = 86400 s

ECT y 365.25d = 3.156 x 10" s
i ’ 1° = (=/ 180) rad

o= L Idm’=10"m"

B t 10° kg

FED c 200 mg

F bar 0.1 MPa = 10°Pa

F Ci 397 <10 a7

e (roentgen) R 2.58 x 107" C/kg

q 100 kg

ik b 100 fm*= 10 m®

B a 1 dam* = 10* m*

@37 ha 1 hm® = 10 m*

23 ARG atm 101325 Pa = 1.013 x 10° Pa

T TS I (F, T (T [IZ© = 0L AT 7@l
TR(E STET A0S 2 | 2 YT 2R, B¢, S, BCETRG
SR el LT RO e @2 FellafTE 20 AN |
Il g 2iplos AR g e Tl A 710 o G
UG 910w 1 T | (RS A 6) @ 2w | (RT A 6.1) @ 757
FRYJ T G ST e G AT (e 29 | fig STe7(
G RO AN (el 2R (RS A6.209) 938 @2
RIS SRR (e o7 G @ 716 36T G AR
) SIS 6y oK ST G AR A 6,309 (WRIT] B |
ARMT A 6.2 99A 6.3 (S QYT (O I Agfoe
Ty (S TR | A RICI Sy S QR[N A
2.2 (O IR AR |

5[foress @ Toi-offere e[t &y ST G2l (prefixes) 4%
ASIACE! #ATIT A2 @ (e SR | Giphoss i, TR
T @R S IFI9 TR Trel) 50 01 Do TR A=l
et #AfRMS A7 @ et SR 3% ST GFFYTE S S
g IRAF TR (SR A2 G SIS 2o
Gy 2AfIS A8 @ 1R 2R |

2.3 AT “AfAl (Measurement of Length)

COTTRT SNt (TR (7 AR G (R R4 2er s oo
el Sife Afibe | SrreserTg=l, i G e M 107 m
(T 102 m #RF® 0 ifarsniel 51 1 | 93 it miferonst
(FS AT ATH! 104 m T AFS wAfw1 F0© A | 956
F 0TS G 96 CHRCAGR 103 m T =13 #7171 w00
AN | 42 AT TN AZEL 7 @ Sl g 72 ety
AT 2I%(fS 2T FCI #Afo T A1 |

2.3.1 ¥3 IC TACEA A9 (Measurement of Large
Distances)

A3 (AT GFH 2T AN GFH THCAH 73S (oI (Fe
0 ererwelta AR T I 1 | 9T (09 o7 S
(parallax method ) &35 9ggo)ef #=(fS |

AT (TSR (I [ ANTHTT (SIS A G0
(oIRIPET TR | 2T (TN (51% I @0 A i (A) faca
NPT (1 9% GBI 7 (I (B1L I @R T
@14 (B) T €2 932 (P1ET0a S SIS | (TR S0 263
WS S S Reya so=is AT (frea
SR AfRTET T (90 | GTF I 27 19 (parallax) |
R 9o K7 Te! et 6 &2 € (basis) |
qrFeg 2 mﬁmﬁ’@ﬁiﬂﬁ%(basis)l

T HROTS ST LT G0 &R S G =g D AN
F3ce SEl #JfaS 7t for s A 8 B (sifEmfl)
(AT 938 I 2T 2RI I, @ AB = b (foq
2.2) 1 92 96 7 (AT 2260 2R 0 93 ufb wfeyres
TS (et 2ol 71 27 1 (2.2) fora amie LASB & 6
e fofere 1 20z 93 2212 291 o7 (el (parallactic
angle) |

b
@TY 22 = T, 5 << L @ e 0 432 4,

SR S SIS AB (3 S (s 46 J0e b (T
b FEbI7 SIS AT, @A D 2e Jeiba AP | AS =
BS=D, .. AB=b=D 0 @A 0 @GN |




| 1t

T G3R AT

b
D—g (2.1)

A b B
g 2.2 =9 Awfs
D e 719 @253 sirfs ST Ssal 2261 Spl oLl
o e e e i 1 3 AT T d @R @7 G Fifd
SR o (2257 AP ¢ 7 SRR e Rere Seom
) 27, SR 21

o =d/D 2.2)

AT 92 SR (AT @ @S M A | @ 251
W2 SIS0 TS (el 73 &12foq e a4t [ividre
e waarel ey (el 271 @@y D @, 225d
A (2.2) AT T2 IR efT T3 T |

Trrzgel 2.1 (a) 1° (Bf2) (b) 17 (BT G =12t
are min) 43R (¢) 1" (BITAF GICFT A are second)
(el TSN o= FCA | &S 360°=27 rad, 1°=60’
@GR 1'= 60 "

T@7 : (a) SN (ST BNTZ 360°= 27 rad
1°=(n/180)rad=1.745%x10 rad
(b) 19=60'=1.745x102rad
1'=2.908x10rad =2.91x10 rad
() 1'=60"=2.908x10"rad
1"=4.847x10*rad~4.85x10°rad 2
P> Gtz 2.2 e (oI 20 T O (I Bl
G B SNTF 1Ag ololeTl 1 | fofl C B A=
e 93fo Ry A o ifSr Sitzs @3k AC FRETRAR
2 FHIS G % g O Bz Fcaw | oF=ia
fof AC @3 31wl TSI 100 m 70e9 B {7re @0
(AT G R O @3 C G At ©OIIEeTe | ARy O

43 YA TG, IO BO 8 AO Sfeqaaw «32; 59
fof te #iM C @3 7Seel 2pe 7S @9l (@
0 = 40° (T AR | (97T (ol e AR o) ©iF
2P SRR A (AT BIST C 43 77 el e |

A EEE T A
(o]

i}

A B
— 100 m ——*

o9 2.3

@7 : ene FTRe (I 0 = 40°

5@ 2.3 (4TF AB=AC tan 6

AC =AB/tan0 = 100 m/tan 40°

=100m/0.8391=119m <

P Twizzel 2.3 JPT IR SA[ So i [ee g A
TR B (ATF 51T (e 1 29 | A= uo e
BT 6 = 1°54' (lel B 7 | 27 AT [T 2
1.276 x 107 m, RIS} (AT 5T 72g aiefal Sl |

Ted:enel =1°54' =114
=(114x60)" x(4.85x10°) rad
=3.32x107rad,
L 1'=4.85%x10"rad.
A b = AB=1.276 10" m
AR (2.1) ATl (AT SR 9412 oJfA-5Iwa 7w,

D=b/6
_1.276x10’
3.32x107

=3.84x10°m <

TizRel 2.4 A (I HER 2R 7= 1920
@R AR} (AT ARG 1.496 x 10" m 13]G 47
T ?
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a7 : TR G U @
=1920"
=1920x4.85x10°rad
=9.31x10"rad
ARTIA
d=aD

:(9.31><10_3)><(1.496><1011) m

=1.39x10°m <
23.2 {3 7FR YA0eS A9 S9F SiFF (Estimation of

Very Small Distances : Size of a Molecule)

@M% ST (10 m CAF 1070 m) SCol 47 F¥ AP
AR FACS SANWT RT 2= SRETT FAC0 20 |
G G ST G F 9T 1 I (I TG IR FACO
AT | @ F STt q0ge g FAN=re! IR |
ALHCIT TA TRARAE (AT O SR S el
(optical microscope) I6F I ST IR T | NS
ool ARG A Reiwebs @ [Rew «~)e wiEer
el T T @CS 2N SR ST ol
oy (@it Geifetar st sty 93t «r Reifae ez
ANSTN TN | I SATAIET o TG 2 2T 4000
A (T 7000 A (1 3MIFGT = 1 A = 1010 m) FIS3, 950
AP AT TF O3 (AT T4 AP IS [l
TS AN TN | T ST AR SN 35952 2T
TZI FACO Al | TR 2f7Ere Sfoerwg @)
GTEF (g B! BETRG 9FRCS (PPN I A | ZETRG
SHCHE TS b T, G ©ghw Goe fefe T @l
TG I [Reel pergela AHife =1 (9
REw iRe TS R awe @fare) a3 2EReEs
TR W @ SPFGTIT AR T 200 A1 0.6 A
TRCSIRe 5Tl ™9 GT 2eTRG -S| TZoCe| (o
T ZCACE | G AMICLT O G 2N A Ko
FACS A | TRAOFIE AN -SG9 (tunnelling
microscopy) &¥e FI (5i0g, I Rl = 1A @9
(PRSI | G Al YT SR A S RACR |

Sfer SRFTER ST SR 9w T G0 72w
(S T e 26T | T SifTe, 10 m I @ SNelfis
PR RS AR T G0 o7 |

QI T T (@ A G G 8forss Sifires @
SRS St @ aifde 230
ST 20cm? AR G 77l (o T Sl SRR
1 cm’ SfeTss SHIfFTE TIPS T | T2/ 1 em?® 2RI

93 B (AN GR SIETCHIZE L FC 20 om? 37g B1el
Cofs AN | [0, T 6 (concentration) &S cm?

T sfers nifirea ( 1 jcms GF A | GFAF
20% 20

ot @ T ATE (trough) T TR B AfRTSTH
I fFg ABCHCANTIN 2MTTIT =fT (7 @R
O (FI0! TIeTD SCETR 0K (o9 | ST Sifiees RGBT
@3B I, I2R ST G2 AR JEIFE ofT sj7rex
AR (film) T© TR SARTOE 2O AT | O,
TN A ST (FGTFA A (F AT &) OISl I
«F AP ATl F9 | 47, S n RS @R Ee
(TR | 29T Sl afs (@0 Siwes (V em?)
TSR ey STt |

TR 1 FRAT RRGIE SIRew

=nVcem’

Q@ B0 ST St oAfme

_ nV 1 cm’
= 20x20

Sl SIS @2 B39 39 T© T SHARStE =ew
ATT @R ¢ SJFCF IFH 39 7Y B 9 07 | AW @I
FOIC! 2IMiF CFae 4 cm? 2 O 14 5F9

I e
= i et

= LCH]

20%20 A

T 403 (ST 27 @ #i7 GF-TRT 77T TR,
@ @ft 23 el SfTes O3 (6 ST S A 0T | 92
IO SFe W0 10 m FC 2heT AF |

Trizzd 2.5 AW @3 Sy BieE See 3

fTSfFIC™ SFE (siiE 10715 (ATF 1014 m) Slifere
2O GHH AT SAFRS SHNAFAIC 5 203 2 <5
I ST 2 10 m (AT 10~m. |

e 23)

Ta : FOFeR SIiEd A 10 5 m @ R 104 m @3
G | SFF HANDa TSIt 2l 1075 m @< 10 m G2 ST
(ST 267 | SO, Bl 101097 G0 99 a1 (FLfers
A AT 1070 m SBET G0 ATNNGE | m AP
RrTR @ifere T 23 | FiteE @3 s eizam
SRR G5 FG (@ AT 1 m APACES (N (@ G
ST I SS9l I S | <
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2.3.3 twT<H4 “lEN (Range of Lengths)

2 RIS S TG SPRCE S [ Al 2%
TS A1 | QTR SRS e Rge @iz Fu
fTSFANCR SBIEIT FH10- m (AT P R[S
SIRFICER 3 102 m 91 27 | G391 I)fer e i,
T G PR AR 2.3 @ @S SR |

S 7 € J2& IR &y GH(0 G Rea or -3
A2 I A | Q9 2o

1= =1f=10"%m

1 SOIGS =1A=10"m

1 (epifefes @35 = 1 AU (7R (3T 94 1% 737)
=1.496 x 10" m

1R =11y =9.46x10" m (I9%CF 3x10°ms!
(03! I Rl SOFE 7))

1 A =3.08 x 106 m (SARCF 257 (72 TG

JU4q ‘jﬁl?ﬁ FFACLT 5T Y lare second (i Teofg

2.4 Sa3 7lfawiot (Measurement of mass)

T AMICT GF & | @6 SIswial, pist S g
SRARITE T fSq I 1 | S SI G (R (kg) |
BT [o €& @ #IfF w9l 7T (International Bureau of
Weights and Measures - BIPM) F$3 734112® SI@eifos
AT 1 kg O dfegsl [Kfew @oim arer sl
AN AR | SI00R NS Wiz GO ARFRS 29I (NPL)

G CRIRIEE

A @ ST O AR AN @O S
@FF | GTFCE unified atomic mass unit (u) (TS
AT ©F 4FF) T OEF @ e ael 97
AR, T AT S & F0e 2fefre 27, @

1 4 e o7 4 = 1u
= IETFHAYER S C-12 R ('oC) war s

ST SR (1/12)
= 1.66 x 107 kg

Fe GARGER AR A6 o7 IR O ool 1
T, 0! W IR 1 2 | SR A= (S 8
0T TR 0 RPTICET 2L COTR. @ &7, 76
Boyifnd A HOhET R e fefers #(fmil i
IR | AN | SRR TR 2ol Fu o
AR Sy S &7 29fiet! (mass spectrograph) 92K
3 @A T ofe oFg € G (w0 SN wnfze
IR A ~1=7 APAIE TR S Al FATSF |

2.4.1 StAT A (Range of Masses)

e TRCGT TGN ©F 432 J2R 2N [Reg | @9)Tal
103 kg T =20 U S G 2013 20O SN
Gl RRRRITST &R 105 kg T 3798 J28 OEF @)
+{fTw zre #iitx | [ aga TArTg7l @R 2 e
3 A 2.4 (AT Gl A |

Al 2.3 AT 2AiE €@ I

10|t
10!3
10*
1022
1026




22

sl

A 2.4 ©CF7 “AIE € T (Range and order of masses)

10-30

(e 1027
FerAfE g 10-25
@=fES TE FIT 10-13
Gl 109
3% I 10-6
o 10-5
g 10-3
T 102
= SN 103
TTTIENEE Boeing 747 108
1 1023
+jfedt 1025
= 1030
B9l AL 1041
PRIRIGREUSE 1055

2.5 ANCTA ST (Measurement of time)
- CRITH! IR SR 2/ A AT | g2 Sl
AN AR NF (atomic standard of time) I
3 A GF0 P A Ry Seofy e Foitaa
Tofx fofe ata aifsfos | «ft == Sifer < 3o fefe)
FCA T G2 WG 2Nl 9T =0 27, T o
SR STE JC21 TILS | GT AT S oA
ooy | Pifera-133 sRidg =it spg 2 coTs Sy
9,192,631,770 A F=TTE S ATAISTIR HRE AN
T | CIFS 431 TR0Z | @ G35 G 5 94w
G5 el 2GS ool T3 512 G Fu (@FRbe
BT (quartz crystal) T G0 @GS FreUE
el $ ooz B sArefRs s « 2 Hifemm
AR wfew 2= g

e otamiefs 9f% 32 A3 #i1d 7w | Mfsareeita
R ?{%W (Portable) &9 9 @ | 516 eI
ArNeIRT A2 B SO 2l CTES T S @
T G A 2 | 7S Tfzm SRt 2iigfoss Afmwialce
National Physical Laboratory (NPL) 3l ffemas #iasiefis
el SRR &l FTCF IE AL LS 2|

W (T I, T2 efi 2FReT AP/
TR 3R T AL NPL @F Wifg 00 | AR
@ SIS 2e T (IST) 2AelfFT 7T 7D (set)
e YT | v A stz 9feeen ae 7w @

GRS I FAARFS bl + 1 x 1073 wiefie 101397
@ =< | @i @RI @ @1 77 7 T e St
IfHTe! 1013 9T G SH ST F; @] 9F I 3
s SO Q@M G [ PR TR A T Aol
o) Ao fefers, (rda SI1 @t S s
SRS (1/299, 792, 458 5) ST WSFS A0 0y
7 AFH A T |

0l SR (@ e ToeE ARA 23, SITH AR
S g gl st ifaafee 271 2.5 swfafbre Koo
fog s SR figfs ¢ W@ oredl 2oz |

COIRI o7 S @, AR 2.3 @R 2.5 @F TR
TG @3 HeFEF Ao TR | FFHAN (@, ST
0T IPTCET JTG 8 FUOH (THR Sgole 10 &
AT | ACT G, SR ROIF IBAPTER 8 TG FRA
AT TS AN J2G 8 FUeH AlF SAToS 104
«@F TS | G2 IR, 10 (F SARIT AR 2.4 @ (7t T,
I RTe g TCaF SRl SlfeTrlg e A0 | S
RO T 02T 2 @ FUON O S0 (1041)2 &
STl | @2 2 FRANTEAR TR (FT9LE Tl G2 TS
Jt Tsfef SR 2

2.6 TCFA Awe, qALS A THE @k AfFwieR g

R : (Accuracy, precision of instruments and errors
in measurement)

IR SIS Ree @ 2yfre s 2o 3= fofe | @
@ AR TEF A A ARSI T [y
SBS! A | G2 S HROIC2 G A0 | #IfisTl=A <5411 =t
fofers amige 2fe aifiree gfb it | =l e
Fefol— @2 it R 3 Skl (UF o2 7941
Fob! sl g SifFwivl | ISl (A @i 0, ARG
b R A1 SR R0 AR T TR |

sAfaloie T0ET AW 8 R (resolution) 12 SIS
e o sfwie Sfdwel feq w6 | Snesers,
R T (I S TR aFoae 3.678 em. 7 A6 |
@3B 2R 0.1 cm REset sl @6 sifasiore 77
RIS T 2MeT (91 3.5 em, @A D27 @36 Twoox
fRTee, <1 T 0.01 em, =0 A4S 77 e €3 oy
338 cm T w1 cofet 122w sl s @ e




T G3R AT

AR 2.5 T SR A € T

wow1 A (8)

TR SR TN GIIE 10-24
G AR (FHCEA G SO FACS SR AT T 10-22
@3 3 sffEeE 10-19
AREE TR AT 10-15
TS SACH A TweT 10-1s
G e Trefere B GRE 10-8
(GO ERCE A 10-6
% SAH AT 10-3
(R EREED 10-1
SR AR GO ST A 10°
B (et #fRRITS e (iR 10°
IR (T #{R3ATS A (AR T 102
G=fb Tolarzz T 104
Tz awfE FE 105
BIWa TS 93 ST T 106
s{fada A= = 107
53l ra (T S (TR s 108
AT 5C SR 109
itz et <3 1011
CRTAPE SR (ATF 7 1015
TEIRCEE 97 1017

(T @ft 2iFe N 432 FIR) g T qitefel =5
(@3 T NG 0.1 cm) | S 7St #ifnsifoa Afswer
v g 97 7fel @R | Tt sifTeet gioe & @
SAfieiZ S | RereI, e 9o oo ufo
@lfite ReT T T @, (a) HYEAR™ A ke g
(systematic errors) €<% (b) WﬁﬂﬁW?ﬁ; (random errors) |

*e[FE G (Systematic errors)

*eFAR g6 25 €2 A7 Gio AT LIS Bl AelTeE
O 20N A | YR o [Fg T 2 :

(a) M= : 9go1gH Ao aa gl s =iz
TqIT S (calibration) Giee, I6IF [ qﬁ?
By SIS | SARerFg, 9o ARG
SIANGE TR SRS SH&5e F1 T (STPCS
SR TGO 219 104°C 20 AT, {57 @2 21y
100°C 2831 Bfoe) ; wifefa femicta el e
o) ol SETCRCET W+ HCa el Tsifoe Fie 2re
AT, L G0 Ao [BoR (FET @ AT F7
(TS A |

(b) 2T (TN LA AvHers g :

A (e Ssiat et qeiter Sics At @3 fo

GRS 2 Sl (LT T (T4 |
S ST AR Sl AT =St (@
BFela 2, S, A oiferaet 2epifn) AR
AT Toig ffire der et Al |

(o) zﬂ%%qi% (Personal errors) : AFS(AT TN
#el7, Tgifng F R Sror w12 t TS
oo ST ol FH AV fFore SpiieTet
Topif e @2 G T | Trize Fgo, (I (FTER
AT T (Needle) SRR “A1S (ST AT
Tt SreTPRHre iz il cofia MATE Aot
THMCP TR A OF EICHE o794 Gie 936
fs oo |

AT (FTETare Tafoniae, Trwes T o
G} e 2o TO6! TEF IR @2 o T T |
35 fffS AT P @6 WS Jwt o=(® @2
oo R R AT 2ATRIGTHR AT T (&S
A |

Sf7e o :- (Random errors)
wfvafre gft 251 @ 31w gft 31 i it =i, FieeE
o2 @ S AT Sfeafsre 27 | AR Rags soRfer
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sl

(@ SI2IG] € (SITHIEE Sol-115, A SAfFFIINAITS
QT Foi) wfafine ¢ wfaRes So-am, A5 e
Tl AT (LOIRIE) G AP T G g6 S0 |
TRl Fe T4 G T 98 2RI R G I6
T4 A O RS ol Al TeRE! A |

AR Wqﬁ? (Least count error)

(I AT T AR @ Faosl A« AR=ief T2 I
SITE @ OIS Y YIS 0T | AP AP R A
TPTZE & Fuod A 7T AoF 27|

7 et at fAtevie (resolution) G FCet RIS
ol S g7 gt | Tnizae 7991, @3 SR FifFsie
FARS 435 0.01 cm; @3 CHCRRIGIET AP 435 0.001
cm. TS 9AICF | A1 4375 gfo wifafre gftw ofierw g
«f Ffsre Nt W&o AE; fafire gt ¢ wfvafire gft —
Towa oweaz «fb oot | 3 SR g sifsice [Soe
(T A2 I, O G T 1 mm I KIS Sesiiessey
A |

THeT SO (precision) Tgifv ¢ 2w I
(FIIETST THf® A4 FfIe TGT S 31 47 Goes
FAICS 2N | AP SR 2796 77, Al

PO Y2 PRI 27 |

2.6.1 2@ (Absolute Error), T2 g (Relative
Error) aaz*iwﬁ (Percentage Error)
(a) &1 AP, SRS ARNCAT 0 (I g6 A
A NN @, a, a,..., a, | G2 AR NS
N AR 27 SR @3 AT IR Tew
I A 2N T | (A

ean = (@, Tata o Fa ) /n 24
o)
amean = Zai /I’l (25)
i=1

OF I, SFF WA SR, 407 @S FRPRere
20 (@ ARSI Al 7j2iS 7j2i T9en A eiFe

AT BT @ A 29312 Frelfs |
@19 TR 52T AT SR 2did W9 8 e
PSR AT A2 ARG AT 77w
6 AT | G0 [Aa | @I 7o 1 27 | &P A ST
el (I AFS W A, S A STors 2o
TR 4G A | OTRCeT 20 A (A0 2l #Affire
G GHofteT 2et AT —

Aa, =a,—a
mean
Aaz =a,—a

mean

Aa n = a}'l - amean
TS 941 Aa 5% g 07 4195 @32 o fFg
g CF0@ 2 2o A | g 77w 6 | Ag) Tl

SDIVERAS)

(b) 9 = goetetia siifdfess siete aigfeos aifita
(@) eI Al T 775 GHFC 517 T 2T | IGF Aa
Bl 9w T 77 |

IS,

Aa, =(Aa|+|Aa,|+|Ag,+ ...+ |Aa))/n

mean

mean”

2.6)

= | Aal/n 2.7

1=1

Tt 7fn G W YAl $fF, 9@ SN @ W

AT O ofel @, = Aa,, 9T A AN
I |
ERIN a=a, * Aa
T,
mean mean as amean amean
238)

GRIF @RI @, digfos qifkiba ARk @+

Aa, ) SR (a, -Aa, ) -7 AFE |

mean

(c) SR 2AR=E ol o7 ARRTS Siteifrs g At o<
9i6(8a) TR S | NG G Aq,, G ARCGE
AT T @ ST S#ire 281 SAfRSe= e
|

mean
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RS 96 = Aa_ Ja 2.9)

mean ~ mean

Y SIS G o 2 T 2 O OIS
*oF 4l Gib (8a) I 2|
la_ )% 100%

@3, W q% 861 = (Aamean mean
G S @ Brize [Rava 99 —

(2.10)

b iz : 2.6 SO AR AL G W WG
AT 6 AT AT F1 257 | A< 9fre Yo
12:00:00 BRI 2 #19 :

9T -1 9T - 2
QNN 12:00:05 10:15:06
TGHNT 12:01:15 10:14:59
I 11:59:08 10:15:18
EEMGISNIE] 12:01:50 10:15:07
A 11:59:15 10:14:53
LIDSIES 12:01:30 10:15:24
BISEIG] 12:01:19 10:15:11

OfN a¥ GG ST TR @A TN S
ATTNTHR oS! AT | GTTHTG 9N (e SO
oW T ?

Taq : 7 T AR O SRS e Al 9fe- 1, @
9 162s G 9fS-2 G (ATF 31s | 9fS-2 G 51T ATIT
BT A1 @7 91T 215 AwF 1fTx 47 53! | gl
= 6 wbl SleoRfoldf w3, el 7wl W« 6T Hare
FeNfae 1 1T | FiTerE 9fe-1 @7 G 9fe- 2 witweg
ARV | <

o2 2.7 Nl &-‘Jﬁ ALY MISTCRT (MleTo<PleT
s{fasiiol FACA | A7 AR 2heqt 29T 2.63
5,2.5655,2.42'5,2.71s and 2.80 s | I 0, SACIHFE
gf5 <1 *rowat b steret <wC |

CEq : M0 (MECd TS Mo FleT
(2.63+2.56+2.42+2.71+2.80) s

5

13.12

—S

5

=2.624s
=2.62's
@AY AT 0.01 s FRTere o=z sifaiet w1 =20
R A AN 12 T A AL i T | @R 9T
ALACPS W2 THfEE RIS A® A 7|

Wﬂ?@@i@ﬁ —
2.635s-2.62s= 0.01s
2.565-2.625s=-0.065s
2425-2.62s=-0.20s
2.71s-2.62s= 0.09s
2.80s—-2.62s= 0.18s

Rt s @, #IReR 3w 9o @ gioojens
GFF @38 2T |

I 53 GHATEIR Ao o (sl o1 @7 ¢,
SR (FRETIE NoJTET (WGl e
AT =[(0.01+0.06+0.20+0.09+0.18)s)/5
=0.545/5
=0.11s
«Q (AT QRN A, 7T (METROF (T (2.62 £0.11) s
wefledfb (2.62+0.11) s =R (2.62—0.11) s 2.73 5 &%
2.51 s G WY ACF | 5 Goojrens aiifedfess oe 0.11 s
26 R SSACHIB GRS G w191 gff 00 e
AT T GRS *OIA (FET (I ATAGH (73 |

T=2.6+0.1s T WEF AfdF #wfe 21|

AT (@ (T IS 6 SfTeacalay Fie @b 5 @R 7 @7
S T Fg 200 AT | SR @2 e e 0 HAifT @
SAfICoa G Sl oRisjel oes 724l witR | Grte wiesd7j
s AN 4G, fSaiay oies 2 @k w7l 6, @ gfo
T[T | (O SoH 2.7 @ SlsTsjef Sremiapiajfer 770
TS GO AR |

92 SUIRAC (0, SCHAfRRe 6 i *Towal 9ft 2e1
0.1
da=——x100=4%
=26 <
2.6.2 g6 7AW (Combination of Errors)

I SIS G G S SR @I SN AN oA
FACO T, OCF T2 SRS A AR AT9YCACS 26!
HATEIR TRRCS TS B | TAIRTe FLA 2L S
IS T ©19] I g 2183 AT | I ©F G B A
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sl

@ @ o o fFeita 2ifamns Fata 2 (How will

you measure the length of a line?)

2 2RI SR A7 oS w12 761 «@ff 6 FpeTe ot |
g @3 @2t I el 9 =W, O F 2@ 2 (O
IO A T @IS G0 AN (zigzag) (A F | 56
R, G 7 iohe 43 o 72 | 9 46(G 77! (7, i
I GAT T, STOIBTF Y0 @F ) (0ot (T |

QL FH T (T (OIE SO AS=Ae! Al (e =7t A1 7o
(@ COHTR NG| (AL (railway track) i Pﬁ% ey
(211 76 (TR 0 AR e AT 20 | 9 Sy 3fit
Sl 1m 3l 100m *% T8, GF @i IR A4, A7 IR
SRR AT AN T Ae 23 o1 Gre ¥ @
¥, I @ A 20 O GoFAKE SIgAITS S @R 2 |
ey, @2 Reie Fite 4o 20e 107 | 92 TiFe 95
TSI SOl NCZ | 15 8 (FEATA SO ST o
Aliel SIeT] S0 (5 72 (eI FplR wferer=icg Seafie
@2 T Al T |

@3} @A o 1, TEE oot wigfie (@ @A e
8 IH ST eT® 2, T el i | SO e
BT R T (LA TG 5 17 AF |01 A0GS W
FETH 32 72 9 A7 SR I ST TR SO
31 R AT TGS AN i oy TS oy (rel
N | @ BB ToR GHHTTR 0o TS! 1S =il
o | SR ABIF AT LI A2 Tor S G2ojfet f{fem
QU A 0 0 | ofeee i el w1 =

P it 2@ T35 +17® gt aFem a2t T AN
@I AT PTG SfFos F© 476 T4 I | I 9
T g ble, OF ©ite % 2RI A2 FACS 20
3R TS ¥ (A 2T | 6T T 3 S SR s,
sifers, fSfml w3k eRfefmim acarew | ot wEieE
(fractals) ©IfgS AL el 92 2FTOIBITT 9
G B3 | G [T 2ie @ YT AN AW G TR
D! FRPYisT F1 AT O 7@ o | T 97 8 (AR
TE (ATF <5l 51 2 | 2P - ([T €2
W’C@?WW@, FIBIE (fractals) €3R (FEA (chaos)
o s7eifFe T SRR (It O T2 AL O
R (AR |

QI AN AT G AT O SR @ AL g A4
b SR Tl | G A iorE e siifdfess e
(operation) giboteT AT T2 ST 2 | GG
s RS s IR 394 |

(@) @3 @A «Fo [ATART GO (Error of a sum or a
difference)
211, 1o AFFos A 4 G2 B 97 AR F=9yfet I
A+ A4 R B £ AB @A A4 €38 AB O 751 4o |
7Z=A+ B2 @R AZ R Tare 52|

Mol FCI RN 218, Z + AZ

=(4 = Ad) + (B + AB).
7 «F A AR g6

AZ=AA+AB
Z=A— BI S SSEl AR

ZxANZ= (A xAA)— (B = AB)

=(4-B)+Ad = AB

1, + AZ= = AAd £ AB
AR, AZ o NAH TN A4 + AB.

wrodd, faeeifs : a9 o wifE e 3t R <= =5 o
DO THAIT(ETE 719 g T Fo AT A7 giod (@iorwa |

P Twizad 2.8 3 AGARGR W 1t a7 wisial
A=) 0 #ANeN (96T 7, =20 °C £ 0.5 °C G2 £, = 50
°C+0.5°C.

SIPNIAIT A2l @3 ©ite gfo fNefT et |

Ted 1'=t1,=(50°C+0.5°C)~(20°C+0.5°C)
£=30°C+1°C <
(b) @=(G 9¢ A1 @S(6 ©T94 G (Error of a product or a

quotient)
LA Z = AB 932 A€ B 3+ Aq 7P 4 + A4 € B
+ AB | OI2C

Z+AZ=(A+AA) (B+AB)

=AB+BAA+AAB+AAAB.

ANPPHCE Z TR TAATE AB AR 1) I S o413 —
1+ (AZ/Z)=1=+(AA/A) £ (AB/B) £+ (AA/A)(AB/B).
@Y A4 € AB (=I5 (F&), SN SITH Y10 ST
FACEN |
STEAIR A 77 gfo
AZI Z=(AA/A)+ (AB/B).
(OISR 720 ABIE I I6I00 A @S SITe T 797 |
Srowd w74 ¥ A e A St F9 77 o

FeAwCe SCoFFEE it 2@ JaFTeR SeafFEE gioe
CqFe |



T G3R AT

27

TWIEA 2.9 @M R = V/I @ATH V= (100 £ 5)V @R
I=(10£0.2)A. R 93 *ro521 gf6 faefa 4 |

Teq Va1 gfo 5% G [ @ «afb 2% 19093 R @7 GG
M 2@ 5% + 2% = 7%. <

B Tiz=el 210 R, = 10043 €20 GRR, =200 + 4 €2
RN AT 0 @I (a) @I, (b) ARSI 11T TS
(a) (¥Ifel STSIRAR S (b) NSNS AIAUNCIL G (e oyl
1T (a) GIEH R =R, + R, @ (b) 9T &=

1 1 1 AR’ AR, AR
—=—+— @GR =—>+—2 I
R R R, R?” R> R

|

Ted (a) (I TR 9o7 @iy

R =R +R,= (100+3) ohm+ (200 + 4) €2%
=300+ 7 €3y

(b) AV AN O&T) (1

o RR, 200

_R1+R2 T3 = 66.7 €%

’ ’2 ﬁ ’2 ARZ
AR _(R )R12 +(R )R22
2
:[@) 3+(@T4
100 200
=18

R’ = 66.7+1.8 973
(Sleis)ef o1e 3217 fmcst 1w 1enlfs 4T fIm AR
& 2 93 ARATS 1.8 311 21 371 23) <

(© 9= aregs “Ifafsre 7= gba &= (Error in case of

a measured quantity raised to a power)

A, Z =47,

DG
AZIZ = (AA/A) + (A4/A) = 2 (A4/A).
TR A’ G SIS g6 4 @31 qo7 fagjel 27|
AR, I Z =47 BY/C”
G
AZIZ=p (AA/A) + q (AB/B) + r (AC/C).

wrodd feh : k 9iTe THe aigfeos aifE witefH e gf
Z71 oy AR StelfFE gioa k 9F|

Twigdd 2.11 I Z = A'B3/CD? 3 O[F Z 93
SCofE gt Mg 37|

Taa Z GRS 6 261 AZ/Z= 4(A4/A)+(1/3) (AB/B) +
(AC/C)+(3/2) (AD/D) |
<

b W‘T 2.12 kﬂﬁ‘f"@?{ CAIeTCPI CUIeTCd ‘7111/1%@16’1
T=2nJL/g |1 mm&s AT L «3 sif7fire

T 20.0 @32 1s f{Feeaet 0w @ 2re 9f%x 100%
(RITCATR SR 90s 21T (91T | g @ ST feieftay Al
9 ?

Ted g=4mL/T

t At
G, T= — @ AT =— .
n n

AT A
T, ?:7" L &R ¢ T o)t w47 g6

O,
(Ag/g)=(AL/L)+2(AT/T)

= £+2(ij=0.027
20.0 90

2, g 7 *foFal g
100 (Ag/g) = 100(AL/L) +2x 100 (AT/T)
=3% |

2.7 Siesiejef Tres 72T (Significant figures)

TATAT A SAT Ao AT gfogs | sz
AR FAFACE QIO AT FICO 20 Ao 2IfMf
el b T | ARSI, AT 2 =410l «F o
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sl

TR AR N IR Yol TIGT 2, Gl fSAaIay @)
2 I&HS HeH! A | FEACAAN SRFTAR AL
@R ALY TF*ES S R @G AAE SlsiTs)ef e A1
N A A | SN T 3ot 96 e I (HieTeTpe
1.62 s OT SR W0 18 6 A Woacaiay ¢ [ixve |
e 2 7o SRES | FICEE AR A foq wiew i)l
S BTZ | GF6 TG (7 AT 217 287.5 710 2o
1 T OIS 45 Siesis) ores 2l — e 5 ol wfaf*es
59 2, 8, 7 SI|EN AR5 | =159 : sAfTmTer 210 epie
Ol 5/)ef e AR (BT (I S S IR =TT o
AT BifeTe 203 TRl Gft el 2wl 9 et di=el (e |

0T Snizgeete Sieofolf S s [Reftaa
fTRI9ITAIE JRITS AR T | A{TE Trafe @, wiesis)ef
e AL 0 T AR TN A ATA T S
TF @7 ol frSaiet | @3 SR @F 9 (AT S+
G ARTET Olesilef Ties TR oARST 27 M | @B
gl TF FCHa @RSl AR 1% 0

(1) SREFerFg, 2.308cm T 47 Siesrsy srsr itz | g
fafen 930, €3 MG AT 0.02308 mFt 23.08 mm 3t
23080 pm 0 |

AT A Ol wes AR B1Af (SR 251 2, 3,
0, 8) | QT Oral T (& IS Ry SR I wlesffopef
e TR e e e A |

TmzRell (T s et st 2 :
o T T SFfe BieoRis |

o WHRF fIM @A AT T (7, 12T S S
NS g e oterele |

o 193 (bW FT (FCA MATS wifiF g7 vAlwcE
21T S ST SIToR %o SleeRiRie | [ 0.00 2308
TR A5 @& )Tt Slesio)f Sres 77 1],

o WifiE {4 OIS (FITA AAIA R %+ A *[=yocatt
SteoR)df = )

[®2 123 m = 12300 cm = 123000 mm & =6 Slesizsef
e R, ST #[( AT Sl syl 17 1] oI A=
LTS (0L AT |

o WiF Y I (FICA MAF CITIF *[7 A *Focent

lewroye|

[3.500 =121 0.06900 Aiefera erersivee 416 6

Sl o) S Rl AR 1]
(2) ieER e = Al *ware e g [e@ife 5% zte
A | 431 TS G THTF 4.700 m AR 20 T 291 | 451
~Te AN (@ GUTAT 79y feT AR 7w
(precision) STCX AT W3R B3 G SieoRf7ief | [l @ajtat
N 2T, O G REMIt (141 S, asifire 2ol
RGO 4.7 m 2 ] S Q2o «5m9)feT sifaaee 3, ©rzre
4700 m=470.0 cm=4700 mm=0.004700 km
QR IS AN (I FALLI I e S epef el %[y
26T THATIT AL (1) (AT ST G PN FACS
A @A 6 oy oren 1ay; Tfne qre 4% wieswo)f
& TR WNZ IR (FIETHG GFCHT ARG wlesisgel
&R ARTET 27l |

(3) Oty w1 TR TR YT 0T ot St 7o Fare
IR O RS 2o AT AR (@@ AP
TC 2 T (10 97 A9 | 3 FLCHCO AT HLLCF
A T 2T @ x 107 0 @A ¢ 29 18 10 97 T4379f <5
MR G3R b ZE10 GF GIF Al ASIE (F 9F o (Tl
1) | (I AL G0 S L=l AT ey SN a
TRYIF | (a< 5 GE) @ =R 103 (5<a < 10) TS ==E
FE (W] | IR FAIE ST 2] 1 @0 AN 10°
B, @10 G I3 (1 A) b (3 @0 27 AIFies A
ST 3 | T (FAETANG G Sl ARG 27 0L A
10° G T 2 | SRIRgerag=l, =< W (1.28%107m)
3 107m IR N A 7 | 2RCGISH AT PR (1.06
x107°m) T 10-'0m, T G AT T 10 |92 ARG DR
ST ¥ QRGN (BT 17 TG |

NS LTI T T T 2L S 7 | G2
(a) (o TraTe [T AT 1 :

4.700m=4.700 x 10*cm
=4.700 x 10° mm=4.700 x 10~ km
Sleois)el we e [ TS 10 @3 9o AR | w5

RIS AR AT A1 1 AT ool | arwta
B 7141 475 T S ATs)l B 7271 NI |
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O W ACFCOT 4T (a) @F (ITF A *[7
Yz @ K@il 9% w1 | 921 0l Sieooye |

(4) AR LB &) (A P IR | [5g IM

U &2e! 7 1 2 O SR ST SRR 92 ferzrsiafeeti

(IR S

o (I WHTT OIS 1 «F (BT ATT! AT FRAA HITTA
fwtaa = (TeT) Steorisd w3

o I T MAF (ITTa wrwa (AT Sieorivi<f

(5) 1 9 (BT F7 AL (@ 0.1250) IS R asiwes
0 S AN I 2 T T Slesio)ef 77 | Frg @7z
TR CITET AT AR Sieoojef |

(6) 9 A ST STATFYCEAL (factors) TR ASFRER A2 7
1 #IfF1 1 W T O e G IR Sk Sl el

d
e Y] AT | TiRgel 797l r== WA §=21rd YCEIREd
2 G5 NG 7R @R T 2.0, 2.00 31 2.0000 T2 T ATAIST

t .
Sl @74 TS AR | GFTSIF T=— @ n G frget 712 |

271 oleodsd s sAifeaifares afsaerens frm

(Rules for Arithmetic Operations with

Significant Figures)

(I T SRR S FSfe TR sihe AR Feiee
(wrefie (@ R Ty SiesFopef ores 72y Hfire) oFe
AT T FOHF S5O B2 O =2 Aforlers
27 B | 37 Y& Affie W (@ @ AT zre
AT 71 A T Tl fofe I =tz | AL pors
FAFADBTS AT S A2 92T &7 2 74 (A
@R 2SIt 91 | 9SItR, (@ ¥R ARRe o M
4237 ¢ T (NLT O 4) G G A wiFes 2.51
cm’ B O (FIeTIG AAfATeR ©lol vl @7 g 2
1.68804780876 g/cm’® T 11 WS R #® | qTg
sAfawicos fefes|rens sFsel qwea Siae 9 e q©
el G Ty Al 5O e G AT |
el e 727TE 2Nfbaifae afswm fmfarie fmejgen
AffREe I @, @I AT T o LR Al

TRt 27 T fSafare sifdfire Sitas e et

Aeifsoy :

(1) 9 A SITat el FAIHCETR ML TOb! AT S A

Tioe Tt T T L F SIS o IR 0 AR |
B2 TG SHIZAT! TG forl AILT T AL (@74l

v |

_ 4.237¢g
2.51cm’®

ORI, I (ST T SN AfOT791 3.00 x 108 m s
(foaf el oresr RIRNG) @3k @3 = (1y = 365.25 d)
Z 3.1557 % 107 s (A6 A< wes [7RG) @< =itete
AT 9.47 x 1015 m (o115 A<l T&RRD) |

(2) e = f{Tae el pele Fewied Sty wikiiad
217 Tob! o A Tfow At (@it At Rraet elfsite A
FRAJYTAR T (@ FRABTS WIETFA 19 T
T ATH, OFF T (T [G5) |

Swizgerag7l, 2Nfbalfdres @R R 436.32 ¢,227.2 ¢
@ 0.301 g AT Q@I 27 663.821 g | [5g
ARTINCo JeTon TN (227.2 @) I IFERE =TT 19 |
G B FECE 663.8 g 7T round off 1 TH@ |

GG, T SBAE ARSI 2w w1 T
0.307m—0.304m=0.003m=3 x 10> m.
AR (T, 9 8 SIR ¢ 2tarey (1) 7= fazeift @il e
RN G0 SIS AT 99 ) 3R (@I SwizRelbre
664 g R THIZABCe 3.00 x 107 m (F Felze] ZAE
o | @2t sifasce TAefeis AfFeia a2 0 |
@iot @ R ¢ @2 7w wifse SR A |

2.7.2 WWM*6E WSFTAR SRR (Rounding off the

Uncertain Digits)

3

=1.69gcm™

@R N A @ S50 S AF O A
T Qi‘T/’R?UT?I qﬁw JIfFo I @eT TH® (rounded
off )| Tf TR offereta SR (rules for rounding
off numbers) FRANATAICE TAYL AT SIS
ST SR (FCES ST | 2.746 (F o] 712l o
G PR ST sifere T A7 2.75 T @A
2.743 7RI 203 2.74. A SEPAC sl ze1 7 Sromea
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sl

o (SRS MR @RI o) 5 97 @ 2 o
e w1 AT orenl =, T AN G2 TreAR
S 5 GF TN T, OF 777 o wARE G A4 7 |
T fw 712401f 2.745 22 O N0 SrAAR B 5, 0
20 2 QRN 22l @ (@ 3t 7S o o 21 1 oA
S (20T (e T R A7 Gf6 oA =7 $F sl
S | (FCT T | 04 324} 2.745 , Fo MefT w15 #13®
AR T sifiere T 27 Wl 2.74 | SAATE
12,735 , T 11203 w1 7K@ 5} 41R off o sifiere
T 57 2.74 T, FRE 7779 O gy |

(I g SO SO, NLTST AT [0 AL
T (AT 9T & (@ N o, AT ANl e
5T MLT W A7 R fforets sAfre I
@eT! A | GFTSIE, GF TR AT T ALF o
AL® G (A *[7 AT AT aAfsTaat oy
2.99792458% 10° m/s TR 7ol AL offro T S 1=
3108 m/s , Tl 9MITE CFCG ARZ %0 2T | (T 7@
A FITO (I CAF W TIFS I AR (@A

L
T = 27r\/: 9 21 GF AL TCET A SCHF (@A
g

(SR 1t = 3.1415926.... & N ST @R AL o1es
% 27| g owg [T Ao s AT sresa
ARG (O 7T @9 W 3.142 71 3.14 fte «iieat |

WA 2.13 (T I(F AT AZA A2 7.203m |
AIF ALF T AT G AN S CFATe
IR ST e 39|

Ted : Ao e A S AN 4 | G afeeT
A% CFITH IR STGF 4 LT SO o277 2fferer
(round off) ¥ Tbw |

T O (FqGeT =6(7.203y m’
=311.299254 m?
=3113m’

KOGEACIRICT| =(7.203)° m’
=373.714754m’

=373.7m° |

THIZRG 2.14 (I 2T 5.74 g G NS 1.2
cm? | AT K T3 (G0 G TIGCT AT T |

Tad : HAfafe o 3 © AT uss, ofwEE Ao
SO (@ 25 AL s g | ©iF G
(TG 9o eF W 217 T A T T |

5.74 .
~ 1o 8
=48 gcem™. <
A aAfeitea SemiaTea Tawted AfEvTe

fefiarea fmm - (Rules for Determining the
Uncertainty in the Results of Arithmatic
Calculations)

A afdtes AFI9wEITe A< / AfRie A sfsre!
3 g6 fdiaet sifFe frmarics fefaie Swizars
B @RI @CS 2N |

2.7.3

(1) I ATeeT STeF 2o ) @ 2 @36 [o
=T TG AT 219 I 16.2 cm € 10.1 cm ZeT | QAT
ATIF WMo fods T AT oI Sz | @7 9L @3 @

W | & @ AT
[=162+0.1 cm
=16.2cm=0.6 %.

OIS 272 b (F @4 AT
b=10.1 £0.1cm
=10.1cm+1%
O Qo ARG IR 2t S0 12 (31 wreliR)

AIMHETY T YT o
1b=163.62 cm?+ 1.6%
=163.62+2.6 cm?

@ TwIZe SIS SR S w1 @it forare iify
Ib=164+3 cm?

QT 3cm? 2T ST ATST (R AT 21 gio
2] FfeHre |
(2) T 2T STAF G G n TAF AT AT
TTE ATS A ST ALAGH &A@ T8 n ALF T
T (34 TCA|
w2lifs, 7fft ST [as 1 27 Ot ALF Srssa ALt
FACA T
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Tz 12.9 g — 7.06 g, TEH2 for ML O o
TS 3541, g 0 5.84 g 02 TR 41 A (TG
5.8 g, T TCA | FF (9l A [ FANICTT Ao
e 3 fon a9 1IT 27 (@ Al R
A LT TKYF AT AR ™I =TS
ARA) |

(3) (I FRATA T AToATFT gD, T AAHS e e
AfT (RET T, (FIETG n GF ToIF 7T, T4 2AWE FRAA
Torme e w1

TrRerFgst, ©F 1.02 g @ SAfFSIToT q2iefel £0.01 g @R
T Ao 9.89 g @ IS £0.01 g.

. 1.02 g @@ SRS gfo
=(*0.01/1.02) x 100 %
=+1%

GFBOIE 9.89 g € SRS g6

=(+0.01/9.89) x100 %
=+0.1%

ST ST AT (ST Q1990 9141 ST alelai
FAYCART LTSIIL AT, TeTos %= 2/ 71 (AT 90
@ AT e QL TH® | O PAE Q9te T2l
JHIE I SR HAifbaifde afiajen s F=re 2w,
o] 1 7T AT Gib Sl 20 A | Trizge 7, 9.58
G SRS G2 ALEF & A7 (3) @ I (ABTER)
AT ZT 0.104 GF SIS S AL S&S FRAP Ao
P 9.62 | &L, TM ST 1/9.58 = 0.1044 FTaoi @3
O G SCANE o] ALF S AL (FETN 2
¥ 9.58 GF AT (@S |

2 TwIZR, TG 19t ST ool S AT (Pos
¥ SARATAT S FRLT (AF) G0 AT e AL
YIREl O, TS TR AR ARmaw wfefe g
Gl AT |

2.8 c@waﬁ*ﬁ;tcﬂﬁ @l . (Dimensions of physical
quantities)

@I (o7 AT 2Fs @71 Ta 7= A T & | 71X
T Bl Foitare 71 (ST A, e anfis
]l 3T AR AT A F @0 AT | 92 36T
TS STl Zﬁﬁﬁ%ﬁs GO A6 WGl @, A

O I [ ] W e 11 7 | gSitd e Wil 2
[L], S&F [M], ANGES [T], ©fGe 2izsial [A], Sistareim
SIS [K], R &1RET [cd], 9% WIS 2ifFsicas st
[mol] | (I (ST® AT M@l F00 @RI @ AT T
FACS LT AR (@ AR (3PS FR) T 2 |
T QAICE, (@I ARG SRS worg awe (reqg o1 «3
@ SR @ AR A 2R FAR

e 4 (ST ARSI [L], [M] @< [T] i@l e
TRl AR | TIERe T, TG A SRFS SRGACH e,
ol @ Tel Sl foaf e jereet fu e <t
o | GG SROCR Al 9@ = [L] x [L] x [L]=[LP=[L] |
QY ST, O 8 T ToiF fT$q T I, ey &l
R TS SEF @ [ [Me], INEL NGl #[+7 [T°] €3
e St foe |

IS, I6T(F ©F 8 G PTFRCA GOl AP
1 I —

T =oF x qq

= x (M) /(T

IR W@ =S [M] [LY[TP = [M L T2 F&2 0
(Force) T4 W@l 1, (MTHT @l 1 @R NI a2
QT ST SRR Sl #[7 |

AR (@, QAR [RIFere A=t [afoe =7 1)
TS (ST AMISTAR 96191 AP AN DG 1912 @I
A, e @, siere, oifew @91 ¢ gfe — @i
Wia {esaeeE cwea 9o A, FiFe R 0 /
ST LA A T AT GRG0 @t [L]/[T] A [L T

2.9 IGPE @R @ AMFA (Dimensional formulae
and dimensional equations)

@9 coTe Mg st 9 29 Q@ JE (expression) T
G (I AT (@I TR F© N oIt | Sriggel
F | SRASCAR Nl @ [M© L3 T°] €% (39 A1 gfed [M° L
T | 9FFSIF, [M° L T SRER O [M L3 T°] ST T 09
NGl 9 |

(I (ST O A 0 | FISR ool A
AT AT IR O & AR Ml AT @ = |
©IF @ AN 251 68 FAAF T A (A (9T
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sl

At e Afefen e st iaiafer faoi<e wat o | Saize
071, SIS [V], g [v], I [F] @3 ©F 1% [p] €7
R AP TSI A T @S A

[1]=[M°L3T']

[v]=[M'LT ]

[F]=[MLT?]

[pI=[ML>T]

CoTS MR Ny T FOH T G TN
(T NIl A= AN @ 21T | 7w coto qifAieeen
TR T FCF @ T (ATF Ty @3 e
AqE ARG -9 9 S 2R @9TE! (OISR
RIS FAR 3R SIS 2T FICS I |

2.10 i@l [AeeEet @32 @ 2T (Dimensional analysis
and its applications)

(ST S I ey Sl gelfar Ffon 24w 7o
251 (TG TG (ST AT TR0 @i A Rl
T4 @0 A | Wl Ko v @, ffen cete
ARYTHAT TG @I T=0F 2feD T AR F0F GR
fafen siififes Al afew, TMiwel wi Ma Heifs i
TGOl P RIS |

T4 92 A OTOIET (STe AR A 97 F41 27 o4
IR GFFYCENE CRFCN I 1 Tow @ =il
reralfeiORT eIt el FCH AF |79 93 TR Al S
GFFYENE SRl R @ Fa0e 2| @36 (oTe AR
AR e @it 7oy | GFESIR, @I SNfafes FAFace
T 2[TF 2OIT Bl ARG (STe AT Tal @2
267! R |

2.10.1 FARNFACOR M@T AAISF 29 F41 (Checking

the Dimensional Consistency of
Equations)

TS AR T (61 ©=E A4 @iol 11 el
1 A T4 SR Tl G52 TR | S ] TR S
(@G NG AT @iel A [ial Face AR
B2 (@IS AT ACH! (@9l (A Sl19rS Sieial (s

Sfve 2z {Ems w4 AT 911 @2 A9e Ao WA
g TS 761 27 @R 9T AR @ @I ANFAER
frgeTe! s T2 A7 | 7 @I TRNFAER 7K 2w gt
S A 2 O @ T wet 20a | ST, 3fr S
@ 96 TG O (I FY) 9T G (P TEF SR
3, Ot (@ (e AAeTS AOF AFTS AN, O TGO
QYT e ST AT SRS Mq1 S 2 A |
GRS W ST giow =y AT oA I, O
G AT A TS ATHS WA SR @ WG
SF AL T-].

Tt (I ANFACR FgeTe! At %=t (correctness) WG
AWZ T O & FARFACERT Ao 2elfis A wT Gy
A< TP WA G2 S 2 | g, @l Aeifo @i
AN RS 2977 AfewfS v 1t 1 @t @R
I SCHFEA CF0G 17T SfRES 27| RO S
@M @ farafifes, sanfmiie g3z R
AT TS AT SCFFFATHA AGI2 26 7T |
G ¥/ TR, U2 ABIR (STO AT DA, (T &R
(G SIS () ne), SIgoireqrel afeoaies (<
SR AT/ I NG S aiferaal) Tepifa
CRICT NIl Qe 1 |

Q= SR e TR N A@ifs 31 TrTge!
AIH FI9

x=x,+v,t+(12)at’
@A x 281 (@I 901 A TG @l £ 5 9 oG 77
QA TG £ = 0 AN SR x,, (AT AT (=l v,
0 Al %7 T 93 ©IF 9ifex S FIeaed e a |
ATOTF AT Nl ATl gt
[x] = [L]
[x,]1=[L]
[v,21=[LT'] [T]
=[L]
[(1/2) a #]=[L T][T?]
=[L]

@AY G2 AN T &St sitwa sl 2t e
A QI I (AR, JoTR MATSIE @2 F1elo
frgs1 At Afds 7wt |

AR (F, 3% NG|[OF 28! SIS W@l Awifox
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A O (LT T A @ g T 1 | g @3 e @3
SR (I RO 45 G0 &) Qe 2 3% G0
A7 9JfTes at Tolgjfaes qawey FoEER Hel
SIS T (FI ARG T <1 | SIS [ AT -
@ M @I T 92 ASS AT P 27 O
@t e 0 P =03; g 3 e et =3 oeq @i
g e P 2 11 | @OITR (FIT AT * w2
FLNI el 2 115 g ARSI e | St el
SR g 20 |

P Trzaa 2,15 Sl s ST s

—mv> = mgh
> 8

@A m W ©F v F WO, ¢ Sfeer el
G2 /T | A I (12 G2 AN TaTei
forger a1 Ao ol |

Teq : IANATHT WAl
M] [LT'PP=[M][L*T?]

=[ML*T?]
TINSTH WAl
[M][L T?] [L]=[M][L*T?]
=[ML*T?]
I @ T WGl A, O G2 TN NI
Ao | <

< TnIzge 2.16 S1 Awfore w6 93 J = kg m?s2;
9fOT9 L 9T m s GI G ¢ G m 52 | A (K)
R Gy QIR Y 9 (I (P0G WA
W T2 (m I ©F) ¢

(a) K =m? v’

(b) K = (1/2)mv?

(c) K=ma

(d) K = (3/16)mv?

(e) K = (1/2)mv’ + ma

TEq : ATOIF AT @ A ANSACIF TSI #[TF Wil
TSI QP ST | SN, (e I @t w17 Fifetaffera
et Al ol 1 A | THHATHER AT W@l (a) 9F S
[M2 L3 T2](b) @R (d) @&« [M L2 T2] @38 (c) 9 ey

[M L T2 529 (¢) 4K TIHoATHS ARG @0 A
gl (w2, T Grepca fom saiz qib i @iel w1 2w |
@AERY K @I 3@l [M L? T2], 79F1R 79 (a), (¢) and (e)
ARSI Ae© 7 | FTHAR ([ A Y (AT 7T A =
(b) A (d) & T (I AIF 7 | €3 Ty I 2o
TG (ST 6) (FITS (A | A5 A5 9@ (b) @ crea

ey <

2.102 fIfew (Ste FIFF M0 TF ToofT 41
(Deducing Relation among the Physical
Quantities)

TG Ao IR T @ATS 2N | GGy AR
GIFCS I G0 (ST M (I (el Sl (010
Toix s 0 (Rifes [l (oo Fif wi2at aaare
Fog AR TR T3 TSR e Ko aitex
@G AT ORCO 2 | G5 SHiRRY (Fe] I |

= TrIzge 2.17 @F IREAWES (S AT T =)
GG (AITeTRC 0ol MCR (T JFTC (re 281 @
3} SIfSer SR SR (T | 49, AR OF
(I Sl O 0 (1), PTG 3 (m) @3 Sfeder
W (g) 9T TAT ST I | WA Awfe 72T
I(E GF (IR 39 2SS9t S|

Ted : MEaSE T 9T [, g 93 m TRYTAR THAF
fISTRETONE GO 9JelFet ool @71 T

T=klFgm

AT k AR 47F E3R x, '8 z ZC 57 |

TR ATH @l G @RI 7, S 20

[L°M°T' ]=[L' J'[L'T >’ [M'
=1t T—Zy M=
BT 2ATHT WG Gl I S 24

x+y=0;2y=1;,9Rz=0
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ARt

q, T= k\g e 39 SorM 27 | Tfte AR gIFotEna W @3

o I (@ GFS k GF N AGR 2[ore e IRl | @3

Arfore fefa st T | MaT 2= 7t @I AN
(9T AT ([LOF (validity) 20 01 T, @C

= (P G- (G ARG TG 2 eI G S TR W [T (STeaifeeT Aos 7=oF » 5!

TE A P GTO NG AT (@I DO AT o |

0 AT | @l @2 @ Fo [iow et e

I AL 0O AT A |
- = 2w |—
AEOICE, k= 2m [T, T J? o e i SAETE e o S
ReeT wreits [ReMe F0e A T |
HE ALCHA

10.

11.

12.

s 21 (STe AfejtEna Afiwics fofers « AAfem e | g oy (Sre A @mw v, e, 7,
SfTeediz, Ot TSR SloEIIE!, AT sifste @3 Aol 2REts et At Ghfess A o Az w1 23 |
ATOIT TR A (I o1 G5 (@ FIBHR, [RFTAIR, G, ShfRIF, @Fie, GIe G HITSe)
frr el 71 22| S @F% 29 oeeicel ARR T g AN WS a|l el M | 5
TN ST I 2R I A T 4 |

S (TS A AR T AR (T Teofw, OFl 36T GFFATAR AT 2FRS 27 @32 SIvd
GTFTENCE T G o] 2 | 3T 3R T B G IS G S T 23 |

Arefb 36T FF TR o6 IR I @ ToF 2=(fS (ST) 25 TS HWEH[OF B 91 S
s G G2 AwfS Al FRIATS Tl g = |

T A 93 3 M (AT A w7 AR [Riew (9T #IRTH S1 @ 35S 23 | g o1 G0 SI
@ R I (= g, 1851, 831G Toifr) a5 1 23 |

SI GFFTA PR G AT OFHI FF© Ao (@ SO o m, AT o kg,
TS G S, SIS A, GG &g N 3@nifin) @itz |

(=I5 3% I AR (OTS ARATE 10 G AN (TSR AT MCT A 1 & | FRATE
LISt W Tl SARTToR 0 G- ARRIT ool FRENFo FACO ([T AT 38 ToAef
AT 2T |

COTS MY ACF© € ST G 2 LI, g o) G, 3% (0TS AT G AT SI
TN T ARSI G T Ty fbg A o7zmst @ foiiiaet sepiet w1 S |

@ I (ST AT AT G 0! I AT (& 1K JRTEAT 939 AF IS reraliiefioss s
f2ota RTTma T4 2@ T 1 7T OIS G AN AT |

COTS AT ARTHT Gy Ao 32 AT+l 217 0o 23 | #Iffsre Aif¥is|cens weis %
FACS T g T2l @ ATz AfEs b Riave F0e 2 |

AT @R steleTIFe AT 00 (T ATIF AL SRS A1 TS | (@ (e AR T NS
&S FRA e, @3 et Aifbefares afiefE I9e7 791 @3 SRS Sress ATfER T
fEwsyTeT SepEe 91 o |

AT AT NG R TGITE TN A AT 2AFROT Il 0 | Mol o] T2 @ entfen
A @R (ST AR T TS e Fa0e WA RO 2iwdis 21 AT | @ M@ Hers ATl
A TG 2 G (I SR (72 | g M@IoITSITa o A SPiels Feae SRR ge 20 |
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SEAE (EXERCISES)

TG RN TG (T AN, AL & [ 75 AT |

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

2.10

PRI 7J70 I
(a) 1em AZRMT G0 THTH SATOT —— m? G I |

(b) 2.0 cm A @R 10.0 cm THO @3 FHT GG TR CFATFE —— (mm)? G I |

(c) 18 km h! gfeTs 5ifeHieT @3 T 1s @ SfoFT I —— m |

(d) TP SNTAfFS ToTg 11.3 1 @I 99 —— g em> A —— kg m |

G THTT IEF (conversion ) AR X[FRIT 77 T |

(a)lkgm?s? = —— gem?s™?

b)) Im=——1y

(¢)3.0ms? =——kmh?

(d) G=6.67 x 10" Nm? (kg)?=——(cm)*s? g

©iol A *IfeT 9T FIR 93 @i &A1 4.2 T G 7T @A 1] = 1 kg m? 572 | 431 T S| G

ST 7S ST K A A S GFF ¢ kg GF T, (HTHT GFF S m G TN, AL 455

2T s | (TS (T T GFFCHAT AICATF G FARI N 4.2 o f2 2|

GO g2 YRS 1A TR+ QT s R STard =1l 63 el WA A 0!

(RITH! 751 L2 | <3 (2ol e RISt ataie Pt o 16w -

(a) AT Y CRIHI TG 2T

(b) (T TTTISRIS STef{aF STl 5T |

(c) ITifea o ot (& |

(d) I @6 FCFF ST A NS (@] AR ST 417 FCH |

(e) ¢ (2T G ARG (BT S S |

(f) *ITw= 2o SR SSTICH BT S 3 27 |

T 936 Tl 4FF GITSITF RIS T 2 TS ¥+ TNGTH AT IS0 9F 95 | T

B TGl GFCF I € ST ) YR F T T ST § min 20 s 9 G2 G7G SIS FC 2

ol AR gy frfere TgejreR St e w=iterw e g e

(a) «=f5 wifef Fifersit T wIEfe: (Fat 201 T =iz |

(b) 4G F Coler A= 1905 (pitch) 1 mm G BHIFIT CFCT 1007 =171 =t |

(c) 4T ST TG T TNCHAFSATHT LS| (7<) AT FACS 2 |

I =g 100 RIS 936 SieSrerg e @36 s prera @ Aol 36 | ¢7 206 otz

F(E AR (TATS 2 (T DG} TFHF FROCHCE LA (34 3.5 mm | HTaTd ([ aiefal 20 2

feriis episjfers Tea vl

(a) COITS @G 770! @ «fb B (Fet (e 2o | gl eIt Jo T Fef a2

(b) 96 F (50T 515 251 1.0 mm G G I (R T AL 261 200 | 9f 6 ©1=e ~Arean @@
BIPI CHICET 91 A CTRI G W= F (5I0ere o] I 7 20 2

(o) Sifam ifersiif armt @3 2wl fPretem wrea o1e I AT 203 | JICR AR cwea
&35 516 Mo @ G5 (set) woem 100/ eoiw @ G =t wift epreatey s
NS AR ACF (el 2

(I G T RGN 35 mm FRIGT G 1.75cm? CFazreT 10et 0 | RGBT (el i S

ATHE 1 267 G AN G2 AT (FGLe 1.55m? | ATHFAT W 1 0T (@RS @ 3o 2

e siffmicea A S 72t @l
(2) 0.007 m?
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sl

2.11

2.12

2.14

2.16

2.17

2.18

2.19

(b) 2.64 x 10* kg

() 0.2370 gem’

(d) 6.3207]

(e) 6.032Nm?

(f) 0.0006032 m?

GG TP GO BT (7, AR € (F4 IAFC 4.234 m, 1.005 m, €32 2.01 cm | DI CFazrat

3R SIS ATGF Sl o oief Sres 2P T |

vz wifG=rE= /I ol GG AT S 2.300 kg 2 120.15 g @32 20.17 g SR (6 G G
I AL T | (a) ATHT (NG ©F IS 2 (b) AP ALS W& 7T 73 GFHANT S OB O ?

T 2iFfos I P51 AR BTN (observables) T g, b, ¢ @R @7 ret fTsa TSI
FE YT : P=a'b¥/ (e d) 1a,b, c R d AR G TARH 1%, 3%, 4% €K 2% | P AR
AR > 6 T 2 M THRTTE 7=1% TIRIT 0 P &3 AT T 3.763 T O G T
TS W @ AC(GR T 2

CRRIT FBCH AR G QAR S gfo g, »Rimgenifors aifeRiier @it e el y «q Twa 4 6

few 7@ i -
(@)y=asin2nt/T
(b)y=asinvt
(c)y=(a/T) sin t/a

(d) y = (av2) (sin 2nt/T + cos 2nt/T)

(a = FNBF D 71, L = T GFS, 7= ST 2RATHIET) TG AT Get QYT I 7S |
Anieffmia G [T 7oA, (@ITa 9019 “9ife9a S (moving mass) m '@ oIS (rest mass) m,
G W O SIST9 U € STANFR AIOTA9 ¢ AR RS (G2 71T FA ST A SBT613
a3 Re e Prites #7791 St 2rfes ) e 2@ @2 TS Al AFerd

m,
A FHCS AN G 4T ¢ (F A0S 9o 0 | 3 foree : ™5 (1-‘;)”2 | STef3TIT PN (T gTeT T ¢

CRIART PR ?

AR (FCE WM ARG 9 267 SIIGH 3R ITF A ail R a1 2T 11 A=10""m |
RGIEER 116 2RF SR 2T 0.5 A, FBGIET AT ¢F (N m* @ @5 AR RS
TG TS (A 2

AN IAMG! S BITH R S ST G (T SO 267 22.4 L (STeI i Sireey) | 2R gieees
1 (IITETR SR SRS 8 A SRS S 74T ' 2 (BTG G0 SO B 2T
1A) ? @2 T4 & SfEF (& 2

B AR ALEHAE TSI A I 2 T o geaifors sifeqisT @it @@ anfes wier
(AT BT (72 O3 6! 9, TG 2wt @eranfes aifex [Rsidre futs go aifeRiet atat s
27, g 09 TG (AR G, 51, v Zonifn) oy A0 Mo = | (AR o e g
5ifR1, ©f2 @ WRF G (oI cent 1SR e 0w 27 1)

4 AR TGS TG S Gy Seeon 2.3. 1 (& et (principle of parallax) 2caiel i
2 | 90 Siffats e S0 =7 w91 Sre Affsie e vft =it ke @l 2@ g |
refle il SIS FEFT A IR = 3 x 10!'m |21, FFos 099 779 9© @ 2 @ g
TR ST 287 EE @ Biol WG 1 (GIFS HITAR) FCIR o797 2vefe 30 | (i et
T 3T e 435 25 SRR | Gf (@I 3T @ Fg [ SRS (- o ok e 9k




GFF IR AT

G @4 12 R &A% (AT B 17 G 779 2l 307 | B @0 1 A0 F© 232

2.20 SR GTIRNG (AF FFOG O 4,29 SITERI L SNE | AR GF(F 3 3G T ? 43 O 1
(ST GG TP S T o7 V(o] TACI I T T AW fofvera S0, ARG 72 =
(T TN = A ST 2, (7 T 2

2.21 Aigfes Ao AL #Afrsiel Realt S | SriRserag7l, (It STeaiRites 5ot JHroe
T T Y2 (RITH! AR SRR A7 A S ez T S012 (Il A5 7w eizel T
o[ | TSl RegT (AUt SREICRR et @2 f2et 25 STl (motivation) | ST~ Resica
ffon Srizaeletea U (ST BTard SR AR S (0, I, ©F 2971 T ARSI Aem
T | AR O (- (I ATIASI I AN el STardd R |

2.22 @I Reaits a9 ARSICAT 2taies 27, 0% Eroi Al qize @32 Axime s e
1 AR G AT T alel FA1S SO 97l | @R SATE (ST I AR AR 9N
e REs|Tal SIs FACS 2T (@A S 52 S EII i SR ANe= T
T FACO 2 )

(2) GTRIfS IR BT T IFHAIR (0 (G &,
(b) @36 2ifea e7,
(c) CRRITA AT A A AN (9,
(d) COTSTIT R RTeTst 7127,
(e) COMIIF RIfeIPTaFa IR St

2.23 I ¢F TF 2T (SF 2wl ) I TSIl =T (core) SN 107K $ATH @32 13037 7007
SI9El AR 6000 K 23 | 48 SEF SIoAIGRT (T A2 F{ow a1 1 SRR TS 21T 1 | Fiow
G O 1 ST TG ATTACTR F0 Tl PR T O g (I 2/ 203 01 i el
= | % (SN S A(Ie 27 13 RIS w2l (AT A7 09 21T : T = 2.0 x10%
kg, TERAAPNE=7.0 x 105 m.

2.24 T4F IO &2 52 (ATF 824.7 7% RFCAINGR I ACF 01 7 {6 IR 2w 35.72"
BI9l | 2o 9 sl e |

W@W : (Additional Exercises)

2.25 AR T @I AR v A0 T B, T2 O BT @LIF 70 0 (FT ST FH HONF
T 4TS T | GG FG O G3R L GF T FHARS 791F e 0 ¢ tan 0 = v G3R A F0F
AT (@ G AT A T ST, @ S 1 ZETR L —> 0, @ —0, (I 4 [z @ @
2067 20T ! R GG T AT T I Taeita Aiwtg 1) 9t 6 50w 73 3 o1 Ao 2
Tt @3 = 2 O A HoIFTG Sregatiey S |

2.26 €5 MK T A @ IWM CAAlTIE =Sl 100 I=F 40 4iv Hies et bece el A O G
SN T (T 0.02s I OB 20O A | @ 02 (A @Al Fiferns «fe i 1s 5w st st
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SR C! e SRR AT ATASH (F=F 7291 T GFGF TSI (FEAIT) T AN e
AT AT o STgai efow=izm w1 27|

AP 3.3 IR 3.5 @ AFIE SICHAT (q91 @R OICHAT GATIT TG LAY GR FWl AT |
SHICE 3.11 7R AN 2FRS ST ANSIATA G2 o7 (F0q 79y TR @RI IF sifonie
WA T T € 7 473 AT |

3.1

3.2

et (EXERCISES)

s Sfafis aifoq Snizade e SR @9 I9CE 9 7 I (point object) 2T &3t
K (&) I

(a) T EHTT Ty IFANRETSIR 46 @& 2iifea Fia1 oMt |

(b) G AT GG ABHZ T BT SR A0 TR IR ETIR6 JEIPR AT ABC1 Iz |
(c) @< g FCRb 7o TS (ST ST 2 g GG @7 |

(d) @5 aro1aifS et T GRTET 4 (AT fIRe ATe (o |

& A% A € B %1 O (A3 SItnd e o7 AT P 93 Qo fratR 3R SItia SIRo=IF -3 (x-1)
@Tf5@ 3.19 @ (R 2R | 053 77 770 Ter ar=iz et |

(a) (A/B) S (B/A) foia woteli Fiera faeis I 67 |
(b) (A/B) TS (B/A) Mz e Siital Teqe 27|

(©) (A/B) Ff6 (B/A) P geTim go 25 |

(d) A €3 B 3ifere (9a3/Rfew) 75w (ffww |

(e) (A/B) B (GFAF/TAR) (B/A) (F ST T |
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33

3.4

3.5

3.6

3.7

3.8

3.9

3.10

g 3.19

T 2! T 9.00 51 5 km h | gfeTe (205 S A1 (2I<F eI 20 (Il A1 2.5 km

T IR SR (TR Rt 5.00 BT #13® e @3 SIBITS 0= 25 km h1 gfors e cre |

THE (1 ARIB 0 AT x-1 (T oesey e |

GG ANoleT G (6 71 2(feT M GTFTIR 21502 @, (T 5 T AN (9T 3 I (o1 e

TR ST | AFSITR (7 AR T @faiea 1 | 2ffS T 1 m g SIeass! S0 15 T (777 | O

ISR x-1 FTIBE S1&we] A | TR AT A O ARSTS & et T X3 (AT 0 73 27

13m G G(0 07 A ! ([ A |

5 (&5 (21 500 km h~ ! GfoTe o T gt et Gt ALl (6 (AT AT 1500 km

h~ 1 gfote st 30g | S RIts eIt (e e AT Gietiel wate Seom Mt gfo v

QY

G5 9IS GG el =T (highway) TG 126 km h~! gfere bemia @=2 200 m 7208 LT

251 | 9N e 9 ©f (T8 FC (T 1S 2MIE I S oReT) 93 9T AT T T 91 2

2T 400m =791 7f5 G A @<k B gf5 7raaiet G e 72 km h ! smigfots @< fite sifomier |

A G5 B @@ 3704 (A0S 91fS1eT | B (GTod BIETS A (GO0 SIS 19 Srely oo 67 4 1 m

52, 979 5 391 | 47 50 5 AT B (GTR (IR 91G A (GToTR BIFTRAC SO S S0 2T Gl

Tfoa st 72y v feet?

GG 73 (=12 RS %1 A 9T 36 km h! gfere sifeRist | oo 7 (405 B @92 C 16

SNeq 2Tl A @ Wi 54 km h| gfete afSicr =R | @IE 9 T208 AB € AC 2=/

ST | @A G 7RE | km | B e v Frazset C a7 5 A sifSs sfssw s | B9

T F© T ATANG TS TR Lol 11 FCH 2

i *127 A @3 B #77R 7RI 301 R0 771 T @3k 4fS 76 (20 T WG som ap ae

2 | GG ETIF 20 km h1 5T A (2T B *120@9 it AR bIsioR <k (37 (7202 €352 s

(AT 18 G #1712/ 93 [iwide s (T 6 WG 272 307 9M1fE oIt Sifeas T0= | T 97 =

T G3R A Y6 F© (TGO HETCR 40T A18) 2

GG (ATANG GF6 FECF 29.4 m 57! GFOTe THITL TCHA T |

(a) TRTY it o= waet @ s (i e 2302

(b) ST AT KTYre 0T (@9t G3R 774 T 2

(c) ST MBI SRR x = 0 m 3R I £ = 0s ¥R THATSI THIA TF x-0HT 4o
s 43 R @ TR 917 (et 707 SRR, (@9 8 TR o J 2@ S I |

(d) T T 7T FE0 TIR IR T I AR SN (TSR ZTS &M {03 SR 2 (4l
2=9.8 m s GIR AT I TToF T |

LRI
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3.1

3.12

3.13

3.14

3.15

3.16

05 39 TTTH TCA9 T 21T @< 7oy At 2t Srard 0 il 774 @ Twzgel wie —
GO FNT GFGF Ao (@[T —

(a) (I TZCS GO [0 20T@ & Y26 T o0 S 20 AT |

(b) B *[ 5 (@91 %[ 7 20 I |

(¢) FTIGFSTS HETCaT SIR12 G ¥+ 20T |

(d) TATIF T LIS 20T SRH2 G0 AT AR |

G35 T 90m THO! (ATF (I W (Z0T (S 267 | (I Ao 2fs FRI0 716 ol gfed

TSI GFel9] S ZRA | £ = 0 (ATH 125 G T 5IT67 Gfo-3707 (w74foq oieee A1 |

Ttz HECITH AT AT 17 S —

(a) CRITHTI TR SRPITH T e BT SISIG FACE S (FUCA ST GG 671 27) R &
G I ST el BT SSHIG (NG AT e |

(b) TS TG TGTITH T AR @ TN AN SR 91T BFS | [91% GFS 267 WS A sifestiet
3% 31 34l i1 SIFSRIE (G AT 422 (G AT TGS 1] (a) @R (b) TST (LA (7S
@ TSt G 2w i STsse 0T 1 I | 52 A B2 A 20 2 [FREE G,
GG 9IS (ST SNENH I ).

4 T O I (AT (ITe! AT IS 2.5 km L& A 5 km h 1 gfete @05 210s | e

T (704 709! 0! 7.5 km h™! gfete &6 ifers R ae | A —

(a) T ([T T G3%

(b) T GRS 3 T AT S (i) 0 (/T 30 TG 2 (i) 0 (=T 50 G 2 (did) 0 (It 40 ™G 2
[fRsm2 OfSl @3 SIepiaTel (ATF S TS AR, 91 Biots AewifTe w41 28 (i «124tws
G (NG SRR ST R, (oI S R ¥ | A (I MG 60 o) 1% W ioes
(OIS FECS ST AR T (@ SR 57 Giog i =7 1 ]

SR 3,13 €A% 3.14 @ S 43 SIS TS @R IR N3 T Al SR | 75g

T SR SIS Gio IR SIS (@9 [apel Ff 03 @2 AR A 2T 9 |

ST (@I T HE ST Gied e 27 (e 2

(a) (AT (d) *F® ETHIYEN SIS 7% I IR FIFPTR I @ @I @ETbas)E

GG SISTF S FACO AT

AN N

X

v

Y
-

(1
P

(a) (b)
afs G #12 7

\AW
7

(c)

oa 3.20
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317  3.21 R g e sifere aifedier 36 T x-t @74foa
I TR | T (20 321 76 17059 @ t < 0 e eiife
TR AfoTs Ao @32 t >0 TR SARLTSFR T
ISR 2 AW =1 27, O @2 ERIHTET &) SoRE ABITHS
2| e A |

3.8 30 km h' gfere T=PTES WG bl (G 2Jfer! con (AT
@3 192 km h'! ZeTe GFEMCE ST G0 (5107 NS
) 0 9Jfo1 70 | AM TR TSI Gf© 150 ms™! ©IRee
O GTe JeT6(6 (B 2T Srare F1ea 2 ([eme oieaa
NS o FAF ACol o @ IA) | foa 3.21

319 3.22 T fora emffe @Erefbasmas o Soe oifen sl
Fefeq whe ¢

\%4

X v a

N\

(a) (b) (c)

@ 3.22

320 @0 TN GINGE TS @eaifors STwifeTe 208 @3 OFT x-t (@7ba 3.23 7 Brg @Rl
TR | (W ST CoTsa Rifie RI4tR) | @3 301 £ = 0.3s, 1.25 932 — 1.25 @ SRR, (@51
@I T 3 5 AR o Sl I |

N
X

/N /N
aVO 1

9 3.23

321 GG A (TN G0 T x-t (F7ba,
59 3.24 T @ (AT TR | foals [fem
I SR (AT TR | (I T
SRS TGS A TG @ G2 (@I
I SR T | ATOIF SR Gl
T @0 o Srard Il | foq 3.24

ina 4
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3.22

a3l S frcss aifefar @G el gfo-s
@14fbg 3.25 W fora @RIt Tz | foat
ifeq R SFHTE @RI TR | (&I
SR 91T G TG 2 (I T ST
9T G T A 2 4SS T aifoq
g wifoyd 03 [ ot s SRiee v
@R ¢ 93 BT &I F@I | A, B, C 9k D
[SRAACACEREIAS

wfefag emAer (Additional Exercises)

3.23

3.24

3.25

3.26

@35 a5 T PR (ATF TGN *F FE 1 m s2 TG0 N0 105 403 GIISt BRI BT, O
ST SIS AT | n” O GRS (n = 1,2,3....) SOPIE TGS 0 n G ACATH (w14
o] SR | GO A6 (@R (@Teibaft Freita 203; @3l et AT (o wifqe?
Toltaa e et @5 i forred wifta A @ Ae7s 96 FeT0 AT 49 m s GRote Brr
(FTTS AT | AT 2ITS e 3O o 237 ReCa SR 2 AW fore (B 0ot 5 m s e S
AT TIT® AT G4 T IABIE (37 T FOTS TR (RITT S @1 O ZTS T A A
[RicACIeks
3.26 7R @ (R 513 TTot G5 o191 ST i oifeHiar @6a T Bifre «3fd Aess @ (@76
50m 7 SRR M-I W2 -6 (el-(rif w90z | AT (@05 ACHTF 9 km h
gfore (etnfe Fa02 | @51 4 km h' gfers aifodier | 57 (20T Teifrere «em witea
Ty
(a) P gfo F© 7@ 397 B @67 9ifex e (it Aoz 2
(b) MGz gfe o 21 73 MG @eH7 sifen e e (e ez 2
(©) (a) 3% (b) €T (T (X I (FICTZ OIF A F© 2

i N-TRIT @ I ST T3 FR O ST (e Tl ARafew 23 2

ofemea @5~ ——4kmh

f3e/z7 97%% (Stationary observer)

@ 3.26

b Al G2 Te! G 200m T T TATE 41 (AF THIC 15 ms! @3 30ms!
FoTe (218! 281 | 3.27 7R ora 22 I ACATT RSO TG IR AR A SR
@TIBE (LI 2R 2 — 3217 Ao TIBTE FC! | IR 14 BT I @R 4T NS (@ Al
QG BT 2GR 7 =T SFFI 2 a1 | g = 10m 52 403 | Sf&ws (514fbra (s 932 Il
TR A WIS |
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2100
80
60
40

Pl i B Bl ko

20

LRI

3.27

10 t(S)

foa 3.27

{5 S fre 77 oifoRiieT @6 e gfo-s1w (w726 d 3.28. 71k Bra eriita 2ot | e @i

SSPIG [AG (74 T () £ = 0s (ATF 10s GFC, (b) £ =25 (AT 6s |

/

12

sifs (ms™)

N

A4

5 10

o 3.28

Fifba (a) @3 (b) oo Sfafie T 91w gfe T 2

GG ifere aifeRia

13}

3.28
A

G5 PN (@9-7157 =14od 3.29 ora @i TEE:
N

t

ty

g 3.29

¢ CACP ¢ IR W0 U 91 FCHeT (I (e ATt ea il ST iyt <vetl T

@) x(1,) =x(t) + v (1) (1, 1)
(b) v(t,) =v(t) +a(t,~t)

(©) Ve = (X(1) = x(1))/(1,~
(@) @, = (O(1) = O()/(1,~

(%) a(t,—t)

t)
t)

(e) x(t2) - x(t]) + vaverage (t2_ tl) + (1/2) aavemge (t2_ tl) :
) x(t,) —x(t,) = v-t 1D, (-57F G2 TNFB] LR TN GG et |
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IAfAMD 3.1: FEWWIE TAWT (ELEMENTS OF CALCULUS)

SqeT fawit (Differential Calculus)

SRR 5J901& Q) SR T LN IR I SN 47 AZCE2 (F9] 93 el G i<eal fuce =113 | afns st sifes e
SRS 71 AT vt e, weiife) sifs 7=oiffs ffea qifiejfera aefa sTaeres wa1a Sy SR @2 “AfRHTS @
YRR SRSl SRR |

47 @6 AR y @3 T G Mg FeTAI x @7 Tofg TSN @R y (F x I AT 0ot TN 9 1 TR

=) oo oo e e (1)
G TAFHC x - y FITEG R SIS TR FR (+72fbg Srew T Syt 731 T, 5@ 3.30 (a) (S GrAT TR |
A — f A

y y = f(x) y

T . (c+AX, YHiy)
AY

y .................................. i A

\
\y ...............
: L 0
0 X xX+AX X 0 X X

(a) (b)
g 3.30

¥ =f(x) GTRHGE P @k Q il RTIb+! S A0 RIS T (x, ) G3R% (x + Ax, y + Ay) | P @32 Q Reva FaIess
T :

tan9=ﬂ=w ................ 2)
Ax Ax

47 Q mfo eTifoq T P Rev@ i A I | 3 ST Ay 3R Ax 1 S Y3 8 20 ¥+ 3 IR 23; Tfns

I wATS % A A 1T A0, Av—>0 €2 PQ (RT3 KB | (ol (74 (3 6 R P Regrs

JFRAR @3 (< AAfRere 201 {53 3.30(b)} | 9 =1L 25 tan O G T P Kgre ~oRf6{bar o MTa 11 23 43R A1
m AR o T T,
m = lim Ay = lim w 3
Ax—0 Ax Ax—0 Ax ( )

T Ax qF T *7 G FRFIG CRT T4 Ap/Ax TS ASIGCS F6T T x 97 ATATT p 97 TLF GQ
F2IF dy/dx Jro G 13> y = £ (x) @TLTER (x, y) [ire =fag afers o 33 |

@EY y =f(x) @Ry + Ay = f(x + Ax), T2 SR SRR 788l el e A —

dy _df(x) _ lim Ay _ lim [ f(Xx +Ax) f(x)}
dx dx Ax—0  AX Ax—0 AX

R g S SRE0R AR 7 (e 26T | QI u (x) 938 L (x) (& x G ECPI S 210 Ao T2 261

@R 2@ b Ze 473 A T, x 97 o7 frSaiiet 731 | g M=l ST SRt o0y Srafe a1 26
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daw) _ du

dx dx

d(uv) dv  du
=u—+vV—
dx dx dx

du_ duldx
v dvidx

d .

—(sin x) = cos x
dx

d 2
—(tan x) =sec™ x
e ( )

d
—(sec x) =tan x sec x
dx

i(u)“ =nu" d_u
dx dx
d u u
—(e)=¢

an G

du _du dr
dr  dx dt
d(u/v)_id_u_ dv
dx v dx dx
%(cos xX)=—sinx

d
—(cot x) =—cosec’ x
dx

d 2
a(cosec X)= cot x cosecx

a4

1
Inu)=—
du (In u) u

SRFACH AR SICHIF (9 ¢ SICHAF TS GOI(J WG F41 T —

. AX  dx
v=1lim —=—
At—0 At dt
. Av dv d*x
a=lm —=—=—
a—0 Ay dr  dr
e fawit (Integral Calculus)

COIITHE TR (R (el SIITE | Al 1o forag cvamest e sae corml @i | (@ SIreTwtas (Fazre
23 O @ 27| G 9J°1%FeT, SR TagTer Crazre 261 Bl @ o oje=rera oIt | g wifafire sigsfen crawet fefa e
R AR 2 QLR PG AL Gy AN Slifelfsms Lrell rare |

B SR 5! AW THIRRe! (12 | 4T, 6 T x-S I A6 x = a (ATF x = b (T (6 ARG 741 f(x) T

R0 RN | @2 0T A1 I AT FOHT (W) W (3 FICS 20 | G2 AP I R oI 79 i i<y w1t

ey
5@ 3.31 @ x G ATATF F(x) 9 2IfFTSH (R 20T | T 767 476 AIFS OIZ0H ARSI F8 (b-a) €3 CFawret {ba

3.31(i) (O ORI} v7foe 03 ot o T =i | =5g 5@ 3.3 1), GT0a 761 267 AfRaSeratien |

F(x)

(1)

A
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5@ 3.31 (ii) 7 507 =72fod @ S CFazat slo I Tre) SN RS (S SIeTwe I | x-S0 ¢ (A b 7T
B TGN (V) Tl AN OB GO RGT B 2 x(=a) (AT x5 X TP X, ;X5 CATF X, oo Xy (AT
Xy (=b) | TSI @TLHa @5 (Fa NS S| [Row 241 | 2t =i GIETD S THiad Sgel, ARy €2 F7 S F(x)
G TR 2ARIST SorwaT | 3.31(ii) 7 BT (AT i-9% ST (gt

AA =F(x)(x, x ,)=F(x)Ax

T Ax 2o 2ifSfb STz 2% A1 9o 7 ST &ely I | COTTA Y2 SR ATT (S ST AN F v, )
AR, A F(x;) 8 F(x,. ;) 97 G S N | 70 SN G 31 S S G (N—> 00) 4, SIRCE A oo g I =T
I, I SHYTE! T AT TR @ F(x;) 93R Fx,.,) GF AL %7 Sz 23 1 o @=ivg @S @b craee 201

N N

AzZAAi :ZF(xi)Ax

3 (DT ANBTE N—> 00 G T x G HATATF a (ATE b OB F(x) G TN 67 2 | 3QE Gl e el
otz AR Geita g 1 I
b
A= IF(x)dx
A 5% [ (74T STAFH! ALRTS S @7 ST, A (AT Sl I (72 7 o7 S A AT @ A |
@ FACoI oJgeelel aMffeT R 2e1 @ e 261 @3 o SRFetR [{oide 2if |

{0, G DTS g (x) I LT 267 £ (x), Tfe f(x) = %

g (x) (F TN T £ (x) 97 ({75 a1 (indefinite integral) TR G0 GSIT AP T T

8(0) = [ f(x)dx

TR @ TTFANLE A0S o7 2 WS et (definite integral) 1321 26T G AR | ST SIS AN
(I ST (72 ©I2 321 261 GF6 SCAFF |

sifered @G 9ggsief 71g za

b

[ dr=g [ =50 s

a

T R, 49 /(x) = 1% @R x =1 (ATF x = 2 TN N0y St [0S TN {07 Mo (@77 I | SCoFF g (x) I
X*/3 T O Ol SR 2 x” | JoAR

2 x3
J.x2 dx =—
1 3

1

2503 A5 TN N el T 20, O Sl SIS AT (7 FACO 203 | 5g 2ot S FAier 2o :
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n+1

[xmax="—+c (n #-1)
n+1
1
| = |ax=mx+c (x> 0)
X
Isinxdx=—cosx+c Icosxdx=sinx+c
J-e"alxze"+c
C 2o AT 45 |

SRFE € AN G2 Sl T 7, 32 ¥[YAG o1 I TR A=l (TS AR T |



4.1
4.2
4.3
4.4

4.5
4.6

4.7
4.8
4.9
4.10
4.11

i
(FAT @R (O]
I AL =N CSFACE il

(ST @9 @R Rest — s
2% (graphical method)

(©37 fere

(ST WG — RS
Sl

TR S
[EREACECRBCHIRRI
Tasifess Sceife oo
AT aifo

o e Aife

A

(0 (I RETE
SR

SR ATl

ATGA 9IS

(MoTION IN A PLANE)

4.1 $E& (INTRODUCTION)

S SIICH ST SRR, 39, (39 IR G LI=ell 9172 71 I T
oIS I (G ARG | @GS 5ifeq Fa @Ry @@ b wfeyd®
B O S Sy [T TF qifEiefer @@ NS @3 AT o
Bl RTama 3 | 76 sl fas (93 wer) A1 famifas (e 9l 793 OF (o1
At alfer T SR (ST IR T ATAEH | TSR 2T (ST O
IR 2TRIe | (93 2 [FeIa (eFacs @i, [eaist At ool 1 22 @3
(STACE AT A2 T 9o FACA YorFe] F A2 (@A ATOE @94 @GR
THICE SN IR 1 T Sl S} 127 | S Sl (I s te
S oI ST w9 @R AT sifos [t Siicstvel w9 | 38R oife
@6 ifs #/fifb 4 [ o ST R sl sijef | st 372 e sife
fRwifee e e |

STASTE (G 3 SIICH (3 F5T 6391 919 31 200 o fawifess aifeq
CFLQS FTROSE 21 1 A |

4.2 (3119 932 (€349 (SCALARS AND VECTORS)
s SR AR @R 9k (o3 @Rt FEre HAifT | e

AL 21, (SIFET AW IS Tiew A [FG (TN Acet AT |
T A 2o G GF A T @A W A | G GFF AR G0 AL

A TS am T 27 | TOEEs - uft [ N0 e, I99 o,
I TFO! R (ICT T IR A | (FANRF IS Al feaifeices
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TR0 =20 | (TR S AR R @il [, ©ial e
oJel T TTIF THIZROT!, (I STOCHCER (7, 2R
AP 1.0 m @R 0.5 m 2T, O 9T AR 207 R
L TICHT @51 1.0 m + 0.5 m +1.0 m + 0.5 m = 3.0
m | 2fS Agg O =5 (FeT @3k AARS 2@ (T
oy @36 Tuizgd @en TF | @I e AEw @)
ST BFel TAFT 35.6 °C @R 24.2 °C | 7ToAR 6
el AT 2@ 11.4 °C | SEFeelt, Fn spryfifmm
I fACEs qeee 2fefbaga o 10 em @R ©7 2.7 kg
2, O(F T SO 26 107 m? (436 (Fe) IR 9T 9oy
2ol 2.7x10° kg m™ (930 (F1R) |

a5 (232 A 251 @3 G AN T @R s TR
Witz @R (SFH (AR ageri@ Il ATGeD (SFACANTHA
AT HF 7@ (N 50 | AR IFH (STAE 2 T 2
O s 938 @10 AL W, [ O A S R | 71,
(1, 93¢l 3% T e g eipioss Qi A0t (o3 e 2p
T2 | (TFACT A FAC 2 IR0 S| (D! 23 924
T | T GF0 (91 (TTACE v ©F 771 2l 1 27 | 20©
Gt ot o T (OB ol o7 ool <o 2, GO D |
i v a8 U TR (491 (ST 2Pl T | 4D (ST
SF (magnitude) 2T OIF 2/ W (absolute value) 9T |
@R |v|=v TSI NS 2 | 0 G (SFATE (G AT
2B AT AN A, a,p,q,r,...x,y;u‘]w@m
THCF AP FAN AR RACE | AN 4, a,p, q, 1; ... X, V.

TR G2 AAS (S34 (Position and

Displacement Vectors)

4.2.1

@3> O oifeRe 36 I SR I FACS AR
G FfRew K, @5 Jeg O RIIe 1 A |
A B, ¢ G2 ¢ AN GG TG SRR IAFCH P 3% P!
[o@4.1(a)] ISI=I O @3 P 777 G351 1021 2kl T I |
TE OP T& ¢ 30 (I TG SR (O3 | I3 (@4
NACF 45{ foadz a1 biee 4127 1 9T r Pz a1 awm

Azl OP =r | P' RYS 77 «3f6 So= (€37
OP' 3R &3 T 27 GR 1’ 71 e I | r (CFEF
O (SFANA TE 2 I R GF TeTL O (AT P
(G T itz 30 31w 23 (12 e 203 13 g P (2
P’ R¥TS T I O@ PP (937 (Tereldl P! [ @3
sxpirelal P 7)) & P &% (¢ 9710 (A0 P (¢ W) R

sifoq Sgafels s (SF @1l 27 |
y/\ A F
P’ Y D Q
b E
r’ B
|y
P
O > O A >
X X
(a) (b)
@ 4.1 (1) SR G 779 (SFT

(b) [RfST 21m7 AfeT FCq PQ 739 (©FF

QT Srard 1 ATSH (@, I (OFF 2 AT @R
I SRFRNCT ARG AL €32 Yo SRR N
TG TGS UGG 2AFS /T2 T2 ST S ! | @ 4.1(b)
ora ave 21Afie @3 SIfe S 26 P @3k Q, PABCQ,
PDQ, €<% PBEFQ ffeq Fi@ioita 7a (939 PQ U2 T |
SR, FACHA A 46 743 T4y <l g7 ALTHCDHA bizTe
T AN TR | 3 T ST ST TN I 1S
I CFCQE TS T e TRRA |

(S T (Equality of Vectors)

7 (537 A 93 B (F A 67 (A GG TU ST 953
W G 92 TG AP |

5@ 4.2(a) 70 7 (T37 A 4% B &I (S | SIS AZ0S
ST 7T G2 TS Al | B (F G @A 7N Tl
[ 9T et Q, A (v ANsifew e wefie Q™ O R
Aol T Ao 201, I O Teelal S @3} P K

4.2.2

* (R GE G [T FIPTICEF CFANT (309 G [N TG | A7 S5 [[QIGT 935 STl (REANHT 99 G7% @19 FA0© AT |
I SIS (GF I (75 (] SR (2 | O I (CFICP OfF G T (SFA> 7w e | 977
(CFIF & (G5 (Free vector) 0T | 7S [PF AT PRI A (SHIIT AN 4T 729 | 977 (SFICE RN

(©%7 (localised vector) JCeT
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(a) (b)
5@ 4.2 (a) 96 (ST A 9% B. (b) T AN (SFT A’ @R
B', I It Ty 7St |

TFfeE e, (SFF UG AN @ A | AT
IOIE A = B TSI f0ife 2 | 57 01 @, 4.2(b) fora
A’ G B’ (ST W T 5 Okl I 7 Sl oiew
oy [ | G TW SR B (3 93 DA A G2
2PBM SH Q' (F A’ GF B O GF A AN oo Tt
oW O[@ B’ @7 Tewll § Gk A’ G SEelel PP @3 el
Ao Za =1 |

43 JAFIAARA (ST 99« (MULTIPLICATION
OF VECTORS BY REAL NUMBERS)

G (ST A (B G0 4GP AT A BRI 90 FHCE G0
(ST 7SI I, SR A A 941 203 g =feq4 A IO LA

|2A] =2 |A] = a>o.

TOEFLA AM A (F 2701 9 1 2F, OO K (0FF 2L 2A
GRS A G SIS IR 20 938 T 4.3(a) Drag i
|A| @F oo 2R |

A (ST G5 oG AL A BN 90 FHCET 90 (0T
AAIER TR, TF ST 203 A TOFERR SO 0eF [oAdre
CQRIAFAN |A| 97 — L 9|

ATS (CFT A (T (TS 72T (@ —1 3 —1.5 =l 9l
A0 5@ 4.3(b) 4T WA (ST NS A |

A

(@) (b)

(2) A (STTER A (T GF0 (IS 7R 27311 9l
FAIF 217 A (S57 |

(b) A (SFT R (I AN —/ G —1.5 =R
ofo TR 217 A (TFT |

foq 4.3

A (STACE @ 9% L 211 90 91 27 ©f G35 (FI7 20
©iF @30 ferF (STesat (Physical dimension) AR |92
LA GG Z(3 L G- A G QIR 9Jofzre] | 701w agl I o
@9 (SFACE I S| B S| el F O S| 7l
(S3 A7 |

4.4 (SIEF @A G [y — ERke oo
(ADDITION AND SUBTRACTION OF

VECTORS —GRAPHICAL METHOD)

4.2 SIC5R GTEe 1 2ARE (7, (939, (SFARNT fager
1 [l YT AMERS 9@ GG BT | Sl 93 (oS
AROTS G2 (ST (1] I T | 01 61, 6 (OFF A @R
B 5@ 4.4(a) 93 W7 46 ANST ONTR | TF (©F9)[o70 07
(ST AT AN ARSI o 91 20" | (O3
@1 A + BT 3o B (30 (2% 4.4(b) oraz
T A (SR SO PN 26T | GF94K A (ST (< AT
B (T304 SIAATE 0% T | €3 0Q (T2l R (SFAE
24 T, effe A IR B (ST (IS 2P 0 | (29
(ST G2 AROTS (ST 2T 8 #*52E I

A

O+D+Y
=~

(d)
5@ 4.4 (1) A 932 B (SFF(b) TIBIT AT A 433 B
(CHEI AN (c) B 972 A (CFFF (PN
NG (d) [oCa N2 COFCF AN AT
(associative law) 27 |
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LRI

1 2T | '©1F 3 (TR ATt (AT 2151w o7fS (head-
to-tail method) JCeT 196 (OFF G IR a1 G0 [agters
f&afs g 107 37, ©iF @2 #=foTF T (ST @ATHA
W@ 2/%f®8 (triangle method of vector addition) JCeT |
5@ 4.4(c) a7 7 I S B + A w1 el 4, o9 @2
(3T R ~leql TTa | wfie (37 catet fafaww s1@
(commutative law) T BT |
A+B=B+A 4.1
2w 4.4(d) 2 BTEF TIT (ST TS, AL @€ (T
5T | A 938 B (SFCE AT (@19 I 97 C (ST @Al
FACE (@ K 1S A O AT B 9% C (SFAE @A I
A A (STACE Q@19 T (@ K AN AR O A 20,
wefie
(A+B)+C=A+(B+C) 4.2)
15 I AT G2 RATST RN (TFACE N9} T 1 6
2732 5@ 4.3(b) 9T T Y0 (SFT A €32 —A KI5 I |
ORI A+ (-A) | @CRY 4 (SFEE T 42 {5
wifeyd A7, OItrR 71 (ST W ¥+ BF G G0 0
B 2T T T GR GTF THERE (924 (null vector) Al
*+j ($%4 (zero vector) I |
A-A=0 [0=0 (43)
@AY ST (SFET T *[e) ©f2 @ (@i S ey
=3 |

R4

(a)

JYA SR A (SFACH SR @I e B O SN *7)
(TFF2 AT IR | 0 97 2y «Afer 27
A+0=A
A0=0
0A=0 (4.4)
e (SR (SO ©leod 2 4.1(a) T Mo Hrag T
(I TS SR G2 7 (SFF RCIG FCA! | 9
TR t I P SR L G(6 7y P ST foI e 21t
P SRR 373 0T | 94 @3 9736 F 203 2 @29 AhE
R G SRR A 7A[[ o 23 I 77el 261 G [+ (93 |

(e33R : (SR R (239 @Rkl KE@e
1 AR | S 70 (9T A G B @7 RIS 4o (930 A
@R B GF (@9l A1 GRS AT Al

A-B=A+(-B) 4.5)
4.5 7% For@ (a1 202 (@, A (STEI AR —B (37 @l
T R, = (A - B) (939 e AT | 4R HLa R =A + B
(ST WoTel FAIT Gelj (RG] 2R | SN (6 (ST
@9l T o AME S 2Ifoe IR FAo Alf | [0
TR, ST 0 (ST A €32 B (1S3 TR | G0 (19l S0
Gl I (<ITATE 4.6(a) HTaF 0 @6 Alaigel AFfeF [
O A ANERET 3 08 I o1 e [5a 4.6(b)] | 4.6(c)
508 A @32 B (SFRF A AN Ty {ger 3@ 924 741
RCR IR S (0fR (@ gf6 2=fere @32 ez siedl
R | 01 7D 2R 2reitare 9o |

(b)
5@ 4.5 (a) T (@FTA 93¢ B, — B (OFA73 274 247/ (b) A ($FF (AT B (SF(FI Qe — (K 2T R, | ST &l
A (OFT T2 B (ST K SIS R, 2o 2e7 |
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A
(@)
foq 4.6

(@) 7% (OFF A 9% B, 0 (A1 QIBCF G0 S4179 JeqI7C Sl ZCACR [ (b) SIS F JI2IT FC (NPT

A + B G (T | (c) (CFF (T AN 7, (49 a7 9oy |

Trizae 4.1 35 TEROIE 35 m s GOt A ASR |

gl 2 12 m s GRero A 77 (AT o1 e
23RS F0e WY I | IFPHCA ST GG

T (IS =IO 4= ?
Vi
N
0
w E
Vr
R
S
\%
Fig. 4.7

Taq - 59 4.7 46 GRAFI (@91 v, GR v, (STTAA AT
T s I 2P I (R | (0F (N N I
TSI (0O AR (F, BT v, G v, GFKZAR,
R G &1 3,

R=\/vr2 +02 =y352+12° ms'=37ms"

TACIAIMCHI R, O (el 315 061, Sfey2l 0 Tl AT
(TS *iheTl TS,

tant9=v—“’=E
3) 35

=0.343

A, O=tan’(0.343)=19°

AR, AFTH ST, SHE 0! AT 19° I 57w
RERASIPE AT <

4.5 (SITAA [ToIew (RESOLUTION OF VECTORS)

N IR, (@I e foF SIS0 a G3R b =+ 77 G5 7(6
(TTT IR A GF2OC o) (0 (934 | (6T 4.8) | A (T
T (ST @NTEHC 2 41 I — G SIS A a
COTAE b AT AL QIR 901 I G ST 2111 A b
(SFACP T G0 AW AL B 9l FCH | @&y 4C7l, O
G PZE A (ST I 2FHMET I3 SAAE | 97217 O
R M a @7 oTI@Is 932 P R TG b G STsisie) Reicaal
i | S0 RN, O Q RYTe (2t 6, Yol Sl A2,

A=0P =0Q+QP @.56)
@AERY, 0Q, a IF AT @R QP, b & FIEJI, oA
0Q=%La, &R QP=pb 4.7
QAT L @G3R 1 TF EF AR
Mo, A=Xia+pub 4.8)
P
N\
A ub
T 0
Aa Q
(a) (b)
@ 4.8 (a) 70 SPICAL (SFT a @R b.

(b) (ST A (F Y (SFF a €32 b RO ReieH |
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LRI

IR TS A, A (SFAE a IR b (S IART ILAF
A a @3 b i (37 TAIK Reifere Tl 2R, €3 s=fere
AME (STACE Y10 (SFF IAIF G0 (9T SoIigr Relfers Fa0e
AR - ToA0F AT GF (0 FANOCE SR FAE | G0
(STACE AR SO TR AR SFFE IR G5
R (ST A2 IR el ] ARAGHE | qHAS G
(37 (Unit Vector) I57 I T SN G2 SACEB F94 |

@3 (932 (unit vector) : TS SfeyT Keariar @< it
(SFACT GFF (SFF I | O O G WAl (712 | @ff e
s RO T30 935S W | STSIFF AW TR x-, y-

R 797 I IFF (959 4.9(a) BLaT T IAS
@32 k B 2 0 2T |
REY GF GFF (9FF, ©I2

il =150=1kl= “9)

GBATH GFF (GFAYfT 221 ATTaT Toig 7%, @3
AT SITHATS (B 20 RIAT ZTTR G3R 0! 46 Bt
() AR SIS O (ST (ATF el 1 2T | (0T 92

i R fasifass aifs, wiE wisiors 7 s o3Ee
2T TG | S I 96 (8T M (F CFAR W el

ISR PFAL = LN GF (ST 2(J, ATNS A (ST
T

A=|A|D (4.10)

@A N T A (S3F IR GFF (937 |

@A, +A,= AT, (@TRG(CTTA |, | (ST AT G-
A, § (ST TN, AR SR AT,
A=A, A=A ]

RATTA R A T T R,

@11

(4.12)
«f6 4.9(c) ot emfe 2R | A G A oIS @1l 20
A (DT x- IR y- Tl P A (3, A e @G (239
TG A 193 (T IR GO A § G (937
et far e TR IO A R A (T A (SIET
I G X-SICEHF 0] TSI AR 2 FACO A1
A =Acos0
A, =Asin0 (4.13)
4.13 TR AT (AT ™1 (T, (TTCAT G2, O «F TTF
TR 167 0T 4RI, el 3l %7 20 2T |
G, SR (I OTE A (STACH (H AR TSI 2P|
() T A IR GF G x-S ACH| O (Il ; Tl
(i) GTToAHA_GR A T ST |
MM A G2 0 (e AT O 4.13 7 AN FR A
GRA, AT @O AT 1T A GRA - (TSTN AT, ST A
@R O A AT et

Al +A] = A’cos’0+A’sin’0

T, A=A iTA ]

AT A (SFIS | R j AFF (OF IR A
(37 Toliceel Reifere Face #IfF | w7 T, 4.9(b) oram =, A=.[AZ+ A2 (4.14)
X Y
TIT A (ST X-y OC SRR I, A (SFET ¢ITAF (AT
0 . o A
RIFRT SCFT ST A0, A, GRA, SO @FTAR o tane= 2 o= tan 2 @15)
ya ya ya
ANTTTTTTTTTS i N~ \
A A A
/\/\ 2 A i ij !
of 5 0 S s CHEREN
i X 0) N
/i( 1 X A[ X Axl X
(@) (b) (c)

V4

°d 4.9 (@)

Xo, -, R z-OF AT 1§ 47 k G5 (OFF TR, (b) x-, 7K y- O I A (GFIP A, 484, TATH

[Forem, (c) i 93¢ § G IACATF A, G2 A, (CFCTT A |
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X-y OTH SRR (S (T S| (TSI TR,
153 (712 “wifS famfaraa cwia e I I A (TFF x-,
y- G3R z- I IR ot Totke Reifere w1 e | 7
4.9(d) ToTaa T A (TFT R x-, y-, TR z- WCFHT TS
@O AT o, B R Y BT, O

Ay

..................................

x-, y-, Q3R z- % IART G0 (SFT A F
T ot |

A, =Acosa, A, =Acosf, A, =Acosy (4.16a)
ARSI S AT,

o 4.9 (d)

A=Ai+Aj+Ak (4.16b)
A NN

A= JA? + A2+ A? (4.16¢)
G0 SR (TFF 1 (3 AFH 31 I, GO

r=xi+yj+zk 4.17)

@A x, y, @R z T r (SHES ILFW x-, y-, z-9TF IARK
Tl |

4.6 (SITLAF TG - RIS 27TS (VECTOR

ADDITION-ANALYTICALMETHOD)

e (STARNTIR (=1IT ARTS (ST G FK (SFAC FHA
FACO SR AR I o3¢ @t T4 T [@feaa
@R 7 fTgeTele e | wigafes Soiiel IT I (93
(] A SIS S HZS | o FCAN, x-y ST A G=R
B (ST ToRMefE 251 A A @R B, B

A=Aj+Aj

4.18)

71
B=B,i+B,j
NG IR, O AK R
R=A+B
=(Ad+Aj)+(B,i+Bj) (4.19)

@R ($3F RITRE[E 32 FLCPE GG BT, SRl
(4.192) T (SFACH SRR RGO AT 9%
VeI 0 fwqCel forive #Aif -

R=(A, +B,)i+(A, +B,)] (4.19b)
@@y, R=Ri+R,j 4.20)
wEl A, R, = A, +B,, R, =A, +B, 421)

TR, FK (©F R 97 Afefb Toicn 21 A @32 B
(ST Il SoAIT=IF A7 A |
fgmfass oot s 473,

A=Ai+Aj+Ak
B=Bi+B j+Bk
R=A+B=Ri+Rj+Rk

@A R, =A +B,

R,=A,+B,

R,=A,+B, (4.22)

93 Al @- (@I MAF (SICAT ATAE G

Raeta cFrae Awe Fce 21T | @9, I a, b @R ¢
eId 2me T (3,

a=ai+aj+ak

b=bi+h,j+hk

c=cdi+cj+ck (4.23a)
O G (TFTT=a +b — ¢ G2 TN 20 :
T,=a,+b,_—c,
T,=a,+b,—c, (4.23b)

T,=a,+b,-c,.

P THZA 4.2 76 (S5 A @R B I AR W 4% T
(SIEET W IR OIS TS O (FIEIF ACATE
R s

T, a B, 9K y faNfEs oed foaft @it | @l 2o SrTreetn vt @i RSt @i |
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Trizad 4.3 93 ENGACAG s 25 km/h
@0t oifoReT @R TEIEre 10 km/h @0 WICR
A 60° oI @ ST iR | @R A
[BREEI&IT
Taq - Ba4.119v, (BACITH (@91 R v, S0 (Il
g a0 e T Sifere 2ifre | (SRR ABHF 2o
o A2 I, A R o7 2mffe sifesed »text A |
@7 : 4031, OP 93 0Q 7R 0 (FIT To Y (TT7 A =%
B (& 2 30K | (5@ 4.10). OIZCH (ST AS7F 9@ N
IR FACA 08, K (€F7 R & 9foe I : N
R=A+B A
SN 251 OP S B o7 4<% PM. 261 OS 1 S 77 | R
oiffes foa (2T 173, Vb '
0S?=0ON?+ SN2
&3  ON=OP+PN=A+Bcos0 ®
SN=Bsin0 0
0S*>= (A + B cos 0)? + (B sin 0)? W< T~ >E
<1, R2=A?+B2+2AB cos 0 60"
R=+A%+B?+2ABcos 6 (4.24a)
A OSN-¢, SN=O0S sina =R sina, @R
APSN-4, SN=PSsin6=Bsin0
7odlk, Rsina =Bsin 6 JS/
R B
’ sin® sina (4.245) o7 4.11
I,
PM=A sino. =B sin f§ (PPIRCAR 1@ ARIF IR ST R &R A (o[t 017
A _ B
' sinf sina (4240) R = /v + 2 + 20, 0,c05120°
4.24b) @R (4.24c¢), AT FEEI AR,
(4.24b) 4 (4.240) RS R = [25% +10% +2x25x10(-1/2) = 22 km/h
R A B
snd snp sna (424d) TSI ANSAR Gy S| AR I 2T FACO A1
R v
(4.24d) T = AIRIF I S A, =— 3 sin 6 =i
N ; sin® sing ql, sin (/)—RsmH
no-Bsino
s o=psh (4.240) 10xsin120° 1043
= = =0.397
@R , (4.24a) ANFAC 2WE | 21.8 2x21.8
SN Bsin6 o
t o= = ¢E 23.4' 4
T, tan OP +PN A+ Bcosf (4.240)

T (4.24a) AR N G2 AN (4.24¢) G=R (4.24f) @7
s O™ I 1 (4.24a) TFAS (FENRCTR 3@ (Law of
cosines) 3R (4.24d) AMFA AR @ (Law of sines)
T 7o | |

4.7 ATSHTF S (MOTION IN A PLANE)

3 IR (SFT LT I SR (=7 Fawifass sife e
o 0 AT |
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4.7.1 T (SF7 G3R 7F9 (Position Vector and
Displacement)

x-y f0MetE ERME ATATE @I Ot w[hee 35
gl P e ooRlis (939 r (5@ 4.12) sgee! 2o w1
A

r=xi+yj
LT x IR y To x- @R y- OFF IS 1 9 Sl <12
RGO G IFF I (RN |
A
P
I
i
A i
Y r |
i
i
O \i N
(a)
YA
2
I 1
| S
' i
r i i
| i
i i
o) ; 1

W

—Ax—> X
(b)
6@ 412 (a) SRR CSFTr. (b) 9o TGP 79 Ar 3%

S S, @36 TGN 4.12(b) 7k ora emfafe 3 it et
JARE t A P Rre @3 ¢ 7 P! Reyes 9if et | w0
R 26

Ar =1'—T (4.25)
@R «@f6 P (AF P SIS e |
IR (4.25) AN SART NFI 740 A1fF
Ar = (x'i+y'j)—(xi+yj)
=iAx+ jAy
@ACY Ax=x'—-x,Ay=Yy -y (4.26)

@39 (Velocity)
G TG TCCA (V) 251 I G SN TR AT
AN

G—E——Mi—l—ij—iA_x.F:ﬂ 427
At At At JAt 4.27)
A, v=0,i+7,]
_ _Ar
@@V=E,ﬂwﬂaw@aﬂmﬂamﬂ®3m|

(6@ 4.12) 13751 R4 *[T7 FTFEIS! 201 FSTICo st
S, S ([0 A 201 |

. Ar dr
AR, SIFHT @9 v = EEZ})E =1
5@ 4.13(a) (AT 4.13(d) 9T AR Y H2CS ANRFIET
w1 @t [ | @2 agjfers @il @4t ¢+ e PR
SRS TG AGITALCT AT | At At,, G At, T
TG IR P, P, 4% P, [0S SR 0 | At A, G358
At, T T AT QAT Ar, Arr,, G3% Ar, 20 S 7
T G FAEPHA At Wi At,, At,, G AL, (At, > AL, >

At,) I (a), (b) 3% (c) BTa 2mi® 2R 17947 At — 0,

428)

NGy |
A A
A ﬂ@@ﬁf& y/\ /A@@ﬁ\f yn ’A@ ya\ @1\
& o7 15 «
P B P~7P3
r I;
r I, r r r//x r
(a) (b) (c) (d)
@413 TR IR0 At O X [0 0, AT (9 OO v I [FLF AN | ¥ 97 TSI ASHTIT o4 (G AT

27/
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LRI

T Ar — 0GR AGRATAT €3 7 s a7 (foa
4.13(d)) ToaiMiet | oAl (A PR of@2TeF @-CFTat
e @ae wfege aAferitan €2 fmre ~Ks qa@a
=R sifeq wifere Frite =1
S v (& SHAICH SNFIE &] FA00 AL
dr
vV=—o
dt

=lim A—xi+ﬂj
At=0| At At

(4.29)

=ilimA—x+:ilimﬂ
At—>OAt At—)OAt
a v=i Wi
: dt “dt v

a v, =Xy =Y
@ T de

IR, TN x G y G FIAEA] T AR SCoFRLL
Gl A O TN v @GR v (& FCS G2 AT
F[IZIT A0S Al |

O v @I NIq 3T

(4.30a)

v= v+ 2 (4.30b)
IR v G ST fTIE 0 @l (ATF 2ihe A
Uy -1 Uy
tanf=—, O=tan | = (4.30¢)
vX U)C

@ (PFAV R, v, AR (100, 4.14 7% fora o Zaz |

g4 (Acceleration)
X-y ST (R I TS 73 IR 1% el 251 [0

AR G FAF I SIS
Alvi+uv,j Ab. .
a=4v_ ( y)zAUXi+ vj  @43la)
t At At t
A, a=adi+aj (4.31b)

xRy GIATIATF, ¢, GR a (F AP T 27 formgeed

d (dx d2x d (dy d2y
a,=—|—|=—%,a,=—|—|=—5
*atlde ) a2’ Y ar\ar)  a?

9 X
fod 414 @9 v 9T TARK v G v, G x SO
ACH G ORI O |75 BT v, =v cos 6, v,

=y sin 6.

L I A *[TF TR 203, T4 T G H=!
I 261 §A9 (SIS g1l

a=1lim av
= ALOA_t (4.32a)
@Ry Av= Avxi + Avyj, ToTR
~ Av [ 5]
a=1ilim—=+j Y
At—0 AL At—>0 At
A, a=adi+a,j (4.32b)
i, a, =22 g -2 4.320)*
T qe Y dt (4-32¢)

G SISITAT (I91-770 (75 LI (0 I GeICS
@ AL 11 A - ol S AT A 1@ 4.15(a) (AT
4.15(d) fora amf*fe 2w0g | t S0 e SR P g fo
F(EEIR P, P,, P, TR At,, At,, At,, T 77 I SR
ROMSE (At > At>AL) | 4.15 (a), (b) &=% (c) 5@ P, P, P,,
P, RC® (91 (SFT9ICT (MR RRIR | At &1 2ifelb (%,
(O @I (@St 7@ 2R B Av AN AR | TS PAIE,
9T TR TG @R Av I SIS @2 T | S (f
@, At ZPT 2SI AT AT, Av @3 Sfeyee 2IfF7fEs =7
IR FETA, G (SR #AfFAE© 27, ST, At =0
T (B9 4.15(d), ToTI SIEHIE T A7 77 @7
5l @I (Tl 2R 0% eTeitd 3 sifeyd A |




AV
vlf >
v

(a) (b)

AV
v!f %
v

5d 4.15 (a) At,, (b) Aty, 3% (c) At, FSHID T AT T TF (At;> Aty> Aty). (d) At =0 ST, 91 T22 & Ry

OITHT G 27 |

o I, GPIAT CFG (FIA TYT (9] 9%
Tl T 8 HRAC I 6 | (27 938 wfewrd
531 el wifesre) | afne fasifass a1 fawifas sifex owea,
@91 (TFT IR TR (SIET NGO (A 0° @3 180° @
TS (- I N 20 2T |

P THZA 4.4 G0 I SRR (TS ST,
r=3.0ri+2.0t%j+ 5.0k
@A t GRS G G F29AYeT G G (e
TR IO r TR (T3 €T 9T oI 2Fi*re
2| (a) FNT v(t) @R a(t) @T w0
(b) t=1.0s. 3C v(t) -T T €3 Tt el e |

Teq :

v(t)= %=%(3.0ti+2.0t2 j+5.0K)

=3.0i+4.0tj

dv -
a(t)=—=+4.0j
(t) T j

a=4.0ms?2 q y- Sfey2 e |
TUTt=1.05,937 v =3.0i+4.0j

GV GTNTZT p=4/32+4% =5.0m s !

GIR oYY 257

6 =tan™ [v—yj: tan! (%Jz 530( X-SCFF A0
v

X

<

4.8 o7 gaCe weay S (MOTION IN A PLANE
WITH CONSTANT ACCELERATION)

TR, G0 TG x-y O AR @R 97 T4 a 475 | S
I IR, 91T G992 PR AT I T, Q24 6
I, t = 0 S TG (91 v, G3R t I v, S FREPAS,

_Y7Y% V7V

t-0 t
i, v=v,+at (4.33a)
THAICHR ACATH v (F (=741 A
v, =y, t+a.t
v, =0, +a,t (4.33b)

G ST SR (R IR AR TR Fefd #7aes
o | GG Sifo7 (F0q 97 IS SIE1 T Serael
9| 40 FAR 0 G t AN SR (SIS 1, GRr
G YZ06 ([RPTR L v, G v |04 3 t 7 I,
ATCIN ZeT (v, + v)/2 | 979 BeT TG G=R IR AT

ofofepeT |
ro, :(v+vojt:((vo+at)+v0]t
2 2
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sl

1
= vyt + Eat2

1
l, r=1,+Vv,t+ Eat (4.34a)

@b 43 HZCS A A AW (@, (4.34a) FANFACR SR

d
w<fie d—; (AT (4.332) ANFI 2N AT 43R @fb =0 3107

r=r, %0 B/ S| (4.34a) AT GARTR SIPIT
@I |

1
X=X, +U,t+ Eaxt2

1
Y=Y +U,,t+ 5 a,t® (4.34b)

(4.34b) ANFACIT @6 ROl 2o x- @R y-SIfSqrea
9IS T ST S ferSaaltet 71, A0eT 4Rt AT | welfe (T
ot (famiifas) sifets qaemet qb st sfeery sfoqre
e g oif e ufb o2 gaifas oife e s =
¥ | I il aifer ResaeR oFa o 43 area
@R JFeel | famifarss crrge ot ey | [fer awa
sfafrfer o e 03 JRaiemreg sfesy sfoy
T 501 220 2 SISl 4. 10 S0 AR CFRLE (74T AT |

D Srizael 4.5 B t— 03T 5.01m/s 0l SR
(ATF TG *F FE GR x-y & G0 0T SR
FRNET, [ (3.01+2.0]) m/s* P g= B 27 | (a) (@
IZTS AR x-TRAIF 84 m , (37 IZTS T y-S
22 (b) 92 I T Yo F© 20 ?

T@d : N SRR (FeT ST,

r(t)=vot+%at2

=5.0it +(1/2)(38.0i+2.0j) t*

A
Py

= (5.0t +1.5¢%)i+1.0¢>

Todl, x(t)=5.0t+1.5¢>
y(t)=+1.0t>
ane X (t)=84m,t="?

50t+1.5t2=84=t=6s
t=6 sy = 1.0 (6)>=36.0m

Qe (91, v=%=(5.0+3.0t)i+2.0t j

L t=6sWIE, @ v =23.0i+12.0

. @A e gfe =|v| =23 +12> =26 ms '

49 fawifes o< @9 (RELATIVE
VELOCITY IN TWO DIMENSIONS)

3.7 SR 6 IR A 97 (0 WA @l

iFell el 5ifS 1 (@Il SR (g 43 TReTeId ATel

IR | A I, O TG AGR B, v, GR v, (091 sifole

(2fSfb cwrta Aael fFTreg @352 @ giE AToTT), o4

B &3 ATATH A IFF TS (39 -

V=V, VY, (4.352)
G SFIACICE, A G ACATTE B TG SRR (391 -

VBA = VB_ VA
TR, v, =—V,, (4.35b)
G, |Vap|=|Veal (435¢)

P Twizadt 4.6 I 35 m s giere Terweia N
ATTZ | GG W2 12 m s Gt ABHAIZ0 51w
7 (AT ~RouC ST, @RS GToR ZeIE
{9 R ?

T@d ¢ 4.16 B5wa v, IR0 @90 2P w0 9= WReIR =il
JIRIAECS DI SRR AR (@91 v, | TSR
GTIT ANCHATE | (AR T2 AL HeTallel O Ot

Vb
N
\%Y E
Vr
! S

foq 4.16
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ABARCFCER ATHTF IH7 @93 o 66 IBar @t A
BICECHRCEIN
Vrb: Vr_ Vb
4.16 2 2mfe foraa o W (9 (937 Sacaa el
0 CITE ST@ | (@A

A, e=19°

oA, Wf2eTl SHCR A0 2 19° (I ARG o
ol 4 [T |
TT Tzt @R 4.1 THIRACRTHA S0 Al Siten 0
T 91 4.1 TAZACY, A {6 (Q0AF A (ST
(TITFH) TGS FTI QT @2 TwEATe, qfEens
ABARTHCER ATATH IFBA WA (391 (76 (391 (23T
AT ) ST FACA | <

4.10 27F 9 (PROJECTILE MOTION)

A LA 21 I GG 2fCans) fReta Sl 2o aife
TRCTDa i | fTel 1 Aol ST A9 TeeRee XG0 2
JCET | I AP G FHe, G0 BCRD Fe, G (6 (@ [eT
S!S (] TG 20 A | AT 10 {5 St Gren’d
e sifex AR AN RO M T @TS AN |
@3B Tl GRS STHIT HOY TRT IR T T
Tollcet By wfoye IART Sfesy e oy 5T g3
et | sfEfene (Galileo) AL g Dialogue on the
great world systems (1632)-9 20T SOl g TFH
Tolicee el g 0 |

SR SR S 4 (7R (@ AR 9ifeq (0
IR AT 2SI Falely | 4.17 7R 2AWi© ez T N0 I,
SRS v, (01 x- ST A0l 0, (HIC SLCo| 411 AR |

TG 2ATHA FAF A9, GF ToF T o) SHAOII
o e e earle

a=—gj
A, a=0,a=-g (4.36)
Al v, @I BticHta)fer 2o -

v, =V, cos 0,

v, =V, sin 6, (4.37)

<
>

0, S1N Gy ——>

0,
I€— U, COS Gy—> X

Ol

v

5@ 4.17 6, v, QT 2fFed 930 AR A5 |

4.17 = 2nf*fe Braa < oM @ e A SR i

X,= 0, Y, = 0
O3 (4.34b) A0 203

x=v t=(v cos0 )t

UEK y=(v,sin0 ) t—(2)gt (4.38)

t FTCT (R TARH (4.47b) TR ANFA (ATF S| (TS
A

V.=V_=vV cos0
X 0ox o o

v, =V, sinQ, —gt (4.39)

(4.38) S AN ¢ AN I GfS v, G AT (191 0,
613‘{@ 2% (parameter) G TTT AT SR -
@R y-RIE A FF | o7 31, AeF aifed [ose
TACHEAF x- GR y-SEY TGOS foe 1 20T |
Q0o @0 Tt wrelffe x-Tsiiest #{ca aifors g @3k @
y- BN IO Aolel TG MW AR 200 |
ERIbTa M2 @3 g I28 4.18 7R Hrg @Itz |
ST 0, AT R0, v = 0 4% €% (P

v
f=tan' L =0
)

X

AR AP TNFae (Equation of path of a projectile)

AT ST AL ST 201 2 A4S (4.38) RIANFAC
X €3 y AR (T AT SoATIN I AT TR | S
Q{E’
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sl

g 2

y=(tanf,)x -——x
( ) 2 (v,cos6, )’

(4.40)
G @ACRY, g, 0, GV, §TF, O (4.40) 7T TNl 7o
y=ax +bx AEE, @A 0 GR b 75 | 4G Gl
wifaqres TR | Sidie AR 2ifie 2o 3 wfege (foa
4.18) 1

A
y
vy=10 N
V:V()xi
0=
V4
vy i N
78 Wox1
A Vox1 ? v
Vy :
N4 -
Yoy !
O 1
N
o
Vox 1
A
vyl

@ 4.18 AEE o992 251 95 SfiEge |

AN Tl (#fiere 7N (Time of maximum height)
@3B AT 5 THOT (S1TZCS F© T (772 0 I, @2
TS ¢ A e 91 297 | (Rg T Kre v = 0, 7ok
(4.39) TN (AT SN A1,

V=V, sind —gt =0
<, t =v sin0 /g (4.41a)
ARG (NG (TR T, 150 Geeawere, o (4.38) 7 AXFACE y
= 0 IO SAeT AE,
SR, Sl AR, T,=2 (v, sin 0, )/g (4.41b)
T, ( 2R Seeael 0T | SN o7F @, T, =2t
I G2 ATSHITSI Sy G 2P| 5] A0 |
TR AT St (Maximum height of a projectile)

AP D @ SHOR h_ (102 ©f (4.38) 7R AN t = t_
3 el =t 2w

v,siné, v,siné, ¥
y=h, = (vsing,)| 2 |51 22
g 2l 9

(4.42)

NTTA S 3% “ATE (Horizontal range of a projectile)
AT AT TR (x = y = 0) (ATF AT =0 oS

TR SRS (g AR OIS g 2l (R)
0| @6 =e1 T, CeeANICe SO 721 | o1 Al R
ECR

R =(v,cos0)(T,)
=(v,cos0) (2v, sin6)/g
_v; sin 26,
g

(4.430) TN (AT DO (, 28 ATF| (9 v Gq &, R
AT R AL sin 20, AT S 74w O = 45°.
SR, AL S

_U

R, 4.43b
g ( )

aq, R (4.432)

Trigad 4.7 eS8 ©F “Two new sciences’ I26F
JTETCRA (X “2NT AT (el 45° 9 A=y I A
G2 AR JCR CFE A 92 WS — @3

RFSiG e e |

T@d ¢ v, (@01 G- 0, (PICe] AP (iel AT 2ire 30y eve

_ vg sin 26,

-

G (45° + o) G3R (45°— o) CRITR CFFCE, 20, T TR
(90° +200) =R (90°—2a) | sin (90°+2a) €=R sin (90° —
20.) G T G2 0 R G NAZE cos 20 | SR 2ATHA
CIol 45° G AN @ A1 G22I (o) ZITR (T AT
G2 2T | <

R

P THIZIT 4.8 TG NARE TP (AT 490 m AT
T AR IR S IS S iFei@ 15m s’
AT @l GFT 2ANLTISG @TT | AT Al T4y
17, ALTAGH GATD (200 T T #1910 432 @fo

TAICE ) GO0 TGS I ! ool ST (K01 g =
9.8 ms?).




LECEIRIKIS

79

T@e : Al TS POICS Sl x-, 3R y-S(CH JEYICA
4T @R ANLFASGH t = 0 s I (=TI Z(ACR | TG I, x-
ST LIS SOy 2l ([9] TR 3R y-SICFT LIS
ey TaFeI ot e i | aifeq x-, Boliet @3
- G SRR R 4R AR | TSR FANFel oo 297
x() =x,+v t
y@ =y, tv, t+12)a, I
e, x =y, =0, Vo = 0, a,=-g =-98ms?
v, =15mst
T4 (1) = — 490 m T AILFAGT GoI T WS F(H,
—490 m=—(1/2)(9.8) 2.
G (AT AST AT £=10s.
@R BT = v = v @]
v, = vay—gt
FOAR, T4 2NLFIEH TP SIS 4 -
v, =15ms’
v, =0-9.8x10=-98ms’!
TR, 2NLTATET IS T&
Ju?+vZ =+15% +982 =99 m s~ <

t iz 4.9 (G BB 28 m s GIoTe S
T 30° I (=T 2 | AT FCET (a) D Tooot
(b) 92 ST ST (AT ST 0 T =R (c)
AT (AT G2 ST e @I 6 e
SN I A |

T@ : (a) 5N THS! AH &AM T

. (v, sing, )* _ (28sin 30°)*
" 29 2 (9.8)
_lax1a_ oo
2x9.8
(b) G5 STGIRE O L SIS oI

T,=(2v,sin6,)/g=(2x 28 x5in 30°)/9.8
=28/9.85=29s

(c) Tl (AT GF8 TP Oia @ @1 e
O(IC OFF 1% 2T ¢

(vosin26,)  28x28xsin60°
g 9.8

YR Y TTAFAT — GFA GTH (ST
e e

AT SIS fRTTTE ST, S AR (@ &A= aifeq
CFCE AT A I &SR (712 4T (ST T | G
5 FRITS #Iiag (1 «3ew fRgfoa =2l 2 9, e,
IR T - G AT TS 6T | 7 -
TR GRS sifen Rises R 27 | 7w Ry e
THPIFSTS (Tl g ©iF Al =1 g2 A A
SR 0] B9 E0H | O SfHgepi 2t Hgifere
G AT IR Sl S Agiasiel (AT <IfTo!
S 2@ | @S @ @l 2l T 2 o @l
GJTY IS 0 A | AT AL SAPRITS, @00 x-
Toliee SRS QTE @R (@96 Y-Sl SeaEe
Afafw 20| AR A ToAFRfere ama TerEz
AT 2 | G T AR KB 7S (4.43) TN
BIZCS I Z0A | R AH THONe 2AWE (4.42) 7R
FMFACIR HIZCC T 20F | TCeIAFIER ARITER
T Qi & S (T Sl T 72

QR NI ST S Sy SR T TR
S FTFBICe AT 1 2ATGH | [ 9S HES 3 |
S I R AN G FCH — G e 0L G
R R SIS AT PETAIRT SC<F T Y | RS <l
ol AT 9o T A WA AT AT HI20O SCd
I |

4.11 75 ﬁ@lﬂ ‘?I%(UNIFORM CIRCULAR MOTION)

Y9 G310 I =17 Bfore (G FeFIR 712 TP T bl
T4 A 9IS I eI 5ife 0T | I * =l @ @RI
Solef A gfs 47 | 0 0l @3 79 4.19 Forag 7 R
JPAICEE J@9ICA v T GIre AR (02 T (@0
oy Tae 2fFAfee 2z | OiF IQ THOFE 2@ | 5
S 2 TR M 6 i e S |
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LRI

(@)
fog 4.19

(b1)

(b) (c)

TR JGF AT (FFCG (I T (T8 979, T I AL, (@) A (¢) (@ (T 97) I 2 A |

JGICIT 2T 990 9 J0GH (P IAT [P |

0, 4.19(a) Brag TR @ICA G P @<k P’ [Kpre
SRR (€3 1 IR 1’ G @5 VAR Y | LGN, Il
Rt @91 92 Rere oifeq wifesre o Faa e |
4.19(al) 1@ @9t (T3F v 4R v’ 2 TER | (BT @R
fIeT @ IR FE 4.19 (a2) T 5@ (AT Av Areqi A |
@AY AFRHALAT JETF, O v, r G ToF T 20 GR
GFOII V', r' 9T G T | AR AV, Ar 9T SR 2 |
TS 1T T, Ar TR R 5:% , O 915 T2
a, Ar ST TAT T | SR AM AV & 1 93 1’ 93 TGS
CPITE IR ST T e O S (R (@, @b Jres
(F™ IR FAHA | 4.19(b) 71 o7 F& S SRS (FC@
Av 33 AR 2P FCT G2 AT AR & S (&FF IARA
TR 4.19(c) BTE, At—0 @R 9T G794 SICHLIT G
sAfFere 27 | @t Fm T Farier 1 wiefie =@t @i @,
T JEITR! IS I G 771 JUeR (% IR P |

BTET SR QLo G0 Wi e (7 |
TGPAT a 9 T 0T &4ve 21

lim M
At - 0 At
4L, TR (S3F r O3 1’ G TLIS! (@19 AD. RS

laf =

@91 (SFF v IR v/ IR0 SRR (ST T 777, O3 v 3%
Vv G TGS (e AQ T | TSR SR (ST A1 9o
f@gs CPP’ @3 @91 (937 v, v/ @R Av 71 91f9® fager GHI
4 203 (5 4.19a) | Toak @3 fagres i i @)
GFAITAT TR S 1T 917 TTe e (g ST AITed A
23 | wiefle,

jav| _Jar] (Jrl=|r'| =R, Jrea L)
v R ’ T
3, |Av|=vM
R
O,
|a|: lim Mz lim wzﬁlim M
At -0 At At—>0RAt RAt—O0 At

M At T EA ST AO SIRITFH 207 IR I 519 PP’ (T 2R
|Ar| €T ST I
|Ar| = vAt

|Ax]|

At

=0V

im AT _

T At >0 At

* At-O T, Ar , r G T TG 20 AR | TT T Av—s 0 IR FoTFIA V 978 SGeTq 201 | 07K Jeoired 2fss

e @ (Fm Sfey A 21 |
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TSR, ASTPH G4 a_ 2

v
a = |\R v =v¥R

wigfie R WRICERT Fe7TR v giots oifee @i TG0 Ga0R
T v/R @R Il (@ TR RN | QT G
RESTR awifqe WINPT Sferd® 939 (centripetal
acceleration) I0 | 1673 51t ©Iy (Dutch) Rl A6
2IR05IT (Christiaan Huygens (1629-1695) SISt gt
Rifire R 2o w0, e FEs IR R [em
fCH= 1< «ft @i e | Centripetal 215 %1% (AT GEICR
7 o ‘FHCYA | @Y v aR R [T, O wferwm
T e 47 | e Sfoye 7! (@@ifeyre #fFafe
o | SR SfSTFH G219 G0 T (0T 7|

AT e SR G IVT (@9 @3 G714
EFSIRE ] I FACO Al | ARG At (=t — t)
IR TG P (A0 P’ 0o I3, CP (7201 4.19 Hrag < A0
RITe SRS 27 | AQ (F I 7arg 01 | =t (Fifeis gfs
o (T2l SR ST ) (F (1160 FH0es 2R el S

A6
w=—
At

444

(4.45)

@4, T AT IET As 17 wfess 07, wiefie 7ft PP
As IO :

As
v=—o
At

g As =R A0. JFR,

v=R£=R w
At
v=Ro (4.46)

SIS SSPE §9 a_ (F (FIAF GRog AMTTE AFH F00
A :

@47

Y G G SPICS (@ I (77, O 97~z T e
IR GF CTFC TG L [ 28 OItF 97 FF v
(=1/T) a1 1 3Me G2 7 g9 Sfea@ 7w s = 27R.
IO, V =21R/T =27Rv (4.48)
TR v I ANCATH S AT,

w=2nv

v=2nRv

a_=4m>vR (4.49)

P TH1ZF94.10 12 cm TP FEIFF W (A1) S
AT GHB (A e IR TSI 100 5 9 7 IR
S| (a) AR aifen @i gfo @3z @R gfe
92 (b) T (ST [F T ? T NI IO 2

Teq : b (G 7w JER 9Ife7 Tz | 9T R = 12 cm.
il gfe o ey 2ve
®=21/T=21x7/100=0.44 rad/s

Wl{(@vﬁ:

v=0oR=044s"'x12cm= 5.3 cms’

s 2iff Rz =i 7aiaa @t v [ | gaet qres
(% A7 T | @Eyg @2 Sfeyd s +if7afee 27,
©i2 QT §19 R (oFa 7 | 3fns, TR W 7 -

a=n’R=(0.44s")?%(12cm)

=23cms? <
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RIS

10.

11.

12.

13.

RG]
CFAIR A1 257 @ F1 TR (T A =N0R | Swizgels)fl 261 13, g, ©F @R e |
(37 A 251 g A A T G3R U T2 WI0= | Twizaeis)fe] 21 77el, (@9 @3 G | 931 (0T
rersifaves RT S@RM G 5T |
G0 AFI AR A B G0 (TTT A (T 9l FACH 0T G0 (0TI W IFAN A (TSI N
A 59 G3R 9T 1, A A 206 G2 SN AN 20 [oide e 27|
9l (ST A G B (3 TAMDIaR I el (AT #1*51% A% (head-to-tail ) A AEHS 21 2
(R TG T I |
(S%F (@iat [T (Commutative) :

A+B=B+A
«ft AgCat 948 (associative law) (T BT :
(A+B)+C=A+(B+C)
ﬂﬁmﬂ/@?a“lﬂ] (%4 (null or zero vector) WWﬂﬁ ©37 | QR e *[7, SN G

w2 S F0S A T | @7 «afojfer zo7
A+0=A
A0=0
0A=0
A-(SFF (AT B (O3F RAGH, A GR —B (TICHF TRANGH @i ARI® F1 27 :
A—B=A+(-B)
@3B (SFT A (F GO Y6 26 (ST a GIR b IART S [reifere ware A3
A=Aa+pub
AT L G3% P 251 A FR |

A (SIEF A0 Go© G5 G5 (937 (unit vector) -G e IF GFF €% A (SFF IS [T -
. A
n=—
|A|

GFF (937 i, j, k T TEFNTS! TR 7L (right-handed coordinate system) IARBCH x-, y-, bR

297 A [N 4 (937 |
G0 (SFTA (T A A

A=Ai+Aj

@AM A, A T x-, @Ry 9P AR G THAIA | TM A (OF x-S A0 0 (1 35 e, O
A

A,=Acos0,A ~Asin 6 9R A=|A|= /A +A], tan6 = A—y.

X

el 2=t (analytical method) FRUGHFCIR (SFACE ARG I AR | AM x-y O o
(93T A G B 9T (@91 R 2T, O3 -

R=Ri+Rj. @4, R -A+B &R R =A +B,

x-y ST G356 IGF SR (9B 1= x 1+ A IS GIR 1 SR (/T 1/ SRR 77l
Ar=r'—r
= -x)i+-y)]j
= Axi+ij

Ar
it 66 g, AL Ar T SO OUT € 9T (o1 v = .t FCR <66 gt (3, NS CIERRECE S|
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14.

15.

16.

T STGTATHT AN A A

lirnAr_dl'
V= A O0AE dt | IFF (SFFT ATCATT AT 2 FACA

- N . dx dy dz
v=vi+tyj+vk SN Ux=a’vy=a»vz=a

RN (I RIS 7= 9 I3 f[fon SoRie fofere Fate g7 @ AGIF=I2 sfe I, 63
AT @~ RS v o =T 397 27|

_ v-Vv Av
It (T IF (@91 AL T v (AT v -7 A7 27, O3 @3 9% 57 203, a=— ="
CRRITA ¢ TG Tl a T At -0 ST @ G AR A
a= lim A_V=d_v
At—0At dt
A SR, O 2R - a=adi+aj+ak
_dvx _dvy _dvz
GG = at T ar T ar

it @3 a5 @B O @ =|a) = \Ja2 + a2 Few g oM 7 @R = 0 T G TR
(O3 r, 7T, O I G & (F RS PRI S0 O

1
r=r, +v,,t+§at2

AR T ([, v=v +tat
@WVOW t =0 AT I,
TARTR R

X =Xx,+0,t+ %axt2

L 2
y=y0+voyt+§ayt

v, =D, ta,t

v, =V, +a,t

ISR AOTE {6 A1 o SIS 76 52T Jaiie GG 5ifex SHAfRIoTgest 4 1 A |
TTEIS 2T T TGS A (projectile) IC | AW GFHH TG x-SICHA A0S 6 (@I v, (@091 A6
2 @R M S ©OIF AT SR RIS AR SRR A0 FAAOS 43 (72 O ¢ TN
AT SRR G- (@91 TG 27€ 24
X = (v, cos0)t
y=(v,sin0)t—(1/2) gt
V. =V, =V, cos0

v, =v sinf —gt

Wﬁ%ﬁ?f‘a‘%@f@ﬁﬁamaﬁﬁ{mwﬁ@ ;

2

gx

y=(tanf,)x ————
( o) 2 (v, cosb, )’

2 A (@ THO! AL T ©F T
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aRIELn]

17.

h = (v, sind, )’

29
@2 THO (TRCS (X I AT
t = v, sinf,
g
A TR 20T TS GG A I AGTHIC y = 0 SR (=TS (@ ST 739
T OITF AT 21&! (range of the projectile) 0T | Afb 267 :

2
R="sin20,
g

T G0 @W@@W RS N& [RACEREECE] ﬁ%@mg@ﬂ 9ifS (uniform circular motion)
I | G GAEF NS a = v2/R | a, IF SO 77 Jreq FRIGq 2 |

FIF G o 2o @I H0es ARTOTT= 29 1 46 v aq ATl v = o R A T | 50 2 2 a,
=o’R.

Tfit FE 2ifTS gofToieT I AT AT T =GR G FMT v 2 OF SR AR 0 =27 v,

v=2nvR, a_=4m’v’R

m (o3, awvﬂ%ﬁrwar @I oz
RIS A AT |
A9 W AT [L] L _ @ -
9 [LT7] ms
v Ar
(a) T© v G
dr
(b) Sl v . o5
T [LT™] ms”’
(a) M@ a g A_V' .
At
dv
(b) SlewaF a = E ! o3
AE aife
(a) BLTRE , 1) s _ g sinfy
i
(b) T Tooe! h, [L] - _ o 3211;90]
(c) ST 5= A= R (L] n _ H%Sin__%_.{_)_
g
qaﬂ " AO v
(a) I gfo ® (T] rad/s 2Y_°
At r
2
(b) STt = a, LT ms:
r
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1.

(ST (7217 f9Tez [ POINTS TO PONDER |

6 R S G5 TGS SBIG AT T NS FCE ST A ] |77 (T A2
Toia S I3, ST TG (A (AT ™) 24 2127 Go7 fda 307 | 9IS verpiatiay af ag o
SfGTR ARAG I I O 56 A G52 20 | AT FACHCE, 2ATLE O AT SN (G (@ 2T |
TATT 1 7 S0 2IfFrafrs, MvS 7w a4t @i a9 57T gfod W SfeRTe ST i Al
@ =03, W ST SRR ST A 27 O 95 i T 207 |

(4.33a) 3R (4.34a) (STT ANV S fAGTR ol fSa S0 11 | S22 oS A (- 5o
FE o 39T [Feifers 0o 7 |

T GROT SN TNl I JOI 207 (@ A9 1 A =11, e 777 Jeiy 5ifoq (i A
M 47 5 @7 TSR AT TR |

PRV, GV, (07 G5 TG0 BRI 14 T IO K (@A RE V=V +V, |G 7S 278 TG
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SEpAETe
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FACS 10 min I (73, S AIZCHT SACAR (a) FARK 7, (b) 57
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Q
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4.17
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4.20

4.21

4.22

4.23

4.24

4.25
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@ T T R TH©! 25 m | 46 40 m 571 FOTS A @3 o1 ZoTHCF BT SIS 1 I ST A
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(a) JEATR SN ITT TR A g0l 7 (T SIS TPIE 77177 [Fabfet |

(b)  (PIT AT AGRATIT (TN TS T ([@91-(0FF 701 @ Ry oefs 1< eamian |
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G T PRI (03 o= :
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HRIT (@~ AT (g oA (I 706 fey
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@35 T T2 (ATF 3400 m T fex BT AR 1 7 10,0 5 T W00 @67 9 SRR T B $ow @it
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4.26

4.27
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4.31
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TG BT SNCAIR] 27 kin/h GRSTS BT BRI | (7 A GFIT 80 m AT JS IS (RS I (7 2T
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(b) (AN (, ET (AT 2P (I AT AT (I 0, TTFICot A 1 T,
—tan![ m.
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@A fozoifer 2bfere st A7z |
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51%¢ S (INTRODUCTION)
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AL ST ST AL S Seeoid S i 3 Ted Sl < |
@35 FHIeTF PRARI (AT SIS FACo GFSF T2 FIHITe il
RTS 20 | 36 AAF SRR [ FA00 206 G363 «ibre TRifeyt
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GBI TIRRAI9CEIICS 0T iR AR (20, e, daiE Afs) awga
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5.2 Gf#PB6tea argYAd (ARISTOTLE’S FALLACY)

TIfoe 2ifG SNANTSITT 72e N0 2018 O T LA |
TGS, A *oTF aniferfere 3 emifoa 7w Tex frcafzre
ql [Ebraa IRt fofe ¥k wigfie Reis s
Bfereqid |
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5.3 Twela 9@ (THE LAW OF INERTIA)
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IR (i) Towel I3 FFITSY A 5ifs w=ifes, @A (ii)
TSI oIfS wfrgs W3k ( iii) SFTefie o 1S @ 7fox
TSl SR | iferfere @3 PRIt Toie & @, wReEE

THRReFYel, a0 R fox Sueatas w forze
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m T eARAS gl a7 &y,
P _ 4y - m® - na 653
dt dt dt
wiefie oS ol @eitae @l A,
F=kma (5.4)

T O, F6T 26 T ©F (1m) IR GACR (a) JoFERT
A |
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GG (- CICH] G H 2w S FI ! S AR |
TP &) SN 217 F & = 1, @S 3@t 20
dp

=g - Me (5.5)
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3. @3 Y ST g AT (5.5) R @ e o™
aif>1afs etarey 1s@fre F 3@ St $or it ifers

TS (@RI G3% a FEABF G0 @R | IS 92 77@i
GREFCA O (G, I SR ARSI, Tl RN
CRTAS SATAIST | G300E, F 7RI Sof (NG 10 (RN
@R a FRINGT RS TS @RIT | SIfFeg =i5el,
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ORI 0TI N IR LTS 27 | ARZ, G2 SRR ENTS
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T© 9o 2YT 2R, (77 39 | (407 e 767 5ifs
FEACAIF)

=0.15x12—(—0.15x12)
=3.6Ns,

o = 3.6 Ns,

GO TCe @A W [ |

@t g3 G5 Twizae @R WIHFFEOA @ TR THAT
TIPRTIeT 2@Tfloa S 93 FET @ B ARG Srlel] 671G |
g wref s1zre e a1 7| <
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FPTCER Siggel 5@ 5.9 |

S 76 A4 76T 267 Ol Teof Bi @) Feik-« Bestn
366 | TX2 @6 Pk s A gl FReifoe wea
IS 91 27, L2 G 2eTITE A0 BB 2 | €2 FEA>
NS FALCRIG ST AR (7 FACR &y ) Il oiifos
27 | P2k (0 (F) (F 9O @141 AR, F = — k x @I x 28
T Rk T I G7F | s e we 7| @, @
ARG SRR (2T Pk SRR Risidres 3 | 96 Setg
OIS &) 6T YRFI0F Tiel (I 2 | O 5 AT w00
T 2 OITAR B | AITSIR ©ITFR G 43 BIe 72
91 2 | GF TH2 O (F0F G2 SIS 7y |

TG 1 @, SR 2Ffere Akl Rl e A TEeH
(SR | G S q4et @ ={fEIeT Ie9tent (@ ¢
TN, QeI e G IR SRA ! | (@RI SIS
A G SIS IAYCA! TR (@=FI2ICE AP 27 |
TR CHRTTE ffen Ao Terojietl Eareei eiftfes
TR 20O TYS |

foq 5.9 I@fRWIR Ao FeT9YTaIR o Stz |
* S1zer FAIF T SN G @ FFAT IF {5 FF [ | 99TENT (G RN I BIIE (IGOF G2 FHAT I ZeT

ST} 4T |
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@51 Y2 FRGLEE ST 20 (F, IR SN (TN
RS € SHIRT TG I TR | SYIFT T, T

AT oS T SIS It f[{easa St (B9 5.10(b)) |
TS (@ e 1R ey @it 9iey (1R | 729 @RI

PR ST SoAmafer (e @3z BrEregae)
Bl Cofr gR TR, PRfewismel, Sk Aae @
e 2gfed &t Ses RieT wag AereiTe e,
fafen aga wifze Comrnes W e sifefos
FAYCER &) 2 | @2 Fe19[TeTe Rifie et i qsfelas @
GIibe] 23 G FET RO (RS QI T T IR
FAIF (G 32 AR 3 | &7 S 407 1971
Bi@ere (ARG e ©gsroeIa e 1 27|

5.9.1 el (Friction)

@6 GRER TR meEe i g AT =g — @2
Trizeiibre el g @ity | s din s (mg) G
Ty fefe o1 al Afofie &2 | @ow 4@ T IGow Sos
G ST @ F AR 91 26 | o] (A SNl
oeefR @, @3 7 7o Atz IgH AfeNeTor o=y TAS
e 7o AT | g IG0x ToR 2T e F (FIeTE AIfrE
51 20, A6 T© FU2 @IF Al (&, G0 S T2 F/m T
S 23 | 12 Igh P Aw, T Sqgh e
S G T AT =GR AT T F (T 200 S TG0
TR (G w1 96 %[ 30 | (BRAGR IATR AT Al a7
S[POTETH ARSI I, G2 T /9ol T FRAN S (e
e AT AR (5@ 5.10(a)) | TSR T4 £ (AT 72T
I @RS bz (s)F Frre T owia 75 T

F F
£ — fi
(a) (b)

@ 5.10

e @3¢ O3 T4 - (a) G0 ITT WoeTIel
131 513791 B3 61 23T | 74047 A2 7E 9T 71 GRCAT
TR AT ST T ©IAL TG 5oC© N
FF | (b) TFE IO beICS NF P 0O 57 ]
NS 391 IS AL 3 > SETGI W2 STl
WETEF 141 L | ST T4 4179 5%/ e/
SN ST (ST P 2T |

CRRIT 2T FET ANTF N, GIRAT (I Frowett A 1 132
(1 ZT6S AR 2T T4 FIRIH G35 71 2T 27 | I
e @ 2T 39 F @3 3@ STl @3 (S i 71,
T ¢ Roe Y £ 97 I T06 | qereE 220 PR =19
e | e 93 sifoeRereits Al o | sifSeRers] smfs @R
@, 3 I 1 AR, ST AT AT S a6l wcafbe 2w
(RFg eperitr ol @) |

wfgees! (AT SR (e @, 2gF 39 3 [inS
A S S0, TG HEICS XY | ANFRETFSI (7l
TR @, RIS T TR (f, ) e St v
TR 27 @32 Sl Sa IR (V) AR 9o
sAfgafew =7 :

(fo) =unN (5.13)
@Ay T G0 FNAITST 375 A @Fera A=
TeRE aFfen o fea v p (IO Frrewl
5Jol1es 0T | RIS IR 9afb GeIta @7el (@S AN,

f<uN (5.14)
I e T, (f,) @7 @ o g ot S
5ETCS % FAC | AIHREFOI (7l (I0Z 0, T2 STaCTT
ST SRS 5ifs W7 23, o3 T e W frre TR
A TG () SO 0 T | <ot Setare g
SR 2ifSx e e vl 7150 orSiw a1 be =t e
R £ B 2 T 2 | R TR S TSR 7els v
SRR (R (TP 209 | ORIl 22 A aiferae) fassi
23 | 33! S IR Segg el @3 97 ey e

f, =u N (5.15)
QAT g, G T el &G (TN A Tt Toie
S0 30 | BT Tramfre TR A, 1, p 99 5ETS
T | T AT A %7 27, 4 RS @A Igfoa
QAR (F — f, )/m 133 {0 sifeet @ aga e, F
= £, 1 3l g Toiw (AT AT @A AR (el 77, O
TR f,/m TGRSR I (AT A |
TifaTT TR QR Sifeasiy, ofde @R pHRIT IePHE
TS & F@ATER TCO! AW AL A | G 2T %A
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A<

T Tl (G SfeTFeIta 7o) | w2ifst qafamig A
SAIACEITS Gl Y- SATAN |

FGAR, T GBI AL A, T ST a1 T4
T SIS IR | TR A SR TG, F<wief
FAfbar Soiie=ifbE 2o v @, A S 7o Wy oifS exere!
2} WA SISt Qtdl O | FTAR (@, 9 19 At
7T, WS Sifors At 7w | €@ T @I gAfeS G
FINA GIEANCS G0 19 A0 N0 | 30 A6 GG ATHATT
g 2, A Gt Gaba Mt «Feei waifee 23 | @i
AT O G DIl 2 2 ™2 H0E, (FRANNG ST g
AT SRICT (6 251 T 97 | I (Tt 929l v =1 e,
@ GADT GG e A 93 el o ) AW @3
A SRR, AR (43 GADH 2PF5W ©oiGTre Sare
FAR) | G2 AR 9ifoq 2ol e a3l 71 £ mel Aiaiadie
23| e 3 Afbre GAlba s wRe @il o @R
G AT 22NF PR A |

TrIzge 5.7 930 GUR (R O A 930 A

GToF A T G Ty PR A1 o fefzr 341 |

el TR A0 Gk GAbT QR e e T2

sJeNes 0.15.
o7 @Ry AT g e ¥R o 2,

ma =f<uN=pmg
Tdfie g < u.g
sa, =pg=015x10ms?
=1.5ms? <

P Tmze 5.8 5.11. R0 4 kg a7 @36 75 @0
S ST PRI AR | TG FITS e
1 26T o9 | G WS STSFFI AR 0 = 15° 27
G FH0 2120, 2IBTO A I | FF G2 SEI0F &)
Frrew 9eies Fo 2

TEd m OEA I TOOETH G PRI A SR et

T : (1) €T mg TSI FITG RFrie (ii) we1aiai

07 ol SIfeeTd I61 N @R (iif) sifeaere afsaiiat

I TR T £ | AR G eI o1 7 70 |
ST mg (3 e 1t e [Reifers Faee, i@l 72

mgsin 0 = f.,

mgcos =N

0 I (7T AT FizEgs =3el 700 (£ ) I AT Towee
q0=0, TWER £ A W oS T,

(fo) _=uN
oA,

tan@ = pu or 6 = tan' u
I 0, 0, S AN (@ =, O 0 S0l T
W (NG o1 AR G32 @fb FHRsiics w7 T3 | 75 @
0, TG p G TR FToTAIe G FHoT OF foaTe®
27|
g, 0 = 15,

u, = tan 15°
=0.27 <

P THzT95.9 5.12(a) + 517 Al 35 @ Gfer Ao
O T 2, T AT @R wAba Neg sifew a6
5JAN1eF 0.04 22 [OIT O F902 (¥ g =10 m s?) |
OIba O ST |

20 kg

A\ 4

—

30N

0N fx T

(b) (©)
fog 5.12
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Te7 @Ry Tl SR g3 S’ Wy, 3 kg I 9%
20 kg G0 ToTEE 9@ I 201 | 3304 sifew cwia faor

sifearat ecaiel w=cet (@ 5.12(b)),
30-T =3a

5fba wta fasi oga ettt e (5 5.12(c)),
T-f =20a.

GEDR A =wN,

U w,  =0.04,
N =20x10
=200N.

s Gfetfbe ey sifex it 2,
T7-0.04x200=20a &3, T—8=20a.
OB FNFIEE (AT N = 22 ms2=0.96 m s2 3%

23
T=27.1N. |

WIS 939 (Rolling friction)

Tfereel ¢ &z @@ GFfH coleTea vl 9t T
G ST ST 917 A FHRTe ATt e 12 Siged
T | G TG0 I3 Sa1foa1 05 2 Z0S @7 9F(6
wopffIe AT R CHAB AT @2 {53 @I sl
1S AN A | G2 S SRRITS 2ifex 12l e a2 =7 =5
@I TG AT 9TOICS AP | B SN (729 46 €60
I @R 91fS 2ifSTaias (S @) e v wrelfe 7 aifera
G TG AT 20 &7 LA P 2ATATE | 458 S
CR(G SRS T (G 2 A1 3 0 W) Froweel s
S IHR (ATF ST (B! 2T |

TS THER T WA @ wibe afa 1t e wwfk
@R ST T (AT Fgh! fom | aifSra T s, Fgepf
SR TS Gy AN [P0 3 = G I TFOH G0
Hifsre e (975 g 712) wetfloa A10ef G | Ferag e wetfon
FAIGANCE o Fefoq TG 2ifSta aifStaia w1

o 2R PRty SO SRIfge A 4 | o
sfafrieTe @ «3f Ttge fefMie ffem sieistente wieR
GG Yol GhRA Witz | Gfb SITwES aifots il o @3
& *{fE OI5f G ST *RECA S5 2 | SR T
TR G0 Sl 7a1 07 vl =mief a1 (a1 T2
T | 2R G SR 2T TCH (6 I ST R AN
AR F [5G 5.13(a)] | TARTITR G3R ST ~fora
R SRS IR e 43 T QG Gy ¥ SI9{5% 5 23 |
G T Lo NGy ! ST aifea=oim ireet it (rezt
JYET 26 T FACAT AT 46 FICAATN =S [Ba
5.13(b)]

e otae Awd sAffRfere a wfe eraremm 23|
TS 91 o AT 511 T ATAIS 27 1 =G Sop
I | TG IR IR (@ IRRES a1 @i 78I 27|
GO el G Freweel g siel | Teteia TR
ST 2150 #iif | 5ifS foifozet @l aw @3 (6 9N sifediet
2P TG N | G FSIE AW ST DRI 3R AW )
w7 9l 75 e waifee Fare ataream AifFs 7=
I |

fo@5.13
SO N Slol (e ATET |

(b)

T ST IO SAT | (@) 9T TCFT GeATAN SIRHTHAR 0 IATNRIR T4 | () ST 91fS 7o 7o
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CGRIEL)

5.10 g&1 5fe (CIRCULAR MOTION)

S 4 -4 SR (ORI g v T R It et
AT AT G0 TG G290 VYR (R e 630 07 | Sl
SR G 9l ISR T f 2,

mv’
fc - R

(5.16)

QAT m IFOF & | ([F@Ifeyq G2 FIOCH Sforwm I6
(centripetal force) F&1l 2 | 301 @l GFTb #1240 G(G €
TR AR ol T SR IR @A 77 | 0a
ST gefealiet GG 202 CFia SIfeTa® I61 261 21259 Gog
A NEFAR T | G0 TSR AR ToRy @36 S

(% 20O AR O @A7ere e afet @iy 07 | ANl
(5.14) @R (5.16) AR I ST 413,

2
mvo
<uN
R Hs

f=

RN
v? < 'UST=,uSRg [-+ N=mg]

Tt NETa o= Soim fsa s =t | @ft (At @RTAT @ My
@3 R @ TG ST Sy et geferare aiifefba gfs s
70,

(5.18)

Umax =+/4sRg

(b)

fo@ 5.14 @35 M7 T oS () AT AV TAT (b) IleF AT TAF

FETR AT R (@ I @0 o™ o | G0
FeE G JEHIE AW ToAg 3 aNifSx germ aifs,
ST @R 2T G ST Snizze |

e AV @6 AT 9 (Motion of a car on a level

road)

NEHa Tz eaiiet foafs a1 [B@ 5.14(a)] :

(i) T e, mg

(i) Tary alfefeal, N

(iii) Tl T, f

UGG ST TP RIC 53¢l 1 A

N-mg=0

N=mg (5.17)
SEHA BRA9YTET 2R ARG 0 A A1l @b Sl oie
B IR Gl NS Jeriel 7217 R Sy Sfe®
IR QAN (7R | FRGRPAIT @52 21 ool 7 | o7l (T,
e 73 Tah Sifetam SRR Q@isie o | gefasre i

e AT T2IA @6 9NTTA TS (Motion of a car on a
banked road)

@ olifeq Fer fex vt T SRm St [ T
I AT 2T | T @R T T e #[7) 2T, @3
e (Il <1 w03 #[w 23 |

SR, N cos 0=mg + f'sin 0 (5.19a)
NG f G ST GoAI*E S b (@Il (7 |

mo?

Nsin 6+ fcos 0= (5.19b)

g f<uN
B CEIN vmax ST Sy
f=uN I

AT (5.192) €% (5.19b) T,

Ncos 0=mg+ u,N sin 0 (5.20a)
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Nsin 0+ u N cos 0= mv2/R
R (5.20a), 20O SN 2413,

N-——T9
cosf — u sinf
RN (5.20b) (C N G GATAF =9/ I 113,
mg (sind +u, cosd) mv?,
cosf - i, sind R

(5.20b)

1

+tanf ¥
S, Uy = [Rgujz (521)

1-pu ,tané

@O AT (5.18) G AT GoTe T S (AR (@ G0
ifes: TT AW Tolw @ M7 gied iy T S
O AN (ST (I & | 7P (5.21) G 0 p, = 0

20T,

v.=(Rgtan0)" (522)
G2 ST, ATAGIR SIS &1 @AM (g 7] I
ARG 2 1 | GG DRI AF 2 Gor N Bl
T BRI A 52 200 AT | G2 AN GO T @,
V< GF G, T T 1S I S e 203 @3k e
AF T A@ M tan 0 < .

Tzl 5.10 18 km/h TGS MG TIes AW G5
FNRCFA BIERF 3 m A JEBITH T (717 | 51 @]
AT ) F=IS 2 el &s 267 0.1 |6 (FSTR AT
FIBCHE BIETE Pl (R0 A 2

Ter @36 IRRRIT AV, GG A 56T GF0
JOI S A1 fo1ecet fsiet AR & TGN Serrm
T&1, 9 <1 G2 Qe orw | 3 gfefb 43 @ 23wt
Fefb 4 S 2 (Wrefie s AR 23) WLl T, AT
ST T (9NN (FF0E Tl (5 0D 23 1 G AT
BIET (AR T | AR G111 et =1, e

(5.18) SRPAICH:
vV <URg

G, R=3m, g=9.8ms~?, I =0.1. oI, W Rg=2.94
m?s2 v =18 km/h =5 ms'; 5fe,

V=25 m’s? | G *Sf ATA ©f2 JSHIH I1F FETT
T AIZCE 1T A% T | <

b Tz 5. 11 95 300 m APNET JEFE @GS IR
1fese (lel 26T 15° | I GRTRICRR BIpI9ICetl 9= AIBHR
ST T el 0.2 20 (a) AfSTRIAN aifTa oiei
BRI 2 O A (391 (optimum speed) 9 2
@R (b) FPIRTET TS GBI &) AT S]]

@51 (maximum permissible speed ) ?

Teq G AERIT AV G0 NS 7 2=iet Jers I
(ST IR ARG SS@" I @A 0 (TSI
T AT AT ST Solic @R T <9 | ST @0
(optimum speed) CF(q Ty AfSFa TNt ez
SSTF® I6T (@A (0 T 2T G T AT ATAS
AN | AT (5.22) ST A @l v, B -

v, = (Rgtan )"
QTR = 300m, O = 15°, g = 9.8 ms?2; oK,

v, = 28.1 ms".
FANFFE (5.21) (ATH A ST (@9 (maximum
permissible speed) v, 20 :

1/2
U = ng =38.1ms™! <
1-p,tanod

5.11 FERWIR SEHITEAR AL (SOLVING PROBLEMS
INMECHANICS)

@2 I ot 1S T=ifFe @ ool 3@ cerrm @
A AR fefe | (ol e I [Rfes e
STPTEN AN AN ZER | I 46 Ko ey
FIIRES TE9TER 1 GO TG CoR = 1 | AR ST
TR TR I AT (ST AT Z( (AT T
TF SHATIT BT I6T AT I | SIRT AT ATSIF
YR ST T SR A | 2 LR GF6 AR AT
CFCG SR TR (@~ @3 et fodifoe Face
A 932 Ao wxeifba S o STz Sro Sicsierenar At
R A TS FCI O Q9T AT I | N
e Si=ifbrss o=l 2R FAMTATR SRS ST (@3
eI F6 AIRIGTEPTR) #AfC F@Ire AAif | ITiaE w1
TRIZIAYCEAITS S G2 2= Spiae TR | IR
GG AT I AT N F00 20, e
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sl

AVCFAYCEN SR FACO B

() TYICH= fRfSw SIRTeR AL, ST o Foical
@R 93T o =repel T |

(i) BT G SN St @I AL AT
[RSERIEEI

(i) ¢ sj2< fog i A @3 RIHE G AR
SRS eI miEl F15ITTR ot R qer9itet (iR |
SR Sl FARTE! 7 €2 TR TAT Feoitene
T ! |7 AR ARTIT Tl 2T I TGS
AL | @ &= o ‘9l T 7 o’ 2w #Afifbe
(7 S @ Rrafoe 7=ifba (i <@t ==y — @b w
QR |

(iv) <36 T 3G or@ IET9/TE TR ©L (IR A=l
@ fAReJTETT) T 2T (RS ST 12 AR =T (oIt
AT S ItwE T SR (XN Ol it s afbs
) FAIRA) | SRS SISl 2 40 1Sia g
ARZIA IR AT F00 27 |

(v) BTG (e, B9 @36 [eafbe A= @2 2=
ST I | GG TS B (WG BT oI I 2Tl
TN T | A-93 T I 004, B-97 &) 4 97 ST @I F
ROIE (riTte, B @31 3¢ 3¢ ba, B 931 ©7F 4 931 &)
& —F R[4t 201 |

e Snizgel TARTeTE Amiobes i< 3 -

b TwizFa 5.12 5.15 B 2 kg ST 996 T T
G T TG (TR Sl PRARRIT SR |74
25 kg ST G(6 (FIRIT (B8 IO G AT TR/ FACH
@RS APTSa (5Tst AT @R FFHS GreT
G 0.1 m S’zw% RIRGN OI(SNTG (T RIS
(a) 5TF @R (b) A AT Tz 307 Fai Fo 2 47
g=10ms? | 9ZTRire RRl-afoke (e
S AT |

R

(a) T N Tofw Fre Feace | @ibw e 7 fora 7iow
FAAR[A 2 x 10 =20 N 3R FH07 oA (R Targ 71
R | & 34 20O T AR 07 T (NG TeT S=2 )
2RO R=20 N | ORI AP g7 520 (Seffe

FEAAR GIRE S9IF 2T I610 ) 20 N G T30+ 203 %
IO N 0 RFAe |

(b) FRIG (FF + B18) 0.1 m s251c fFfeyd waifes
23 | <RI 3T g o H<o=lla it gfb T (i
SR TSI (270 N) GR (21 Targ afsfmn
e R’ 137% A i 281 AR I8 Igbaiee 35
8 (BITS ) Srer@1el I (I 22 | RN

oy )1—%41 AT I AT T,
270-R' = 27 %0.IN
gidfle, R = 267.3N

m %

e I 7 foa

u }R

s

270N v
T3 + Bl — AT
T Ig foa

fog 5.15

SO I (N T GHFOICI NI e 7<=l i
267.3N 2|

fea-eifsfen (ST (Action-reaction pairs)

(a): 9T &= (i) F0F ol oJfAN7 wfewT 991 20 N (Rezt
20); I =l AR (dfefm) So Soitaa
e 751 20 N 203 (g (el =3 W) |
(ii) TF A (IR Sofg Sifexssiz a1 (RFa); I
B g7 Sl 7 (AfsfF) |

(b): 9T &= (i) 7R AR AR T wfes T 746 (270
N, &t 20e); ol ml AffeSe wfesdin 7a
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(aifsfmm) 270 N, Boitza facss et (foog it
@) |
(ii) RN @ IR S 7= (/) et miat
FRIF Toig =0 (AfSiFM) 1or=el (b) 31 ¢Fta
B8 A1 FFHT BT I6T IR FF A (BI0GT ST
Te1e fal-afsiaa (ee stom e |
S 71 (G 2a1 feanl-aifs st cere, sitaeeifsias <@tejten
e aifde a1 4ft w7 cwg TR e ¢ Rdroy =3
G2 IR TR A G Rofros R il 7ot e Rel-afeie
(ST 9191 FACS 2T 1 | (a) ST (b) I CFF ©AH 7T

S o1 G IR ST (0 71 Tar 7 (- 2ifo i
(ST T | (a) 9T (GG ST PRIF AT €3 IS I
= I 200 A | 759 (b) 7 ¢ G5 28 1 | 7RB7
@& 270 N @I ST 3T R 5 267.3 N 27 | <

R TP TR (0 TS TG baoj et oz
IR T | (I ARITE TN TGRS T b AR
R (X 7 IR AR ] R0 =31 G =il 71991
T FeT9ieel o =31

Q FIATT STATNCEN IR TS SN @ GIF
AT SR |

—

AACHA

GG T AN TSI AN S GG 0T 2T, SfEOHCeT IR Sifearefb gl | A g
3 T 2fSTRIK FH0e G IR TS 27 |
TEOH TR ST TP 216 TIFS e A C=elojratl anferfere [tde (R @38 Troo
0 THAS 2R | HOTTAR &= 2SR @ SSICa Te A : “ATOIT T2 R SRS S
BRI G0 FRACT IR 7 910 T@i AT B, o<l 1 GfG A2y e =6 =il Ay 27 |
RS PR 2 A6 Ze “CHTA IFA C#IF ATy 76 270 20, afoq @ =7 271"
G I S (p ) 26T IFLA ©F () G SIS (v) ol :

p=mv
[BCGERRSHRICHTE
G IEF G AT 27 2 T TN A 27 9% 05 (3 703 930 07 7776+
A7 705 | AN,

szggzkma
dt
@A F GO G2 NG 1256 761 9. a fba 1 | SI #(6Te I #{1fes 436 k = 1 NI = |

oL

) S,
dt

AT SI G0 2o fTeoe : 1 N =1 kgm s

(a) TaSr1afb 22w srag e wRaifesis 23 (F = 0 2@ a = 0 20F)

(b) «ft @36 ST AN |

(c) b, 9D 91 G3R GHIb TG (FLAS S| G b FEAPTR FLIRIF (9 LTSy (@I AR
TR (NG Mfers 7@ F 28 38 ANETOI A=T3 97el a |

(d) T G IZTS (@I @3 RYTS a (T (12 IS @352 [T F (Ie7) =il e 237 | 9oy
TSI AT I 7@ 0T; (I IF JZTS a, 567 2Ffoq Toig fsa Fea =t |

QIS 2&T J61 '8 FACIF 9611 A SR SARTETTR 31 | =iTed ARG ST 27 73 931 28

ST T T8 TN ) (530 S0 GACR AR AT RS 6 0 | AR IR KFAPIeA(s

42 F, (PO S AL A (TS IADH RFRIFICE N IGOH SRR 2/ 22 a1 |

F
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A<

6.

ATSTF [N G5 T @ [F27roq 3 effefean A |

HEGTSII AT TSI T T T © FPOT o970 TRT7R12 TF (GG M08 F 2|
B 7l A 9T ST D, ARRN B 9 G2 I T € Rivide 27 | - afofma @1 gaisie
3o | a0 2 fo e 10y 19937 (cause-effect) T=F0 AT 1 | N-@Wﬁ"fﬁ“"iﬁ?ﬁ
TR N0 (6 5 2t Sl eifsfea =27 | fral- e vib fom g s ez e e
31 2ifsfire 27 71 | Sreresie fF-afofma et it aga [Kifor sixietETe e
B, GO AN X[+ 2 |

ORI <TE T . 9 RifoRa TR (T (D S0 AARS AT | sk 3
PO %I 200 G2 I TP = |

et el 1 1 AT A SRR S (ST S 20 S oiferss il oo |
afb 251 e weTRCRT Al i IR A T Sl | PR w1 £ wieeifiRe
SITORRETSI Ml (7T TSR T f, 2 WCwIf3es oIS el O | IR <ot Crarteia
Tof s F0a A1l @3k e S sqae)fet e 3

Js S(fs) = usR

fk =,leR
p (PRoeel oJeiies) @3 p, (ATORe olier) (Ra Ao festaraa (ARTHR ToF feq
T | TSI (721 A @, 1, 99 HIZCS & |

"R be | e | e

SRIGR
o7

RIS

e T3

UISERCH

P kgms TN s [MLT"] 37

F N (MLT?] F=ma @Sy a
-1 N M LT TS = 67 x I b

1 kgms gaqi N s i < off

£, N [MLT"] £ <uN

f, N [MLT”] £f=uN

1.

(T3 (74IF RTE 7 [ POINTS TO PONDER |

T FTR {7 T 6311 e FCS AN | ARPRIST S e T F, v @7 s 3T, v
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6.1 S (INTRODUCTION)

DL, W @ T 2SI SR AB TS ¥ | A FAF WL T FAC2A,
fstiel FICL 1 26 72 FAC, GG B 2SI Y5 S o
oS fmz, aae fE e o-foa Siwts - qUwg T 27 TR I
FA0 | AT FIE Wtww 1A ¢ WS o =g | @ AT 14
(ATF 16 TB! FI FAIF 3ol A e, S =157 Sl | @i e
ST SR AN ST =7 ey =1 2=i<oTl SR | SN0 S T AL
ze1 *ifg | @2 oI, sl ercas =i, S A FiiFe | f5g, =i
@R Trale 2, P wie AT o WIS 20z | A G
el *wib [{feq o st T4 2| FRIEG @ IR-9 SR (@ =R
OISR I M | Qo)TeT SIfis GioTe 2wl 31 23 | @3 420w il siwifms
JRFS T * T PRI | S (A @ AW (Terms) S22 7zl
8 OIE & *FIRge aiFell (Physiological picture) SISITHE e @3(6
AT ST T8 W3 | 98 SRR STl 29, 2 fodfs AiFies
A aielt Soe T4 | @2 IS WFT E @ e o FrE w2 gfo
(O AT (FAT YT L7090 SIS S AR |

6.1.1 (F&11F 96 : (The Scalar Product)

SR e ST (937 A ' OIF IR T (SR | AFhos f 72l
- 3, SIfSTel, 999, <o gl (0T A | W= (o A il @ [eaal
G AROE (SCAR | SR G SN FIOII (SFTAYTENCE el T 2 |
(o3 AR TR 4 sl — 3 smfore @7 o= w9t 37
IR aferpet RN AT SifFere 22 | =i oiifsre ‘(o33 oftel” uib (oFq
IR 2JeICe1 TAR 27 SoiF GG Tgel (ST A | SN (DT el AL
ST (TS AN | G S 416 (ST A CFe 9jel e @iweat 196
CoTA AR A G B G (FAT 2Jol SN ©B ItF A-B IR 260 1 2 (T
A TG B oI 2T)) |
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A-B=A4Bcos 0 (6.1a)

@A 0 TG (ST A A R B G TGS (@9 A1 6.1(a)
R fora Ot TR | @AY 4, B @3R cos 0 (FeTF A,
O3 A GR B 97 (FAF o)l @3 (w7 A | @S coFa
A A @32 B @7 (S 75 @itz g Sioe (w17 o)t @3
@I 77 @2 |

(6.1a) TN SPAIH,

A-B =4(Bcos0)
=B(Acos 0)

TfNfEFSI, B cos 0FF A GFT2[7 B G oA «3R 4 cosh
251 B O3 BT A 9T NI | TSR, A-B 28T A G G A

@7 T B @3 SART 5151 | RFFICa &1 T, 9Bl B @7
S G B G TS A 9 SRR 91T |

(6.12) FNFE! (T @, CFEN 9Jel R 99 (I 5T |
A-B=B-A

CHETIR 9J9 5+ 319 (G BTeT |
A-(B+C)=A-B+A-C
wRe,  AA-(AB)=1’(A-B)
@A ) @{6 IIwT A7 |
TARTE ANTHYfeTa 2ol (OISR STl 0o T 718 |

\ 4

A=Ai+Aj+AKk
B=B,i+Bj+Bk
SR (I 9,
A'B=(Ai+Aj+AKk) (Bi+B,j+Bk)
=AB, +A,B,+A,B, (6.1b)
CFFTIR 9[0T FRERITAICT AR RN 6. 1b 200 S 413,
(i) AA=AA +AA, +AA,
q, A?=AZ+ A7+ A

@AY, AA=|AJ|A|cos0=4"
(i) A-B=0,3M A 43 B AT 2T |

(6.1¢)

Gn1za6.1 TTF = (31 +4 j- 5 k) 955 G3Re

d= (5i+4 j+3k)9FF 97 T8l @l fefy
FE | d 99T F qa Sforwe! Qs |

A

(a)

1
—> BcosO

foa 6.1
257 B T GAT A et |

C
-

Teq Fd =Fd,+Fd, +F,d,
=3(5) 4@+ G)
=16 9F®

ok, F-d =Fd cosf =169

@3, F-F =F?=F?+F.+F;
=9+16+25
=509

R d-d =d’=d} +d} +d;
=25+16+9
=509

16 16
. = ——=—=0.32
. COS 0 \/%\/% 50 )
0 =cos™' 0.32
A 7z
(b) (c)

(a) A G3%B GF (RN el G0 (Fe0F; A-B = A B cos 6. (b) B cos 0 Z5 A 97 THT B IT STF (c) A cosO
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6.2 I @ aifexifEa el : Fg-*IfFa Tolsiiw
(NOTIONS OF WORK AND KINETIC ENERGY:
THE WORK-ENERGY THEOREM)
ITGIITT () AT (rectilinear) 9fex (g fHfiiie
TR PO I ST AR |
VvV—ut=2as (6.2)
@A 1 @32 v IAFC ANAF ¢ FUIT gfo @R s T(R
SISIE G | SSAATHCE /2 T ofet = 413,

lmv2 —lmu2 =mas = Fs
2 2

@A 1T 414G NCHTae Sy sifoo@ Srpiits 2l 241 |
(SFRR fafg AR AIRAFICE, AT (6.2) (AF
S AR,

V—u*=2ad
GBI GCTATCE m/2 T ofel ST <l AT,

émv2 —%mu2 =ma.d=F.d

Trafie A I 8 afexfen wikw e e

G | AT A2 200 Gfod 2L @ Sifes Meaa
AN TGRS AT ST S TG et | =it 2fofb faies
sifieifg 3feT, T K T 21l 21 27 | Bi2F 3 G A
4T A0 AR ot | @B ARDF e 2w 9 w facx
2B 1 2 | (6.2b) TR SN,

(6.22)

(6.2b)

K~K=W (6.3)

(AT K, € K, TR TG A <k oifs oifonif |
P T TGH T2 2T I IR I HATR TR A0S
TR | T {7 IR A0 [W*5S 7Rel 20e 71 @it dR
oAl 27|

w9 (6.3) o8 T Sosiivos s [ o
“qfs T ofexifEa «fada Fei7 o b 3= =t
Feiifire ST AT 1

SR 2RS! ST ARG TN A0 Ty SoAFTE el
Ao AT TN |

Tzt 6.2 <6 TR S I @i =R @, FEfeyRl
ST AR AT @R RoFroy A qrefae a0

SHC @3 AR o 27| AuEe =

3ifaf gfe g iifes sepalt «ft sifefs | e,
1.00 &S St @36 AR 1.00 . Tl (4t
AT SRS 50.0 m s GROTS RS A | (a) ST
T A IR AR [efiwet A1 (b) ST
Frefee I Bl FIHF AR Fo 2

ST () AR Ao s,

AK=lmv2—O
2

=éx10'3x50x50

=125]
AT S AR 2t Peg s st a2 | g
G BT 10 m/s? 4T, SRS T 71 FOFI,
Wg:mgh
=10°x10x10°
=10.0]J
(b) FHE-=ET T (AT,
AK = Wg+ W
QEC W, TR AR T2 IS TS 0T =i FoI |
ek, W, =AK-W,
=1.25-10
=-8.75]

FTOI YN | <
6.3 T (WORK)

ST SR (RN (@, FOI 291 YT I G AETH
TN AR AR T1FS | 403, @3 PRI w7 F
G0 m ST TG G RS T2 G TGO LG x-
o TSR 719 2o (d) 5@ 6.2 (9 (it 2eaez |

F

L E—

— ] —>

v

5@ 6.2 F IR AT G0 IG7 77° 21 d |



I, *if$ ¢ *Frel

I W FOR IFA T S IR Tl @
TR ojeferet Ta Akelfere 23 |

GSIE, W=(Fcos 0)d=Fdcos @ =F.d (64)

SR (R (@, T A ST NS (A A ] =,
(Il PO = A1 | FICER BfSl THT (ST I@ (AR
(5Tl e I (e, (ST ST ATG o1 Al (PICeT S
sefifre 23 a1t | Tfte ComIF (AfeTR PR o @
IS 2 &) ST *IE 77 27 932 9fl #Afziig
20 2T | e smiefRmiw FIa o ererfas e 75
I (At o |

CRICT S 2 1 74 -

() oItz Afefe Twizae @il AT, 0 T&T ¥ | GG ©IF
TrerEmial (weightlifter) 93 150 kg S I AT
30 s PSR Wi AFCES, TF SIEE & @ AN
T I Sofifire = =1l |

(i) IR T %[+ | 4T 37 ST T O G 35 @A
g 3R 6T 2T 2T (TR, GTF0E Il Seysif5ere)
ISR | g qUwtae T T4 TfHF 200 A |

(iii) I6T AR A STNFT ST 7T | 4T FIF ZH — T 0
=m/2rad =90° O cos (1/2) = 0 | T3 S (BRET
Toig 51 oReT I3 &, TSI 6T mg (PG A I
I, (T A6 IR AT FACHIC 511 B0 | <=t A
RS Srafcs biors il sojefeis Je «f, ©3a
AT TR I I T R 1 | SR Sl
RER e D RN S R R R E | M ISR RIS IS ROE K
=7/2 |
I LT G2 AT 732 700 A 10 T 00 @R

90° G S LT, ©OZCHA cos O LGS 2T | =N 0TW 90°

@R 180° SICK AT, T2 cos O AN T | SIAFCHE, Tl

61 AROE A (T @R 0 = 180° | FITT2 T A0+ @I

FOHT AATF 2T | (cos 180°=—1).

SRR (6.4) 2T <! AfTFTSI @RI @, @ =ifea
@ AG [ML2T?] |93 SIGFFZe joule (J), A Rre 3=
1<% James Prescott Joule (1811-1869) GIAPANT R
o | @Ry I @ *IfF Ko7 (ST «1zeli7 (physical concepts)
AT LS T, F&2 o0 GF:9)fet 6.1 (GRet orea
25 |

Aafd 6.1 JawTE FT / *fa g avmz

wpisf 107J
FERGA (O (€V) 1.6x10"°4J
Fceif (cal) 4.186J
fernenib s kWh)  3.6x10°J

b TrIzAet 6.3 I 0T SN2 TR (Skidding)
10 3 757 AT A7 1 GG A1) AT T
200 N T 2IE319 I | 3 I ASCT F1F 0 73T |
(a) FNBCFCETT THAF BT FORIT (937 FCAl | (b)
BT BT G FO5) I FIT 2

Tad . AT A AT S FOBH 267 BT Sl
AW g AT (T 79 7R o |
(a) R 6T @R 79 A1 180° (nrad ) (PIT 2T, FSE
W = Fdcos0
=200x 10xcosm
=-20001
FIE-fFT B SPACE, @2 ANTF FIHT G2
AZCA AT |
(b) FEBGT ST 21f77d T ARCweiibe A Tl @l
T @ RATTSY I F61 A9 FCF, T A 200 N | Tfre
AT CFICA e & 1l | DG AR @] B
T PO A 6.3 < THiZel (AT SN #41R 3, Are
‘A’ 9T 0T ‘B’ @ 2T I | ‘B’ @7 T ‘A’ 9T oT
T I @ ooy (RTtas o 7w) 27| 75y
‘B’ GF7[I ‘A’ 9T SO FOII, ‘A’ A 7Hl ‘B 7 TR
TSI I € RS e 20 2 |

6.4 9ffE (KINETIC ENERGY)

132 Trafie Wit @, m STEa G 397 et v 20 @
sfexife K =l

2

1 1
K= -mvwv = —mv
5 5 (6.5)

e G0 (T A | T ITH TSR SR Ty I



118

sl

i 6.2 ﬁw%gﬁf—*f%(lo

o) sk @) | KO

2000 3><10
cﬁg A (Running Athlete) 10 3.5%10°
5ife1 (Bullet) 5% 10‘2 200 1()3
10m Bl (27 925 sAleTes wrew 14 107
218 sifSraes afRReg 3.5x107 9 1.4x10°
I Y ~102¢ 500 = 102

@ ~AfIIe] T 0 O 7o Agfoa aifiomifiem wifamied | 42 armelia
TS (intuitively) SICaE ST (AT Sl et | goans
TE2ICE IfIRET *P7 5o 919 &0 I9g 2T | 2AETreral
RIS AR *IfETH PITe Aol 231 6.2 GReet Koy
I I ore IR |

b Tz 6.4 @B g AR 2RI, awem
“{fer SR 50.0 g SR 200 m s (Table 6.2
T € 2.00 cm @ (thickness) T 2SR
Tl oo 307 | 9ffets @3 el sifesifea 10% e
faca fasfs =31 9ffeifoa fofae ot wvo 2

Teq affeiba aiefi sf et mv2/2 = 12x0.050 x(200)>=1000
J 1ot oifies sifexifg = 0.1x1000 = 100 J 1 fofsie (a1 v, 201

lmvfc =100]J
2

2x100J
v, = [

0.05 kg
=632ms!

N AR 68% FEIAR (90% ) | <

6.5 ifqaSTAa qCeT T ¥ (WORK DONE BY A
VARIABLE FORCE)

«3f5 437 76 79 | sifgasTie 72 ARSI @ ol
A1 6.3 7 org e oAfFadTa 7 (it Sz |
v ST T Ax 9 (R &R, T F (x) (F AT 478 &40
TN 4R FEFI,
AW=F (x) Ax
@aft 6.3(a) 2 oL@ (RN 267 | 77 77 TSI CFCAT

CREEEYfET (ol SR ST (IS FORI Aot (W) 173,
(@ 6.3a)

X
W=) F(x)Ax (6.6)

(TG (IofzeaT ATfars SR, (20 SIS ool x,
AT T AT |
7w 2SS AT T FIRIFIR (S AT | = 2T
TR ARSI (@TT TR 3R (@91zreT @ WS W o=
T R @R T S TS (FCEH (AT T |
(5@ 6.3(b) IoToGT FoHIT
tim Xi"F(x)Ax

_Ax—>OXi

= | F(x) dx 6.7)

@A “lim® IACS Ax @ XA IRIFAZ T 40
RIS T @ | G2, ARTETAA I &) F©
PRI TR AR TG ST IR 2fp] 571 T | (oA
3.1 Tl |

F(x)ll W: AA = F(X)A X

4

@ 6.3(a)



I, *if$ ¢ *Frel

F(x) -
o
N X x
(b)
5@ 6.3 (a) TN (shaded) FTOCFAG AfFTETNT

AT Fx) G FE AT (Ax) G PO
SoC FE AW = F(x) Ax. (b) FF STSCFGTT
(TR (39 P AT Ax — 0 47 G (TRIBTTT
NI (T TGP F(x) GF G FORICIT 7 |

> THIZI 6.5 TG NRE S FASTE ANGHCHT
To G FISFCS (102 | (T 10 m YA #XE 100 N e
AT BT | O T Fo1910 FIS AR AT AR ORI
AT 61 TA0GS MR @RS (linearly) T (2T
50 N2eT | GISRib0 (G 20 m g FRGCH] 2GRI0R | R
e WZel Al AT I61 8 T4 67 ([ 50 N) @
ETRIDE S ! 1 20 m 7R 2R7€ @2 2 A Al
oI el eat |

@W.’ 'y
Z 100{B—F &
E 501 5 Suf
10m 20m X
Fa250Hgrmerassreraanmrsassnnaces i
5@ 6.4 AT AT N2eW GH AYE T F 8 {77079

T G 7 97 (@TIoT o |

5@ 6.4 @ 2T I @1 T 2R 1T x =20 m
O F =50N (#0) | e eieiae s fwefe [fl=50N | <5t
I aifStaiy T @R F 931 [{eidre s o 502 | @B ol
T S(CERE Aeliee i (it 20z |

f2al B FoI,

W, —> ABCD SIRSC(4 (Fgzra + Glf#iferrs CEID g
Qe

W, :100><10+é(100+50)><10

=1000+ 750
=1750J

W, — SISTRE AGHI a7 (et
W, =(~50) x 20

=-10001J
T SCFS ANSIF T CFaTad BT AN | |

6.6 TSNS A T FIA-*$7 TN (THE
WORK-ENERGY THEOREM FORA VARIABLE
FORCE)

ARSI AT CFq P *IfF Tosim P a9 &

S B @ i 4ol TN eIt siffoe 2@z |

SIS SR RGNS @RI AN FER |

dK d(l 2)
—=—|-mv
dt  dtl2

= mav
= F v (RS S s@ipiie)
dt
R
dK = Fdx
LA S (x, ) (AT SIGH SR ( ) A FFalIpatey
I 2NE,
Ky xXr
dK = | Fdx
K; Xi
(AT x, @R x|, RO I eliefie @ e sifexifs
TP K, GRK | |

Xf
wewt, K, -K = [ Fdx (6.82)

(6.7) T 20O @B ORI (3,
K—-K=W (6.8b)
G2, ARTS TN ICoTR Grely FRAAET T2y 2fstifere 227 |
Ffre SRR Tl i cataa STpviR i 9ge
= | g ARSI bl FEGaa oS suas srsjel srorT
©2 AR S | GBI FNE 5T ST e @<5fb Atz
771 (integral form) | ﬁmﬁ@ﬁﬂ@w @I @S0
TS, 1 € QIR TR G310 F~ofF 7o) e | Frifes
oAl RIS SR SArEE sTiet (2w wiitz | @2 7f%re
(A TS ST TSR st 2SR &=y PG ST
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IRk

TSI 26 2 T T A Toio410 Gf6 WS oz
A fACHTaR SR st e 746 [few At | wwig
a5 o1l 2=, fanifess ¢ fawifess cvea Feoew fediw
1afb (237 g7 =W | 5 FIIET Soloiw (FeTia g0l =7 |
ot fadiw sta Srafis s 7=ifFs w2y Frfifes
TAANTT 3 THA 0o TS ATF A |

L TrIZa6.6 90 1 kg ORI v,=2ms ! (03 G0
gl ©e aAfeHle 2 S i x = 0.10 m
(AT x=2.01 m YT 2T I | 92 Rgfore 337
T G 61 F, x 49 AN [ 2o

(inversly proportional)

E. = 7 (0.1<x<2.01 mETT))

=0(x<0.lm ¥ x>2.01l mYTEy)
A, k= 0.5 ] |50 @6 SIfo T A I3
s sifexifs © wig AfeE ol (v) F© A2

T@q  (6.8a) FANFI TS,
]' idx

K =K, +
01 X

— ~mof - leIn (x) 3"

:%mvf ~k1n(2.01/0.1)

=2-0.51n(20.1)
=2-15=05]J

v, =1/2Kf/m=1ms‘1

@[T, In 261 Freifis S1alif7ms (natural logarithm) GRIC

T4 e g2 o1 a1 (base) 10 G ol 7 | [In X = log,
X=2.3031log,,X]. <

6.7 Feifexifea «i=ell (THE CONCEPT OF POTENTIAL
ENERGY)

‘Frfe’ =l e T el 9 O AT QT |
Frfefe’ zeTre =Rt a7 foea wf%e (stored) =fE
IR | 93 LT oI Bt SRRIT P sifzeid 27 |
I (Z0T WeeT SR S @0l HFEFe 23 | oo 773w =3 |

fafozs 7= pIfoonREes pifetael (fault lines) 0T | @9
GBI BRI TA &b ek @3 STt | o Risje sifastiet
i I 23 | 92 pRortaiER AR gFm
95 | FiTeE PRI 2o 3 o=l Al 9foe FloTeel fofes
e =i | TYOE TR (2T e o e =i oife=ifs
0o S T | ] PRI =ity Ses g5 e |

m SRR GF IR To SFSFRT 1 26 mg, @A
gﬁmw 2 G {7 (2 431 (0O 2N | 02 (near)
= {% JoT0 S IR (@, G (AF I&03 Tl /1, A7
FAPTNE R, G o 4TE I (h <<R,), S S G{Toa
IR g @ N ARTSTCS Sl 3 | TR frwcs
LIS I 1 | 43, 01T 1 SO ST 251 | SIS
e e f2e= 7= (external agency) @il Wﬁf/
25 mgh | €2 Fo (mgh) e ot sigs 22|

G I SRR PRI, Tl / 7 Ieorwas oA,
V(h) T 2 391 27 @R ©f TGO 1 THOT TS

SRS AT AT PO S INCTR HN |

V (h)=mgh
h (W ARSI e &R 2301 AR, O A 3, e
T F, h ST ATATE V(h) G SR A TN A |

I, Fe- 9 ym=-_
T (h)=-mg

Yener oz ft sfsaia atem Fmifeyar Mo <0 | <=
=0 et «fb TREEm gfsre fNTs @0 =T | gfite wikrs

T ARF-TZ0, 307 Y6 053 oIS 751 (2T 2112,
Vv2=2gh
G2 TR (ACF S A,

~mvi=mgh

2
Qi @R @, h THO (AT IL GI o TGS 2G| 2 | OfFf
wfesy P Bfirs (e 3gfie oo goot eifre
27|
Ao fTseg@ist (Physically), Prfe=ifEa el =@
GBR @07 IER (RG2S 27, @A I [0
FoI = 2o Age 23 | 747 AT APTE RC (Fewt
23, o3 @ft sifexife fetie seasm e | sifdfser,
(e TR G G CFa KAl ) el 1(x)

* THOR A g @ ARRS, SO S TR SCAG F1 ZCACZ |

*
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k@I (defined) 23, M F(x) & GO @141 A @,
dv

F(x)= T

221 20O AZ,

X 4
| Fogdx =-[av=v,-v,
X Vi

TR AR A PO LU SGFH T 7 FOBL %G
AR € TG TR T 67 I | 7S S
S ToeE (g [ifen Swizaed I StEna FeEfR |
a3 m STIF TG FRT SR (AF 1 THo! (AT @I
P36l (TR T IRIRH (=0T et S G0 iF aifsrat
WOR [2gh , AT TOSER SRR = 3 @
& |

SO TOSETH MW TG mgh e wrea 77 |
T FoFI A e oy (@Fitat faw w2l 77 aiferast A
3 T 7(A |

Frifeifea T@9fer 261 [ML’T 2] @R ©FF 3% 251 gat
(joule) (J) At aife=ifE t PR STt @2 |

{RI1E T FeT TR, @3 T A Ty, Frifexifem
ARTST AV @F 4 T I0T7 71 FORA A NG
A |

AV = —F(x) Ax (6.9)

G2 ST (section) A6 AGTNIET AT SHIZAC, SN
@R @ PrfefE ifexifere gorsfiio 27| aft sermig 9l
P e o 2fere o, 3l SR 251 FE (71 |

6.8 TfgS =If$a A9 (THE CONSERVATION OF
MECHANICALENERGY)

TP &) SN G2 g il Ao qmanifess aifez oy
27f] (demonstrate) 9% | 4fF, 7RI 761 F @ (5017 @6
IRT Ax TR ZeT | 2, DIRET oAl S Sl o173,
AK = F(x) Ax
I AT A< I 27, O PRI oo V(x) & gl
A T TR
— AV = F(x) Ax
TATR AT (AT AR,
AK+AV =0

AK+V)=0 (6.10)

Q (AT @R TR (@, I il @ P wfS (K +
V) B 4 | 546l AL x, (A x, @K (P09 4T O W,
K.+ Vx,) =K, + V(xf) (6.11)
K +V(x) FHTE 7= (system)TF Az =ife 7o1 271
TR oS K 9 PRI 1(x) 95 Y (A Soi7
e ~RafSe zre it g oirm TS @l 373 23|
QL TR T A2 WA ACRNATTS! 15 ZC (9757 | 1
JreTs forg vges! Sl Reanel e |
o G IE F(x) W AT 4 73, 3 «@fb (6.9) e
awe CFR A 1(x) (AT Fefr s |
famfas Mafearia o (o3aT ST (vector
derivative) TG, Tl 2 IZEH REIGAE 3 |
o T I=IF Q! WW@TI &% w57 (end points)
Ttz fada 307 | @fS @2 7S (AT (el A1,
W:Kf—Ki =V(x,)- V(xf)
) =it % 462 (end points) Toi7 frea 7 |
o TOR W SN GH6 AR ST oy I @il
PO T 0 20 | x, = x, TS, <51 S ATl
(6.11) (AS ™G |
2 @I A == szl 71aft «Feia [Rge w1
Y, “@36 AT (system) (G AFS =fFa Ao 203,
o ST T vt fFarte qe1 At <e1 291”
S SIS SfSH I @R A A el Ao
6.5 7R 2 Hraa R «F 6 m ST H THoiF pol
CATH (el 297 |

XA
? v=0 5
L T
f V=1, H
By |
Fig. 6.5 HTWHS! (AT (T WA m ST 436 74
e (2t aifexifes goires
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sl

©we /43R H THeld J@ibe (G e =ife 30 £,
E,&RE,

E, =mgH

H

(6.1 a)
E, =mgh+%mvﬁ

(6.11b)
E, =(1/2)mv} 6.11¢)

~GS 47 FE6 T TSNS 967 (spatially dependent
force) F(x) 93 @i ReaTea, Fites qfEs «f$ 7afre
B

T, E, = E,

1
e, mgH =L mo?

Up = J29H
1 3.7 BT S [T ~oeTolleT T T3 |
R,

EH = Eh
3R @ (AT S AT,

vl =2g(H-h)
«ft aifsfwia (Kinematics) @6 #ifdd® etz |

H TRy *fg 7fqret Ffenfe | @t n Tweorr

SRS SifoxEre oRRe o @32 otE T
aifeiere Foireie 23 | fb e == ATt I 6 |

L Cwig=e 6.7 m Wkﬂ?ﬁ%ﬁ’i@LW«ﬂﬁW
e QeI 2o | @ fbar e 7 A (o @<i6 Srpgfie
@l v, 2 11 7, Ao 9T THF ot WL
] I FF R A 0w AreiB 2 (slack)
T AR 6.6 R ora a6t it zece | s
At el T —(i) sfew@et v ; (i) B @R C
Rre gfe; (iii) B 99 C Rrre s s =ite (K,/
K,) e C fRmre (it s=rois siforts 2o
(o TCF G B2 &) Al |

(6.11 d)

A — )
img

g 6.6

Tew o (i) TR Al PG Tor uib Jife 7o [ T |
feade 91 Gag 7[(.\_91?[31?{ (tension) | AT fAGHF e
S O TR TR, ISR BT &) (I FoIT 27 10 |
foreiba P ©if Sfewin AR AR T Ege |7
@5 AfEs «fF £ Fafre s | ot o= J1fvw 4
fee e == a1 4 e

E=lmﬁ

5 6.12)

2
= mllj" [NEGT TSR 3 SN ]
Q@A T, 7 A Ko s[ee 519 | 7041 77 C ¢ srer
B [ e rells MifRe 2 |

IR C s,

T,- mg

E= émvg +2mgL (6.13)

mg =

2
m;jc IBSGERRS R A DI (6.14)

@A v, 2 C Rre @l
AT (6.13) 9% (6.14) 0O 13,

5
E=2mgL
29

«f5T A R e T e 03 A1,

5 m ,
—mgL =—v
2mg 5 Yo

ql, v, =+/59gL
(ii) (6.14) AN =TS ST AZ,

Uc=\/g_L
B Rt *if,

Ezémvf3 +mgL

@i A Rre =ifed A 70 F6T @R v2 =5gL, [ (i)
20O | (R A AT,

1 2 1 9
—mvy + mgL = —mv
5 "B mg 5 MY
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(iii) B €% C fF7re sifexifga sigsirs,
1,
Ky, _ 2™ _ 3
K %mvg 1

C e Wﬁﬁf@lﬁ(slack)mmkﬂﬁiﬁﬁﬁ aiferaa
I ST 20 2ITT | T B0 2 Y208 (6 et
216 @3 Sehirelr afFe ALK 2ifs awq T3
I P (AT STy g i e e Alas afsorz st |
SR ST FeIFIR AT 2WfERe 0O AR | <

6.9 72k @7 FRIfe*if$ (THE POTENTIALENERGY OF A
SPRING)

ik 761 @3f5 oAffEaTate 7o, T «3fb 7 31 | @3 Feie
@F AR T 9F0 3 (Block) 5d 6.7 «F i Srgglir spjet
SR G TR SRR Wit | PRk @R S AT @3l v
WMENETT A TS MR | Pkl 2o @R ©2H 4@ @S
N | 96 o FRie @3 e FRele qe1 (spring force) F,
FHHF AR (A 7 x GF FANGANES | 779 (S
(5@ 6.7(b)] =12t Aes [5@ 6.7(c)] 20e 2ita | Pk 97 @2
T IS A 14 (Hooke’s law) JCe1 G3% alifafemeita
Tt ceomil A —
F = —kx

433 k (F %2k &= (spring constant) 071 | 9T 47 281 N
m | kG @ 20 PRI 0 (stiff) G2 3 20 A
(soft) &7 2T |

i, S 6.7(b) forad T 7 Az s 5 13
IR x,, T, OIRGA ik 761 =i oy 7,

WS:TFS dx :—Tkxdx
0 0

I x?,
=-o (6.15)

@ AR 6.7(d) 7R @ETHah faetes (Fawre (AT 9
T T @T© A | 57 0T (0, BiTeriers A< <1 F
ek e SFeFIE T F @F 711 FOIY 41T 23 |

ke x?,
+_
2

W= (6.16)

Yo FRRBT x (< 0) #Hfre 0 egioe el 77, ©ee

Toifaes (s oy 2371 Pk qce 7 FOF,

| F.=0
(a) x=0

LA LS LLL LA /01/ LLLSELS x=
x:
[ F A
| X 4GS

(b)

| i
LLLLLTLLLT TN X

I—X—H

I Ky, 4R

FS
| X AN

(c)

7777777777777 777777777 x

H—X"—‘
x=0
‘qu
e s
e
A = kx,
..(- Pl
2
KTI .
(d) 0 B x

fo@ 6.7 ek 9T TT ATTI A0 T I ©2F iR I
DG P — () TLT I SR (AT AT
I *[7 O (i TR A (F) %77 | () e
PR @& x> 0GR E < 0 (c) "o ek @
G x < 0GR F, > 0.(d) F. €3 x &3 TG
@Tefbg iifere fagrem cwaze, Feik e
R PO P | F, G x 97 [Ae
BTz T FOFIHT AT A0S 27|

W, =—Jx2 /2.

W, =-lx?/2 | 7% qfEgs 99 F 97 7ia o
+ Jox? /2 T | G0 Alfiie o x, (A S e x @



124 RIS
S[RMeT T ik I 7l o, sifexifere goirefe 23, afre (NG Afgs =i 475 (constant)
; , , AeF 1 6.8 T ora @it Tafbraa T (e TR |
Woe- ke SEX O ES617)

T2 Pk I il PO (g S Ryejfe St
fSa S0 | R @10 x, SRR (A0 (BT ORI x, (S
TR ST (el 20, Fodid

Ws:—Tkxdx :—iz - L

=0 (6.18)
«3f5 SIS 2fFTT (cyclic process) ek AR @k Fodrd
e 2 | SR TSI (explicitly) 2wefa T @, (i) ik
T4 (spring force) *g@ SRR T3 fd7 F0a, N
0@ ST T4 2R (F, = — ks (i) Pk e e ot
WG AR @ S SRR S S 30 | Tmizgerwgat
AT (6.17) | FICE3 (2lk T67 GH(6 AR 7T |
Y FT @R T2t 7132 ARG A, Sl ik @5
FRfeifss 1(x) =+ &% | ik @7 @31 A Ao x @
T ST RTeme (AT oifE,
loxc?
2
ol TSIt AR FACS A @, —dV/dx = — k x, ek 71 |
@ 6.7 S m SER T x, 7E 2R 5, & Foi
SR (AT (BC ME, —x @R +x GF TS| SRR
{1 (ST @I 77 x @ @ @ afgs =i,

Vix) =

(6.19)

1 x> L ilne
2 2 2

@A O FifEs *fes wewee it g s«
(ATF @R T (@, FF0F Go @GR sifexifs o ARt
e T x =0, i.e.,

1 2 1 2
R —muv, =—kx
S 2 ) m

QAT v, B 12 STl |

k
, vm:\_xm
m

T @, k/m @@ [T2] €% @3 AN Taioreeig
5% | aifenifs FrfexfEre gorefe oo gk Frfefs ¢

?
E=K+V
1%
K
X, 0 X, x

@ 6.8 3 FeRk 9TAR IS G0 Fea PRI 7
R feifE K 93 wfegesm @eba, Tl g
4 GG 5 | 46 (1Rba Gt St #5175,
wrefie g% It w9t b @UT AT | (G T i,

E =K+ V S9zaf$e A |

P Tr1ze6.8 NTHLG eivefa a1 Ty NS frstrotare
fafen Fer gaea Fer wufEs sfeRie sifeg ket
SR PR | 1 A, AR SerFg 1, @ 1000
kg SRS 5ifSMet NS 18.0 km/h gfoTe Py A1
SR €32 SITTHFOII AN 6.25 x 10° N m!
ek g3 RS @36 Feik-a3 AT 9o 9017 |
Feifba it AIHe T 202

T A A6, SifEta fexE sjrisifaea fer-aa
frifexfere gorefe =7

Kzlmvz
2

=l><103 x5x5
2

K =125x10%]
@I 18kmh' =5ms™ [36 kmh™' =10 m s GBI T A<
432 ToraldM] | AT TTHER @ P, WS
FCIA x, @, ek g7 PRI 1 s sifefe oifexis
K G |

V=lkx,2n
2

=1.25x10*J
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L A,
x =2.00m

Ty @, 2 ARPRSHIE S siwegeel 2ge e |

Ferfbre ©a2e R w21 2e1 | 73ioa 9l 7a F9tey @l

2CACZ |

S FTR A SR g W (@0 G2 i A

379

() THARTT SR IIEF (@A SCad (72 | TR
TIRACE, S| T ~Afi#l wce 2Af [5g T90!
I AT 26 OIS 2AfFwst FfF a1 @ Ao,
SR (I OTRIF &y, [NEGTR 2o Caq 6
S AT 2|

(il) T T T e 2T A | ST, T TS SR
o1 | GBCFCE *IfEd A<l A b gl A<lifee Face
203 | af5 Ttz 6.9 @ S 9 TR |

(i) Fafexfes =75 M CTRIAT (arbitrary) | @fb
ARGETFCIR =1 22 | 2l 0T G SR x = 0 (9
Vx) = 0 «f3, Sidie septifie Pekfba Fufexfs < |
fREitas ST 76 mg @F T, G SN
fRfenfE 1 = 0 41 738! S SR 791 @,
G SRFRR AR (0, NRIFI (e (AT ST
vEICy PRI = *[7) Rama wea ke a1 ok
ey | T+ PrfexifE *3re G317 @Il @3 (6 Fea
Ao T & OF S 17 S G2 R
I 5370 T(J |

P TrIZF9 6.9 THIZI 6.8 @ T YT W 0.5 40T
e Fifae Ams el et |

Ter R SoAfRfeTs, Feik 761 gk 9 75 Torg feik
G AL RO IS w62 1 6.9 T ©f (Tl 2= |

s e =i e Mifea bizrs S Saivims
QT T4 |

AK :K.—K_=O—lmv2
B )

N
T —+kx

D O —tumg| |
LAEEAEALSALLLL LR R

AR
mg

5@ 6.9 NTF T [FeT 727

G115 JTETR (net force) @I FOII,
W=—é loc, - pm g x,,

e 7fow s ST 2eAT S A3,

1 5, 1. 5
—mv'==kx>+umgx
9 2 m THM g X,

99 umg =0.5x10°x10=5%x10°N (g €I« 10.0 m s
@l 29T). TR AN AfFsfon I e A x @7
Ao fagre iw=ef ez A,
k x? +2umgx, —-mv’ =0
. =—umg+|:u2m2g2+mkv2]1/2
m k
@R x, GG G [ PG T g T’
S (|
ARFE ST A S 473,

x =135m

afb 6.8 SRR WA (AT W | 9f6E gepife fee | A
TR {1t TeTatae GG AR T F G SofAfs
SR T 2 1O MG = Tl @b A

FACS 2 | I =IfF Sty Sepcy,
(F+F )Ax=AK

o3 F Ax=—-AV

TR, AK+V)=F, Ax
AE =F Ax

I, E 251 (N6 315 =% |

MRS w<E, E—E =W,
QEATA, W, & AT G SRR A0 =il (W6 Fo |
ST @, W, i (A f G0 7S w02 Cofet a0 |

i

AR AT GG ANS) 7 | |
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6.10 =fe7 f&few 37 : =ife7q AT=*el 9@ (VARIOUS
FORMS OF ENERGY : THE LAW OF
CONSERVATION OFENERGY)

o o= ISl e *If SCeAbal et | S (e

@, @f6tE 1 52 fire ot 71 2z | 93 aifeq Tog

fefeata, T s 7en 2 | SoR=fb o1dw T (STR=IT)

31 fefe 0, AT ol Ffoxife 3fe | =if e et A,

Q@b G o (AT SR FATERTS 2, A S 7 Sl

JACOS Al |

6.10.1 ©[% (Heat)

ISR (IS, Tl 6T AR 6T 0K | g i el e e
T (TiEFet 6.5) | 435 STpjel S oI OTea § ol m’
S G I v, SIS PARfTC x,” 7 BT ofT (T
AR | x, TACGH &) ST Tl T@T £ Rl PO & o x,
FIE oty ST,

muv?/2 = f x,.

S T SR ST TR N Ao 3, ©f 2067
I (R @, IO oS T 0T T 7% 27 | (GRS
TS 2RI SN (R, GO S Ay sifset
(G AR | TR @ PO 75 = 71, b Wl fre greie
277 | 46 39 ¢ (GRER Srer@did =% (internal energy) AT
(SITITETSITR AT IS ! 9T 017 BT F |

SR AT (7 (), SR bz, SIS, e sifeq
AR G2 STER (G T | 1 kg SEA S 10 °C TFel
ZIT 2R 42000 J StoIfE I 301 | @ft 2= w0 =t
ST AFEACT G0 AT I=ell 2173 |

6.10.2 AAEF*F (Chemical Energy)

TR SifeT 46 T 2 f§ors FereTel 28T oI AgET
@ g CeR onfREiR | SR it 36 A edta 90 (Fifew
%), ST T8 FCH G G AR *FCA! 2SI FATT
GIfeTe (AR *if%), ©f (e Feafvzn el it & |
@35 oz S 74 Redreim age aerfas oe
(chemical surface) S FF O «ft @i Tega Fw
AG TS 20 TLI | GoT (IR TS 50 IS (firecracker)
9N AFB BAPI SNTE! € *THT G AR 2R
27|

IR R Seezepa sie st Rfon Tm=ifen
e ANRS (6 O 906 | G PR IS e

I otz fafves et (AT 3w 2T | A R 2o gare
AT 772w | 7 RfFaerens qiib =i [
AMLATAR (AT @ 27, 91 3 [iF oo 75 =5
@R @3 RIFAT Sitetieiit (exothermic) [t 70a1 | T
Rl 3oy 27 izt €3 RIFTT Ol (e 27 93 ©it
SN2} (endothermic) R 0T | F3eT S @I (07 @)
G G TRCETIENS ATl GG 70eT &% 3 x 107 T (ge) *If®
fasfe =z

AT ¥ @97 ITAT A AAFS T omieeda
R 2 FCF | G2 ISl ATAYTEATS SAGTe G]
YA AT (polymeric) ¥ & ToNUTS &K AT |
T, A T, T @R (G w2 (A Bestn
IS *fF SR e GREAIGE ST S
iR |

6.10.3 SCTF (Electrical Energy)

©fGe 2ICes @I A G, (Ao AN I G918 9961 M0 |
S ST N S 8 RefIE (e @ feeaaz 7HE
1 TR, SR 2ITK 2183 | ©fbe 21027 A (6 *T T
T | SRCOT (- (FIC G0 *ZCAR #AfFAIF 91T @l (s
AN 200 J ¥ I |

6.10.4 3 ¢ *f$3 geTe! (The Equivalence of Mass and
Energy)

Tzt =rort <17 2@ smiefv@t St Faces @ Al
(oTe G APRITS 2fs, @il [ives AT @i o7
FFFHFS AT | s ©fF we ARRS s FAce AT |
TR, RN g7 2ltet 2Rl wnia Woo! 0 oo
AR | g ~wicea 1S 31 Rt =t 7 1 1 92 @ 9ol
WBTHEA (1879-1955) T2 (RIS (@ ©F Gk *IfF
ATATIR FNGET I IR SR T 2o,

E=mc (6.20)
G, ¢ 21 =) NGNS (@9 TS A 3 x10°ms™ |
IS WG R ST ST Mot apa sifasie =g ffes
T |

E=1x(3x1052J=9x10"].
@t g6 ITT (3000 MW) (gfes *IfE s e s
R CRAMCAR IR FgeT |
6.10.5 i *f$ (Nuclear Energy)
Sz Rrerem w3k ARG e TS @I 2e M3 Sifed (o
T R RATS F (@A 2T o 8 (e ATgeioi
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Al 6.3 fafen AT ML T

N

¢ (Big Bang) 10%"
THINGH T G GRRIC foiofe @fwa =i (Radio energy) 10~
IF et (Milkyway) ‘{‘ﬁ *fE 10
ARSI (Supernova) R fNsfs =i 10"
TN T ARG (A fsfe =ifg 10™
RIRKERRERIN 107
fAdie Seifes AffT @6 ETmfs 5x10%
T IR A AR weiv 10%
it Ry T AR A w4 A« 3x10™
Cea-©iG! e iR =Ifea reiva 107
15 (WaiGe FCae (Fusion) @GS fofe =Ifg 10"
T Ffes TesAms @Frwd AE Testifre =i 10'°
GRS (A f19fe *ifF (Thunderstorm) 10'°
1000 kg N 72 (A fofs =i 3x10"°
0ol (&6 Wit sifexifs 10?
1 o5 SN (gasoline) w2 (TS fAsfe *IfF 3x10"
GFG AT AT Crfel A (AT 2 =1 107
R R 2ifS it ol 0.5
REF 3 71 THITS FoIR 10°
fRF AFIC (Flea hop) 10
GFf> FNSCAITTa Faeier® *f$ (Discharge of the single neuron) 162
G efgaiem foeg «a (@b {5 (Typical) *f$ 10712
«3fb ST fooq @l TG RS = 1078
DNA @3 @36 T3« (Bond) ST & *IfS 102

JfRea TG | (FTRFRE 6.20) | SR, 7 (AT Teoiifite
Gl AR = IS € THTHIE AN (L0 ST
A | @30T SR T 2R GIE FFIEE e
N | @ OEHF AL GG (mass defect) Am JCeT |
u‘lﬁﬁﬁ%@sﬁ“f@?f@m)cz%@{ | S ig Reret i et
fSfeam e - Fecafamm 230 (, @ fNeEe @
Rreifere 2 gomiers 2% S R 7oz o/ 0 | e
e ©F AT ST G I IR RS 2N =Ifgre
FABR 27 | G2 *GTS IS AN AR =i o

P iz 6.10 6.1 (ATH 6.3 FKAYTE! K] IR @33
@3 3! (express) (a) DNA @3 @36 7% (bond)
Bl &) AT *IF eV G ; (b) AT 930
TN AfSHE (1021]) & eV 9IS ; (c) GG 2N
TR G Ciele SN2 R HATR G 2P A |

T@7 (a) DNA 97 @b I 16 &) ATAGI ([

1072%g

o ~0.06 eV
1.6x1077J/eV

Tl — 0.1 eV =100 meV (100 & 25 (SI5).

feratere e frerem it wam tayfes G o (b) arm 366 F907 o

T 77 we[l wfenige efey Rerem (s s 102y

STl S T2 <R T | SOOI TS (ol AT Lex10 0 gay - 0002V

Rifsa fAsfe «fe  AE @3l w7 gfoa et fawfafe =6.2 meV [ 6T 310G (15 |

TAF AN TS Am = AE/? |3fne apiafess [isme eagfa
= e R eagh (& S 7 | 6.3 ARfce [ifoq
AIFOT THAPTCRS (NG =T T ferfotam e 2o

(c) IS &A1 TAF AT i1 T S (AT 2N =i
10’J

3 ~ 2400 kcal
4.2x10° J/kcal
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QYT SR AT B9 @R ANRF G (magazines)
T BB (v [Fg @2 9T 4 | S ORI S 17T
HITARITS A FE IR ST 2400 FCERE T AQ
COIE SR FA &) A7 R | 75 Q007 Sl9ween
IR 2IFCS [FarmicEnRives dox 311 e | «em
A1 E AT leld 2400 TCHIR SIATICETT AN (AT
A2 S o5 RN TSR S AR AT | 1 FC JICEAE 2
1 keal (RFCEARMITAIR) | |

6.10.6  =fF7TF NS (The Principle of Conservation

of Energy)

SR (e (@@, T FIF G AT [ TR | O,
AR (WG it AwfHre e | I e g <=
SR B, IR G A #Iw 9 wie Wi, Witetl 3
1 YT FoNT© & | 71 LAl *oJCetiess [Keavati =i
CSICET, (1 AT (PIeanl f{ifvzs A= (G =i ~Afne
SRS A | *fE 9T g2 (AT = o7 AR 20
A g gl f[foee 1R GG =Ifes wifasd g9 A |
i o T A 1 A RS T I A | AR T2
=i fafbzer s1e7=1 featica fRicamal w1 2, wig w=ifkess GIis
T 2/l 47T A | AW TR 96 S =i g
I, OIRCeT B2 SKCH] A=A =i g <05 |

g Aol TS et a1 A | 77 @2 e TS
GICA BT =1l G (R vl sfven A | «ifes fRfem oot
g 3 e wwi LRl Tt @ SR [fer =i
A F9ICE AT 07 | @fS Reee Maew — afaeaed @
RIRCGT ©€ W I | FIRAK GROCHA (ACF A7 R
BEET, ATl TR @ fEE 1gonfS ArER
IR G LT 1S O FTS oS 27 |
6.11 F7st (POWER)

SIS 4G T G oA PO GIwCei2 o1z =1, fog
2 TR 2R GBI TS ST | Sl (&I AT
*IFRAFAICI I e, T4 S GFT AR 517 STl (@0
XYNIG THZ , ACH OIGSITE SIS AR | AN ATATE
T TR TR *IfE AR QAT ol 61 2 |

G I 91T A AR Z61 oI () G3R (3G oI

() @T S |

Sl Aol 90 |
p_dW

“Tar (6.21)

dr TR & 397 F @ 311 FoI 29, AW = Fdr.
SISO FAOIF GBS AT 1 I,
P =F. %
=Ry (6.22)
@I v 22 OI<FHos (91 T4 7@ F.

I @ =TT ! Fo! G (FAT A | 47 Q9T 25
[ML2T 3] | SI ¢® @65 @35 21 watt (W) | watt 26T 1 J s |
B *eIRICe oW 3w O s W@ﬂﬁ (James
Watt) G2 IS SPAICH 5O G356 GG (watt) (TS BRI |
TG ST G0 9T 2e1 SFsre! (horse-power) (hp)

1 hp =746 W
@2 @ AR (6T AT Tenfn (wean sl wwel
(output) ZIC TJIZ© 27 |

apfes Tgifn w2l A, 2o ¥k e onifra coveg st
&7G (watt) 96 A2 |

@3B 100 watt ©fGL FIOR AT 10 TB! Bl AT, 61 1

kilowatt hour (kWh) eI
100 (watt) x 10 (hour)
= 1000 watt hour
=1 kilowatt hour (kWh)
=103 (W) x 3600 (s)
=3.6x10°J

ST SEFGF [0 SIeeHET T kWh G0 25 541
T | O AICO TE (@, kWh T #6945, IO 455 77 |

b Tzt 6.11 1800 kg SRR (6166 +Ai@let) G0
%Rﬁi(elevator) 2ms ]W@m@@% oot |
fRsiroy A =2 751 21 4000 N | foresloa (Iibeaa
(motor to the elevator) <o Fo KRN RGEN
SRSl (horse power) FCH R e
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Ter forpcha Soig sl 3,
F=mg+F,= (1800 10)+4000=22000N

&3 FE1og ATl TSI (balance) I &) (NG “R=Ae
2{fF1e ! AT FICS I |

e, P =F.v =22000 x 2 = 44000 W = 59 hp <

6.12 7T (COLLISIONS)

st s oS REw (SRR AfRss) S 3 |
AR A S @3 g coterifR e 3 T @Il
gipfos afF «fRafee & a1 | waael @ak =ifew <
TS @7 23T Tnizge | @2 eIt SRl ARSI Soferx
ORI - Z ST 3% *{f7 Fzel TS Attt
74|

Rfem s wall RS, e @R FRN @
SR Sl | S wfo S e @G S e SR
74|

€ AF, m, G m, ST 9o 90 | m, O&K FAT v,
sifete (s (subscript) 4 2N W9 @RI aife#is

y /,o/Llf
7 m
//
555
-0
o 70, ,
ml mz\\gez X
N
~
~
N
m, e Var

5@ 6.10 m, g% 9 FRT©F m, 97 T3 7L

G m, TR SR R | @B 4@ o e R
AT (PN SRS LA | G ORI m, ST
Tl m, wraa IR Fifb M0 T T6R1 6.10
fora ol 2Rz |

m, G m, SR o F A #47 fom e aif oo &5 |
SR (RITAT , FNTENR O, ([9] 932 TR AR @I
ST IT51F SR |
6.12.1 Fefswies ¢ wfafeliorF ead (Elastic and
Inelastic Collisions)
TR AR FRACE (G (AT SA0R9 FRAFFS A | @Il
AT AES (initial) '@ W@ A9 (final) A AT |
«ft st fsfaee s i wacs 2 |94 76 3 et

19 2, T SeTletel I (Af), AR GrodeTa Feid

Oiwe 7 e SaE@ee “ffaes 23|
Ap,=F At
Ap,=F, At

I, F,, 251 2425 I Coiet TSt il 2 < | G2l
F,, %1 TRy el Sofst 21 el qietl 27 < | OO g
ISP,

F,=-F,

951 ZTS 71, Ap, + Ap,= 0

TR BEAIPIAI I (Ar) I 42 T{Oe I #IfafSe
e Tofaes el s =) ey woiw @ 2fel
TS AT AE B 24 IFF TofF &4TT (G W, s
T o e GG AITed Wi @) Risifroy 3 =3 |

ST, 7T (G 2o Sl AafFre we
20S AT | TRIFGS Qi g% Rfon w0t olst @) =%
T 200 AT | 2NN aifeifea gl wiget o=y #fgre
FrERe 27| 36 “iFhe Feik” g7 M SR AR
AR (e Tereid (its i1 I b Staa sy
71k PG =i =7 71 07 (e 3 Sigpfere e =i,
wizE «fox aitefie ¢ sifew feif smim 2t g e
BRI AT (Ar) 91 437 ATF I | 9B 4R LIS
FrRIfe=l1#1% 78 0 | AT, FRAR A [ 7 Ko
T 71 T 40T A oifoReT 209 2ita | (@ ]I CFea
TG #I0 TR GG falfere 20 sifoRiet =3, oitss wjef
wfRIfowIl7% 7 & TR |

TS| CFq A AT Y2 (e I @A [Kphe
(deformation) STKRFSITE [T 2 Gk g e 2
Afe=ifE FT (oITT I @ GFCAT I F INNLCII
wfRIfeTII91 T A |
6.12.2 ﬂWﬂiﬂ{(Collisions in One Dimension)

TR SR @3 GG o)l wfFRfeRierE Aea Krapa
3f16.10 foa =PI,

0,=6,=0

my,, = (m,+m,)v, (ST ART)

m,

UV, =—V,.
T —— (6.23)

A sifexifes =7 ==,

1 1
AK = 5’"1”121' - E(m1 +m, v}

1, 1 m 0
=—m? -———1 2 [(6.23) 7N TR FE]

2 2 m, +m,



130

IFCET (@91 2IfRT4 201 T 472 T |

SO FRACH BT (6 A

(An experiment on head-on collision)

@3f5 STRIFT ST WAET ToAF @I AT FAIF AT S o AP AYA 22 | 2T, T Sy IGYTE
AT o SMeT 2@ = | faStars, 7 7t fom wigpfon a9 S0 (BRI $oR IS I 27, O03 OIE SAFH Foa
(/T 7 TSI ! AP, G NCK YA TG GOIT Y2 T30 27 | POR, IRACS 3% wiest @2 3 #1ta

@2 2SI Ty TS T 2 OF foA(b aifegperel o it 71 | ==l 9ib 3e1 92 | «3(6 S (IATHG 91/
T/ ©feTaeT) @R S9R1G 2] (BT 761/ AR 9/ (R (Gfem1 <91) | AT Sl @00 1 m Sl (A0F SaHFoid
(=0 2 | o7 3919 @t Fob1 Tovel 7K@ TITz | «@ft (N0 A1 B IRz AfSTmTsta 56 St @3k A @7 @R
= f34f=e T 1 (02 =2gh IR FE) | P02 9 A el (coefficient of restitution) (AT A |

T T |

TR 2fl2fir @ S @9l off Freiw e T3 |

G G5 0TI I G GFT6 (RITH! 67 72, 0T I (RITH! 964 D F=Aiofe

T (A G2 A (=0T 13 (Brd @i (el ZER) | (R Ao 46 <@ W
G(F 2GS ATF G2 (0 RS | Ordll A, ©iF IeTocs [ifemeita 2o 20a «fb 76!
THO! 21 TS 2117, OF (5T @1 43 3 THOR S g 21! I 21T 3 m
THOR BT T | A AT STSJ I G G5 FEA0E TSI (R (FIIET SIS Al

TS 2/ I THASITI ST BLI @R AT I AR | QT 715 0T Iy oA

fl I 6 SEaIE T (combination) (535! FCAI TS 43 ©F 2o
e T | 9 G Y7 PeIRCE (standard balance) IR ©F W7 | (ST T4,

1 m
=—m;}, {1— ! }
2 my, +m,

1 mm
1"°*2 2
== Ui

2m; +m,

@t @ gergr AR o 1 2 TRE | AR R Sl
@35 PrIfe=iioRs e [rama 3|

TfRITE AN TIRIT G 0, = 6, = 0 40, TH=A
8 ST IRFFCER AT 24,

mpy,. :m1V1f+ m,v,.
2 _ 2 2
MLy =My + My, ¢

(6.24) &R (6.25) AT SPAICF,

myy (Vg —vy) =myo, (U, — vy )

(6.24)
(6.25)

2 2
q, vy (v — 0 ) =0y — Uy
=(vy, _Ulf)(vli +v1f)

S Ugp =0y + U

@f5 (6.24) ANAT! AU S == AR,

(6.26)

v = (m, ~m,) v
VS am, 6.27)
) _ 2rnlvlt

aw vy =i (6.28)

G Gl AR (m,, m,, v,) TG ST S|
AR (v, v,) A | oronr st Ko
TG 472 ST |
o 1 < I YUB! ST I+ 7 =, (m, = m,)

Vlj':()

V2f: vli
212 TN (AT T G AT 217 «fts Sy TgeITe
O 2l @9 S |
¢ 11 : T 967 o 4 @ =7, 3, m,>>m,

Vi =TV, v2/:O

GURCE O] A0 P QA 5 2wl g 9@l E
S |

» Trizae 6.12 AfeNet fNeGTTa 7+ (Slowing down
of neutrons ): NS RE3IE @b OREE 4—IN

(107 m s™') THeGCR 2ot Fatgs I 10° m s
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Q3! =1 2 AT GibF 7RI (isotope) 232U GE
A #ifES Fae SfEs TRl A 93 feiEn
ASIeT BITS 21T | (rle (J, G0 (05 T4 G
= SEam 32 - SIGRAN A P (I o
TG ST FTERee) AR Frifev=iios wieare e
o | @F SIfHRIH 9o 25T A | (@ e sAwiel
(T - Sl Sre, ARG, TR EGa Mo g
I, G U< 1 NOICHA0S Ce |

Ter fAeqaie e ifenfE ==,

1
K .= —T1M Uz.
1i 2 1~1i

afba i sife=if (6.27 AN SPAIH)
2
1 2 1 m, —m 2
K= Emlvlf = §m1 [MJ Dy
QISHIFEACRINGC T
2
f = Kis _| My
'K, m; +m,

< TSPt (moderating nuclei) 7R oife=ifa o
(Fractional) 3w =1,
f,=1—f (Frfow=iom 7i<a)
4mm,

2
(m, +m,)

B TFHAIFEM (6.28) TR AN (AT @Aforlifoe Frae AG1Z
SRkl

SRR S m, = 2m, GRS A, £, = 1/9 &g
£, =8/9. FIREER 2R 90% e SRR Agifere &1
IR CFC, f, = 71.6% G f, = 28.4% | AW YCIR
Y et 2eTe @2 AT 473 7 |

it (A A Tox I 1o @ i siforas) @38
TR I AE O G2 M (F G GT 7
CANR ARG A0 | <

CRITG! CIRTIPIR IR (T, T W42 7% A4 22w TG
sz eifee, i el S b (rmaiih =7 | ARereE
I 7= s 22 el Igojeniar A firs @ wifee aifstal
G IS A |

6.12.3 Tam aﬁ?ﬂi‘ifif/(Collisions in Two Dimensions)

6.10 7 50a 9B m, O ST TG m, OH G0
i TR T (TR 2R | @B TR RS el
AT AT | ARG TAR9 §FH (937 A, Fcez oo
S {x, , z} oA AT NG AR | FRAT 2T e,
R m, ST AT SIS (T WYL A T
oo FA00 2@ YR AR IS GBI x-y AN | @R SR
z-BAIRTAT T @A @, IRAAD TSI x-y O
RIS 2T | x- G3R y-GoARTHT AT 24,

cos 0, + m,v, cos 0,

my, = mlvl‘f f

(629)
, sin 0, - mzvzfsin 0, (6.30)
Q@R I R my, m, SRR v, G A S AE | QA
ORG wr@I f v L v, 6, @R 6, g X i A
ey

0, =0, = 02 (I ! ST GFAES AR (6.24)
A g, T <G Fefenlisin =,

0= mv,

1mv2—1mv 2-I-llTll)2
g 1t T TPy Ty Mty

IR PSS B RIS R EYACH CREE PR NI S G B RS )
2T | I A0 R Gy FHATTH SR GH{ Sl
AR I O, G N ST 20 | THRT FL# G(b T IpC
(AT x O (AT p S WG R 6, 97 T e
FAIRN {m, m, v, , 4R 0} G A (ST AIFCET =1
(6.29), (6.30) €K (6.31) FTEICET AR {v,, v,,
0,} &3 = fefr T #A1f |

631)

» Example 6.13 6.10 7% @ i gf6 FAwex 31
(m,=m,) T qCeta ey AT [eanal vl =47 |
AL AP S (cue) I6T 27 G3R o1 Fe00E o756
(target) 0T | (UG 575 RAGCS 0, = 37° (FIC
SRS HATHCE (FECS BT | 40T e (T, FIH
frfexioRs @3 qrmtg 5 @ 9o 5ifs 9ggsd 77|
‘0 g I el |

Ted @Ry Ui I OF AN, P62 SARCH AT
S S,

V=V +Vy

2

T, vli:(v1f+v2f)'(v1f+v2f)
2 2

=V H Uy 2V,

={ v,> +v,,” +20,,v,,cos (6, +37°) } (6.32)
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sl

QR ARG RS2 m, = m, | IR aifonea Tl
S e = A,

v = v, + 0,2 (633)

(6.32) @G3R (6.33) 7R AN AZ (ATF 413,
cos (0, +37°) =0=cos 90°
SRl 6, +37°=90°
TIeR, 6, =53°
«ft fasferie w2t esid T : “q4= FTreq T~ 1o T

Ty G PR o witg ¥ SRS« el fods
Peferos i 19 27 O FEET A7, €l AT

I iRt 270 1”

O SICIFOIE T2 TR A, IL ST 3Pgel ColleIiaT
CTRAT A N XYG “2TeTa N0 FRAY 26 F2A T
3far | @fb e, e @3k [T (e TR |

SIS 22 G, 515 91 9I0xf2 W20 ST < |
g SRt 407 it #1if%, 90 g S 77 (20
SRS WP T2 @I SN Foll (@I o=

GG TS SCS Selj (T T BT A . <
U SN U7 (A R0 Tiojten e oire 27|
@3 T GO0 ATt (scattering) A0 |

TR A7 46 TN aIferst @k wfey @i i 2@
BT T I FER AT @l AREires oFfs,

G O, SIFTS G S TAT |
e (SUMMARY)
1. RE oAl SpIE @3 a5 2Ifo=ifw oiffada ze1 agioa So GG I 2l Fohl( |
K-K=W,

2. GG T R RO M (i) T GAR O 0T Al ORI gl Ol el (v, x ) 99 Cofer ey
A 5 AT Tofa ST 2 A1 | (i) T A1 (& CRITA TRAT AT T [0 203 @A I

3. e 90 AR I T TUFHTE S0HTF 1(x) (F GRS TSRS F T (@,

e AAfaiE SRR e It |
F(x)= _dV(x)
dx

xf

o,

Xi

V.-V, = [ F(x)dx

4. fE=ET Ao NS TP, T (P TG T oA A 761 PRI 1 2, ORI (G AE

g Sl A |

5. ‘m STRT G0 FARF G (ATF ¥’ SHOI ey e 2,

Vx)=mgx

AT THOIF AT ‘g’ @7 T 2/ ST 1 AT |
6. ILF k RMED @3f ik @ x 2ifasiiel iR oo Frifemiio Feifexis ==,

V(x)z%kx2

7. ACILB T CFET A ©E 99 (dot product) (F A.B (711 2 @ Afb G0 (FAIT AT | A-B = 4B cos 6,
@R 0 25 A 932 B G TG (o | 0 G N S 167 307 Aft <15, 216l 3t #[5 20 2N |
b (SBCT (FAIT 9 (scalar product) (F G0 (STCIT T IR B9/ (ST AN (ST SO

GAITH ST T |
G (SHFT G

ii=j j=k-k=19Ri j=j-k=k-i=0
CFTIR 9ol R (commutative) €% [T 9@ (distributive) 3@ GG BT |
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aigfos At ACFS @ aTF ‘ Eica]
Raed w ML*T ] J W=Fd
offeif & IML'T] J K=%m,,z
Fafenfs Vid ML*T] N
e > E ML*T ] J E=K+V
o ke S Nm' F=-kx
YT M1~ g e
Vi = o fex
— P ML>T Y w P=Fv
p_ W
_dt

cetq Wﬁwfﬁ [ POINTS TO PONDER |
1.

‘PR T 7" — 43 AR 5]l 7 | FOFICE &I T S SN I [T
o1 S| TEPRRS 7 TR G AR5 Fres Srare T 20 |
T GG (TN A | b L Al Al 209 AN | 7575 &7 93 i amer cwan
T | @3f5 2SR Tg7 Btz 92l I Al AT OGS I Tl FOIY AN 27 |
ACBTe oI ST, UG TG 0y #AIr=ifi<s e et (iofee =je) 2 |

F,+F, =0
5 il T 2R FORIRR QI TP 7 e TS 2, T 7, + W, = 0

e Gt FAC T AT 27 |

FAC P IR AT AFFS Il 1 ARPEAS T A FoI el w1 [ 1 «@fb (6.2)
BUIZFe! (AT SICAFD! ™25 2, (@RI AT Tl 2itasl 1 2@z |

T I Gl FNCHTR TSI 91 (AT Fog % | P 1 ToAAMICS MOHTTa el e
CFT 71 RN (AT (TS 21T | 371 AT (q AN =i sicael Mifors i
THALNTT 2/ 23R (7l (TS A1 |

DR i Totoimy T TogI WTHeTE ATAIey 2 | b Sreree fmietae 2tiel Tl @re
A AW SR RTIGIRT T S (i RFRET 6T 21617 St 6168 (pseudoforces)
TGGE I |

TR AR SR G0 TG PRI 93T 43 W 7K@ 7wt Sferrefd At | Svizgersgt,
I e Sfefea 9 =7 4@ 203 o fies 2w sIrel (a7l I | g wiese
PRI =7 471 20eT, SRR /1 THOR m ST (FIC TG Sfoade FFSE mgh 2
Feik-« Algs PRI 2 93 (FE, 9T 091 I IR SR AR PRfoE
[y 4T 411 2R |

TR Srgefe 2ifsfb qrer AT P T=rFge =7 71 1 72, @3 I T I
B FOBICLR N ¥+ 27 1 3 Of2 Tl 0 AR (@I F=ife=if 35 A 1|

@3B AT AT : (a) FRACHAS 2T T30 @G 7R Ta@9l AafFe A, (b) sifexifea
TR Aot (Prfewisie MAER (Frge) MTE TIE 2eTF /=2 2w 1 97 g
AT A 2fofb Zrd Bl Aiey 27 71 | I AT 1w I 7o7 [iFho qh @3k
AR G311 ST PO AFCS A |




134

IRk

6.1 (I IFF Tl IR 2 FOIA BF 7oA @RI 472 9799l | ©iteTreid [wa 363 e
i FemdaE w s Fif ere :

6.2

6.3

Lol

(a) WG it AeTre Feer «6f6 ST (AT TeT1 TIITS (T U 21 Fobid |

(b) TS Cwrg ST 361 A1 FoI |

(c) «3b Tooe AT 936 IFH (=CeT

(d) T Sj ST RE ST SR T
sifefMet T T o7 YT qCeTa all
T,

() 936 SRSTAT MEAFT T2 AR
RIS IR AR SO PR
SRR S Go) TN |

AT FRARPRI A 2 kg O G0

TG 0. 1 SR T ofeli< KRS @b Gl

[ O 8o M 7 N e @3 S e

TR A aifoRNet s | e et

(@) 10 s TSR 2T I AN PO,

(b) 10 s TR SR T A AN PO,

(¢) 10 s I SR IGH ST (G
BRI FEFI,

(d) 10 s 3T I aifexife oifFada @3z
A TP RTINS |

6.11 T forg aswifes oo Hafexfs

SICAHRCR g SwiERe (It 200g | FAlfoat

TOACE | ATSIF (FF(F, G5 (TSI ST

0 (rite @A FeNfox ey eive *ifex

) 200 AR 1 | 97 Aol Afermig Fefba

TGN GHE T 20 O e T | G

g (ST ToaIT @@ (o (e, (@RI

GBI FrRifeIfER (FTeibraa ST 2ol |

V()

vV,
E X

»

>

X

V(0= V(a)

=y

(Sllon

i
(SIS
(SN

-Vi

Fig. 6.11
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6.4

6.5

6.6

6.7

6.8

TR (IS I STwifoTe G GG i T v
frifeoif STeimals 7o, (x) = k2, @I
k Z& (A 961 43 | bk = 0.5 Nm™! @&
G V(x) 3N x 97 @b (6.12) - ora
(R TR | (T (T, 3 [Feras sraefe
1 J Iioifs e sifeiet e Feil, x =+ Fig. 6.12
2 m (S10R, SREE SR e ST |

fferfie o Tea wie

(a) 96 ACFCoF ST T T

(e F AT SRFAT G T
T | TRCTR &) AR 2ifE <=
(I (AT AT T2 A6 A g
R wAfG 2 15 kg
(b) TG S Bifafucs oifz

M@ C oS TR YA |
AL YACFGT T 54 ATIT () Fig.- 6.13  (ii)
TRFAR T P9 AT
Tl o7 27 11 | R LA Ho)ef FHATAT Toie TR AT I FOFI Kol 2 | (e 2

() <36 Tl Toizz 57 SIRWEE Y32 2IF AN 2R FA TR YNGR ARG
e I G GF *{[ET T3 WG, [ 332 7 | ©f 20 «f 7jfeda Il T Sikre
QP G G o] I AT (e 2

(d) 6.13() R ora «F 3T 15 kg ©F 2T 0T 2 m @G A1 6.13(ii) 5= Fora S «a2 77 fo=m
CATF G (5T 2150 | S0 @I 2Ife1 (pulley) Boid MR (5177 IR @ <17 AT 15 kg STl
SR | (I (F(a FOI S 2 2

o< G @2IfeF® (Underline) 61

(a) T CRICI FFHRI 6T GFT6 IFF GAT G I, 2o o Fifieifg 3 =iy / 211 ot
| w1olf5afEe 2 |

(b) Tl 3T Rt o3 37 Tolw Foal, STwE 0 aifeifes / o 271 <o |

(c) IZF FHT G AT FNYTET (B SAENR “ARAS o 217 Ao Ttz iz <e1 /
ST JeT ARG AT TN |

(d) %5 3T SfFRfewIsE FRU, @ AR TR o7 236w 27 1, @ojten 2o @i sifexifs
/ (G iR SRl / agad 7RG (i *If$ |

e RRyforywaa cwea ey At fiey Srad 01 | Ted ATHTT I welis |

(2) Wi 3T Wy Frifowio 1A St awa Tare ¢ =i kafre AT |

(b) G IFT T Seye G3R JETF I A @F A &, G0 AT @G =i 7P
A AT |

(c) @Flon afell T (FTa, (T IATT To7 IEF 9fOTe FOP FITN ¥+ &7 |

(d) «=f5 SfFRIfeR=I#E A, IT AU S 91 Fmmr A aifeifis (2t s A |

g TR FIFCPTZ T& IS

(a) 7o RS qtema e FRIfSwIIs1F AT, IRAYTEAR S ALK ST S8 T (T2 O
AT o), O3 O I oifeif ikafire At 5 2

(b) 7fS AT g PSRRI A Batpl T T SIE (G (3R 39! Al s 5 2

(c) G SFRATAT AEEHG CF1a (a) IR (b) 9T TEHYTEN B A 2

=v
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6.9

6.10

6.11

6.12

6.13

6.14

6.15

6.16

IRk

(d) ¥t et e Frifexifs 3 it @ram TS @res Saiw (s 7, wizes 7l &
Frifewitoms at wifafemiio » (ST (@ SN QLI TR AP I AN TS
i« Rrawal w97, g sfesdin Pfexfem 72 |

GFTo TG ARSI FF SRR =R | @fb 7= R0 9 WA s e 27 | 7 e afoq So

AR T FAANGS 207 —

(i) (ii) ¢ (iii) £ (iv) 7

G PRFTFAORT TR AT GF6 I G52 SS0Y SSHI ST |7 FN IGIOF F AN A0

7@ —

(i) (ii) ¢ (iii) £ (iv) 7

G IGLF RIS ST 2-7F I /ST 20 1) FA Gy G0 PRF I F 20190 1 2,

@A F=—i+2j+3kN

QAT §, §, k T AT x-, y- G3R 2-B7% AR AT G5 (3T | 92 J61 21 z-97% I9199 4 m

TR S (TS F HARTT FORI TG 2

I SRfeiaifos MR ATFR G0 ZETTG G2 G0 (AT AT T 2o A TR AL

sifexifE 10 keV =2 ORI 100 keV | 205/RGH G2 (250 03y (I gosiisi 2 witws gfost

SIS eI 01 | (FERGER S =9.11x107! kg, (@BTR®T = 1.67x102 kg, 1 eV =1.60x10"]).

2 mm IR G55 AR G (A 500 m &7 (A 180z | @fb o7 2 Swor o Twel

A I T N (IF AT AT SIS NS AT &) 2ITHF #17, @ wfemost (21ifes)

gfS e 0T IR AT TGS N Aere At | AfaRma @It araieiees s @ faor o

SR AR A PO T A | A5 T 10 m s~ GOTS (MRITE G TGt 1) emiepiat

IR AR PO T T ?

CRITH! ST AT S5 O 6 AT =1 200 m s~ G R SASHACII AT 30° (e =S

IR @R 938 g 0T aifSfeg 23| @3 W wa@e i afee At 2 el Ffomise wifs

SIS

G5 Wi JITT e (AT #ATot i M 30 m? Seta @3 Giterts wetsil Fare 15 fifdt

SR | AW IS e (AT 40 m ST AT G AT 7 30% 23, SIECET A (i 3l

e SfGe Faeol T 21 ©f [T T |

AR Al QR 1o 92 7w 79 Rk @l afeide (BfRtea Sofx e sl =itz @3}

o7 GH{b AT ST~ 71 [RIfR 2t (@ o1 efiiet 2 «ibess oimrs e |91k Frifemiioms

2a, fAferie 6.14 72 fora Affe @i cFaf Satea o/ TBIRy Tt A 07 2

1 %3
e i
1 23 == oy x4
o o .
- 2
V
2 3
% V=0 --V-n- (ii)
123
-—> (111}
Y
3
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6.17

6.18

6.19

6.20

6.21

6.22

6.23

@ @IETET G A & TerRd MR 30° (e 2! 2@t | «@ft

GRER o FF SR A4 ATSET ST G0 G B (& !

S FF, 6.15 7 HTad I | 7N 217 A o156 Fo6! Toot 130

TG T ? (TR PG SIS SToAFIT 2R AT :

PRIfeRI7 R A |

G (MIETR [AGTE S oI SR (AT (ZOT (e 2e | T A
MESHT G 1.5 m 2, O (MeTa{od aif ootz sy mre .
GF 21563 5o 9 201 2 (e NITR, Gib A = e 5% IR me
ARSI Gy 57 A |

300 kg Ot G 5T 25 kg ©Id @6 Aifera <t fea asfo B
TR 2T 27 kinv/h TS T sifomiet | el s G (TS fba6.15
SRR 931 2@ M 0.05 kg s ' 2T Ao @R SPICS A |

Jiferar awiG Fo)ef wifer 2em 17 Gfew gfs fefr s |

0.5 kg SR G 16 I AR TART v=ax*> @C7] iTSH ST | @A @ =5m "2 s |IGHT x = 0 (AT x
=2 m 2R TR &) (G IR AR OB el I |

GG IYFCER AR (blade) SCHE JEITT SFER (Fawal 2e1 ‘4’| (a) I@ AP v (@0 JeloF
CRIFCETR A0 TRl 2R 27 Ol 70w ¢ T SRS AT o 9 2(J? (b) IRF I o 2032
(c) 4@ 7S @, IFFA0 2z AT 25% SfTeHEre gonefio I @R 4 = 30 m%, v = 36 km/h
@R AP TIg 1.2 kgm? | Tesifwre ©fve el F© 20a?

O T ST T (AW (dieter) ) &0 10 kg SHCF 1000 I ARSTHFCG 0.5 m #1 S TowT | i e
@, 237 AT s TR T @ oifwel Frfofea 2 9% SR Soba 2T | (a) NEFI A0 [Rgr
FOITFOZE? (b) 2fS A BR 3.8 x 107) =i 7712 FC7 A 20% 7o 207 g «fere Foirsie
o7 | eI T 6 A 5 25w Faca 2

@35 AR 8 kW FIOR SGE IR I | (a) G0 SITHF O (@ AR GRS SNivifow 27l 261
9ITT 200 W &l 901 ot | 7 @2 GTIRHIRET 20% IR SfEexifFrs gonefie 27, Sz § kW
O S *IfF FNE FHIF Tl FO0! CFITF(ETI TG 232 (b) A2 (FITa0 (el @36 Reew aifes
RIS (FPCT AT Qo7 A1 |

Tfefq @Wﬁ{fﬁ?ﬁﬁ (Additional Exercises)

6.24

6.25

0.012 kg OTF G0 06 70 m s ST @071 0.4 kg STIH G FHC SIS FH IR SICHEIFSI F0
FACATT P SRR 516 SN0 | FB0 7 O W =W (T Tl Wit | 3350 70 Tt 71 G ot ot fefar.
TR | FFOTS F AR ST T 203 2

i T2 ST St @37 e (@idt T € Seifba e @Fiel wifts @ st 7ft wer A A Reyre oriaa
AR feTe 277 | AfSb OTe1 G FCH AL PRF SRR (ATF QT 26 IO G Towe] I TR 2IGTO
T (5@ 6.16) 195 22 5 @32 A0 05 (o =i 2 831 5 w2 gfs e Aes oofeea 2 apianiwre | et
2 @, 0, =30, 6,=60° &R /= 10 m, 76 ~NATT S LS '@ SoiRe FRra|ea el e |

@ 6.16
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6.26 ISP SR TAT | kg ST G0 FF | 100 N m-! Pl 4335 7o 4 ik~ 1102l I8 91 2008, T (6.17) ™R
fora Tl zeaCR | ik Biwie SR (unstretched position) FFHE PR SRER (ATF BT 267 | TF0 TO0a
TRIRE 10 cm = 47 =17 SR 5T ST | 396 3R TOGTER N0 T 9joiisss el a2 | «ear ane, Fekkfoa e Srorsag
@R S{f (pulley)‘ﬂ?ﬁ‘@ﬂl

k=100 N/m

S66800 P

37°

ba6.17

6.27 0.3 kg STAT GF0 @5 3 WCE 7 m s g 0 sifema1 @3 (6 T1rioa 27 (AT etz | @it fTriod (NIt =are
30 (o157 Towl 3 m) W< ©f 2fefrg = a1 | @2 FaITe Tesiiire wivl sl 3 | ot Fre S At coiwg
TEa I @IC AT 2 2

6.28 200 kg SEF G §io1 G TR 2T TAT 36 km/h FNGFS 07 9IS |1 20 kg ©w @6 B Gierar Goig e
(ATF B2F AT (10 m 779) o (trolley) NTHTF 4 m s gore Riside 04 (eie @3 5 (At o frew @R 2w |
Gfetioa SIfes gfio e 203 2 G (TSI %[5 1 I (TS BTl 0 WG S 37T ?

6.29 fasffs (6.18) ora e FfoxifE acaaiawe 7t Rifemre gt sy P 711 7e7e aFm FE = | 92
TEAYCAIT (PRI O =G 27 7 |

Vo) ww//// WW/\\
g 2R v 2Rt

2R r
) (ii) (iii)
V(D) V(r) vl
2 G 2R 1 R T
(iv) ) (vi)

T 6.18
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6.30 F=E SRR (AT G0 T OG5 Sl R IR : n —>p + e
orale (@, 2 T 6 IYT SI6TR (LG 2 R Sea e 2eeag 1ofe 2 @R @ e @3 Fege At
fTSfFaTR g AfFe (observed) fzafvzs =i ezl afe &y wift w11 (5@ 6.19).

#fs g #IfeT U
B ARAN

v

fefe gz aife=fs
Fig. 6.19

[@537 : W. Pauli % @At ex el St Preeiena e @3 (6 STeres i 261 @3 SAiea a3 72e 71 e
@A ST p-35ell TTe (@ Moo Bl 27, TS GH(T PO Tl SIfFg Foi 1 st Fcaferer | 43 S e
2o RS RT (neutrino) | SIS @ &I (@, @b @G ez gefel 14 [ intrinsic spin 1] RS 1 (e, p Al n @7 7T
@} @t e T3 T2l AT SO FU ST (FEFGE SR o) G 2MITL AT 432 GHeTeid
A7 [F (interact) I | HEGT AfGTIcaa Oled ARG THg21: n > p+e +v |
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ARG 6.1 : o 7w ifre =i
ftsafie afars, 60 kg ST GFew HSTTE Ve IS == el (2) o= =1 277 |
AT 6.4 SIS TS =TT 29 (Approximate power consumption)

[E— QIfET FIT S W SR 7S =7 I (AT 79)ef o7 | @zvem
T 75 wfeat @3 S @R (heavy load) SRR TR (AT FIT 2 @TS AT
Wﬁ S ggg 25 Y RIC AT B i =2 11 | <Bix oIl @ 77 G, W
T 12 STl foFaI<e=Ti! A P sifatle 1 T 7 | O e (4, G S

v, TGeTe 2607 | TF 1T 7= [E SR S S IR Soieiw <=
JE ARG (I7 T 2N | 420 T
(a) ORI PRI AT AT AT I G € TH AR Sy 701fre 277 1 (57 6.20) |
(b) YT 2ifStaiy Srorwa |
(c) SIS 0T KT AN T Ty AT FOFIY ST |
(d) B T ARSI 2SN @9l Topif ST |
6.20 =% Tora@ SIS (TS 212 (@, 2ifS I ATer off Fia sl (A0S @3l 3fs a1fe 07 | O Siwifreita 26 gfea sie
3R PRRFET S PR SRR 5T S |

@ 6.20 517737 G5 I ST SRRITAT 5 | 2T 91 I TP (I SIS G 2N O (7617 o1 T NE
G [IATOPCNS 7y |

G A=A SRR, &S MCFCA 2TOTT Al TF FOI & ym, v |G m, T G 211 G & | BT @, 2 ATl
FRIT SR (A0 v, GRSt WG SIS AR 9 (16 C?RPRR 2l m, v /2 =[S Tfe = | 75g Awe S G 47

CARPTIR I AATCI AN v, BT (A0 PRI SR e Siiefs m, vy /2 IS Tfre 27 | Sireg @S Ameswea Teg Al
B! FTrifne FoI 24T, (6.20 HGTs S F)

W, =2m, v} (6.34)
&1 AP, m,= 10 kg 938 Az 2o 73 (G @2 &7 2(f$re (Meite A SIGFCF 3 m s gieq 7 |
S A1, W= 180 ] &S T
T s &S AT (7 2 m 4fF @R (@It G UE 3 m s GRTe &S GRS 1.5 AT+ o 31, ©igwE e el
P:lso%qxl.s i
=270 W

«ff ST 0 TS 2R (@, 2 ARG AW N G0 T e =i a5 @7 R[{fSn sl w21t 2res (e, IR afstaty
ASfS Tror 1 TR0 | TG KT 267 ST QT FES 9]0 5 2 71 | Ie19)Taie sy 2o 907 @R = H0aa
IR ST AR AT AN AL T 2 IR 2717 521 432 o | 5w el Ittt e 6 o1 e I #1f
T2l AT I TACHAPTIZ B FoI (el Trol Spies 2ifsa oisat «fewd coifz | qoma, siEt (6 sl Jfaate
LTS 9113 | TS AR SR TS F19S B 8 A 1 R, BIw! 6{6 S syt o1 2y e |
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(Systems of Particles and Rotational Motion)

7.1
7.2
7.3
7.4
7.5
7.6

7.7
7.8

7.9
7.10

7.11

7.12

7.13

7.14

SERl

TAEH

A NS

GTo el LRI (AR A3
b (oFET oFF A

@fas @ @R @R @oE
T AT T

TF @3 (s whet

GG 75 TG AN

Grgel (SMe)) A

F Q3R G SF MC2A
Tl

B ORI S AT SSaifeq
H%ﬁw (kinematics)

5 ORI S AT SSoifoq
sifsfamt (dynamics)

@B =T S ACATT IS
g (I eaal

IS vt aif S

RGN

(0 (I REPTR

SRR

ST Srgetetat

7.1 g[ﬁﬁi (Introduction)

AT TG W Aol a3 FF oifs e siema sEf)
(& Tt rea RRET Tomiion S TR | AVE 9T (@I AFE
(2) GRS T @A SR AN B I Afo7 CFrae Al
IR | CITFG @ 71 TG AT @I 7 1S ReT e Ttz |

ArSI2d G SR (el (@-(FI VI TG G0 I S
Wlﬁ@@(extended)@ﬁ%ﬁmmﬂﬁafwww
ARHE AP | 3 TG SR SAGETSIF SACE SoFs T G0l
599 | g 99 oifos ey @i =l tofae %! 999 | 9l Kige 7
AT G T A< | ST AP GG H<2 2/ Rt 5274 |
G TG AR CHEHE B Q4T 6T a=ell | Rigs agar aifeq «relt
TS SR 3G AR A 1S =2 Sl 391 |

Rgs I8 TR O TN I G0 Y I 2O 4 17|
v 5 A 2e (1 I I R 7 [TS a3k sl wigfe
STz | G TG SBCAR ACGa AfFTET Zw | IR AONE @2
v et T W0B, 75 TG @B F<ER (AT 2212 ASNA & (@, (Al
BT TR AF© YU 7 | [5G o (Feag @ RFfooyten 79ie | =
SRR IGAZ (o BI, FAMG, IOIe, Se9jTel @3 Senincs 22ojie,
SR (IBSICAL, ({03 e A I eigfors Sl STl w67 403 2
@ A7 |

7.1.1 75 3FA N 4ACA 9IS AFTS 7ATH 2 (What kind of motion can a
rigid body have?)

BT, IR 75 I 9o S0 Sniggel e @2 2t Ted (e
GO IR | 4@, 2N e oS ot ToorE @3 AT FF Ao
e forete 2Iutz | g9 @3 o 3G | O IRT IFOF A0S e ofo
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s

B” C

Baz1 (To0T IT 977 0P 567 A (ot #1et) |

JFF P, 3P, (3 (ST [ (T (I 206 952
@71)

G T (@, G T SN G0 Ao wiLfie @- G
TS FAYTAIR (@91 T | 95 IEH QI 2 bat 9ifsrs
(translational motion) @tz (5@ 7.1) 1

2F© BT %f$q (translational motion ) (I-CHTA
TS IFF A FAYTAR (39 T ATF|

471, 93 Towre (59 7.2) @ FG area a1 Fwow
le S o T %= | 98 APTR 6 I Q4T
GIefb3, TOSTE A (AT AT FRIE 27 432 IS
e oif 27| 6g 7.2 R oa (reiithe, (X (I 70 IR
I (9T (F9] I = | S04, I AT bel it
2| 97 9IfSTS b =ITIS o) g =Mtz |

C

@72 corweg gz (AfSr o) S | 9 aFe vt
WSTIP, P, P, 3% P, RN (J- (I 206
Rfeq @9l (G177 focze (rITa) SR | aFeIi
3% 15 7l F=eet ST 20, (3Pl 206
4% P, (@ (9 |

e aifeq el ‘9B oy g TS 4G, o g
G QTOR SR (€31 551 9116 AIFCS A A1 | Y TGS
LTSI AN IR A0l S 2o 9foes @3l e

@4l R T T A0 G beraifo Tl A | 96 v6
IGT @ 7 MBIy 1S 251 T (rotation) | (T @ TR
TGO BRI 267 SIS Fofel T T 27 | (oI i
SR B @ T3 SHF (™ F AR S Smizel
AT @, Pifeceenie, FEFE 511, TTSfie, AaromEt
Ty |

Jy

(b)

o7z <2l FRIF s (e FF g9
(a) Piferezema

(b) TEIEE 5

Tl N @R (@I Ry gefta & wiff, beT sl
Ol A B! T |
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foare  z-SPECAICE G5 75 T8F 39 | (WD 2l
7 e P, J1 P, G310 JGCP 99 0T 9T
@ (C, 31 C,) ST CAF | 0T TG (1,
v, ) ZeT o7 AP HBT (P, IP,) THIHG

ST AT P, 47 0! G0 [ PRI A )

ofil ZACe! &% I A, T o ATATT @
WG A 9oIC, A3 @ifefb Feit @b Jerdia w12 Afedia,
2R TCHA ACA TF GFH e TR T GR (FWH
ICFA TATA ATF | 7.4 1 5@’ 0 =<0 (fixed axis)
(T PO z-P(5) ACITH @36 5 a9 Iefqaifors
CraIToR | 4CA, R o1 (AT | 0Y b IGI07 (-
T 90 P, | = S0 CoiR @9 (Fm C, @] P, 901 7,
IFNET GFT0 J€ 601 TR | J&b SCHF 70 777 GFo
S SRR Tz | At SRe (TR @, G 6T S
@16 eIl P, G P, TR0 O (A0S r, WH0G IR | P, IS
r, IR @3 08 IR 3R C, (TG SICHT Tof | 9%
S ST TR oTH 6 O SRS | STHAR P, 9= P,
Al e JeyrE o7 ot SRIA FCe I, o) 2
SR TR PRI L A0 T Ol SR A |
S G (I TR &l (0 P, 7= 0. T8 6 A,
@ e 00 i it | ol o, FIte iR 2w |
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(ST 31! SAooF =1 37 27 957w
‘0’fR=7)

GFG (AT (R Fe | FoF et
‘0’ 7

@ 7.5 )

Yeftaa e by Swireae o el 7w Ale Aite
AR | G GECTR o7 G0 TN GHiRol Z& (I HR
@35 MR gl (7.5 a T @) | (o= 43 fwfe @,
Afowf forere (A1 zufer) RiMeRie 2w 9 @) 9emi13
T 5o 9IS (712 | Sifeee (AT SN e (@ & <&
gefepiiet anfber el S s1ret i [egansh Sarafoa
HRMEE I @3 7.5(a) 7R oraw wtol @3 *i5q o
T | AR SFFHF SHCRT DRAME @ 04 9IS 0T
NG precession) | 75 AN, gﬁrwm Ao il
T o | nber gl @ (e s72re i R fG =ifow
T | € R YN N GD AR Sni2del 26 (Ml
(BT I =121 55 1 | Of ZACe! o7 FF AR (@,
& (R FIR GACTFT @3 @eife (Ao ) oifs
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s

wCE | 2 9IS G ST Ot ST S AT 208
3R S @ OlET ﬂﬁﬁ"ﬁ.\a Fretal 41 (pivoted) ST |
(7.5 (b)) ota <0’ T)

T T IF @R SR 91fS AT e 27 o
« fRyfb R AT | TN Yo SIS A Craejieice
@ — AR g ==@1 IG5 T, 75 G0 @I
@4l 77, @6 [ e <At | @3 cFig ot e w3
Ffre @it Ferrr i Kl wifews w6 1 2 @i, wiEl
@RS TReTes @R 9ot R gl e 561 3799

fo@ 7.6(p) 7B 3G (S Tl He19ifs @ gofq sifox =

7.6 () GI57.6 (b) 7% (50 9% I [Afen o1f© folae | 75
P9, P IY6T (F (I G [7; 0 T GF e, 3l
I @107 FTCRII© F) 203 | G0 I 5CeT (F, 0 GF
2! 1% ZoT TYHF berel 2T 2% Tr, 9K Tr, 1 7.6 (a)
G 7.6 (b) T TOF 60 0 93X P 9T G FNCIT
foaf5 fem 3208 IFCT 0, 0, 0, ST P, P, 933P, -(©
R o1 7.6 (a) 7% 150 (o (73l 303, [/ oty
WS (37 (I JZCE IHOHT 0 G P FAT (9 |
TN, GCFCT OP G ([T (orientation) TN G5
[R5 AT 70w, 430, ST SINCR o70e9 OP (3 (<Pl T
PT O G2 AT G o, = @, = o, 7.6 (b) T o
55T 9% YA ST Koo Ao | Gred (J (@
T2 0 97K P 4 (I [oF | G=IGIS a1, o, G o, 72
fafeq 2o s

@A @36 @2l (Tefie wrwfh) o7 | qeita ey g 7@t
T AR SR AR, I (@ G =7 s @@
A |

TOGE IARF G0 GITET SEE A AT 20z 9T
STHE (F% (A fq 9% B (translation) SR |
GOITF ST b CFLa oiF Sraie ‘Fg G125 Il
5ifS | @ ARTAFTS R 7.6(a) 9= 7.6 (b) T ez Haae
(4TA | ToF Hag 2 ITT UF T ATHA ST 5w
(RITBZ | 7.6(a) 1% B0a @i R 5o @R S CFFG4 [7.6(b)
T forg] @t 9% veve @ geftera e | (@3f6 oI T3
0o FHA WG O 772wl 9ifS 5@y (575! Fre
A1)

Sl G2 IS RSt 432 e Aoy
HAACHA F99 ¢ kﬂﬁ@?@WW(pivoted)ﬂT
QFCE A O (FCATSIC FoF F41 A AT — @7 e
7 {7 BoT @121 B '8 Yeftera T | R T
(pivoted) I O+ (FTATSITA T a1 moaga ife ==
o1 gl 2@ (6 o AeE @ e (e fifer
FP) LA G (@ GO @ A (BeT i) |
TS I S (I G0 =G S ACATF ol
912 Rape1 351 |

7.2 ©9(FH (Centre of Mass)

ST 2N (74T G0 Fell TR SIEFH | R
G97 Af6F Sl SNTA T | SNTENBG AT Gy
i {6 e @36 RN TR g 399 | SR g6 A
5 T AN (G X- O BT (731 |

yA
< X >,
m, m,
G ®
— x,—> c
< X >
v
Fig. 7.7

Cl, (@I ERY O (A el 70w 73 IATCH x,
@GR x, | N o7 T AT m, @ m, | AR wacFw C
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TS @I O (ACF X 1A0Y O S (A @14l AR

+
X = nyx, +npXx, 71

m, +m2

7.1 RATFAE X Fx,8x, G477 7/ 91T (mass-
weighted mean) fRC3 ﬂﬂ?Wiﬂlﬂﬁ‘{%%“ﬁ? GEOACk |
RICICRIN m, =m,=m 2, o0

_mxtmx,  x+Xx
2m 2

X

1) 7 B DA BT R SACE [ QU RS I EEAC)

EX
X PP (e @36 AT IR, I SR
PR, IAPC m,, my, ...m OCFL n AAYS Fl AMCF OIS

RGN Foll TN SAH R SR 2
n
Ko MUXFMXt o 4T X, ;ﬂ X _ Y mx
m+m, +... +m, Y m Y m,

(7.2)
Q@R x,, x,,...x, Z5T Yo (AT RS 79 |
X 8 @32 [ (AP ARG | T a6l (8 o
P191) QI 7 AU AR NG I | 7R (6
O S

Zmi =M

(A, G2 AT SRS 7 G31e] FeI{D ol SR |
AT (00T SRS (378 O x G3R y T fey foain
AT SRR AR (x, ), (x,, v,) SR (x,, y,) RIS
AR 3{fo® 1 A | 4, eif Fobar ot A m,, m,
G m, | ToaG (1 @Rl 9/ AT SAFH C @I
RGN GIR G SRRIAT R (X, ¥) & @4 AT

x = X + m,yx, + myx;,

m, +m, + my (7.32)

y = my, +m,y, +m;y;
m, +m, + m,

(7.3b)

AT FAENT G m = m, =m, =m,,

_om(x+x,+x) X tx+x
3m 3

X

y A Y+ y) v+ Y+,
3m 3

GO[F AASCI [Seb TN G SAFHIL (centre of
mass) 3R FN9[CeT! = ‘ﬁ%ﬁl—\g@%ﬁm (centroid)
TANASS (coincide) |

7.3 a ™R @3R 7.3 b TR ANFACT TN M 1 FRASF
N AR Gl AGTNFR (geralised) T AT | G G52
S(E SRR FACO 20 G0l 7 G 92 R (0w
I | G 6! TR S 2A (X, ¥, Z), @A

X = & (7.42)
= M 4Aaa
Z m;y;
y=%&=~ """ 7.4b
i (7.4b)
Yms
R Z = (74¢)
M

R M = T, 261 AR (NG ©F | i PO 1 (AT 1

I RGO m, 2o (-0 T O 3R -0 oI SRS

(x, ¥, zi)mmmlm (S3ER oF I92F I

(7.4a), (7.4b) @R (7.4c) R N7 o7 ATTCT @
A (O T AT

49, r, 267 0% TN TP (SFF GR SHARCHSA
SR (O R 20

A A n
r,=xi+y j+zKk

IR R=Xi+Y j+Zk

S DL (7.4d)
M
T ST AT 267 @ (o357 TS |

o (A, (ST (IR FCA ST AT FLG
SR | 3 o R R (RIS 22 SR
1 2 O3 g7e el AR & 2 mr =0.

B 7553 A1 Tuw bR 00! YOy 26 9 ARNRS
TN IR |GG, TR (7.4a), (7.4b), (7.4¢) IR (7.4d)
3> G IFF (G 2ATAIST | @ 4ACE IS I AR
(B9 3 2 R) Ge @R @, G AN FoF
FENTENT SAT S =907 ] MBI 17 | (ARG I
MR AR 43 (=G (T &) IFHre ©F 7aen O
(e Site— 40 o 2R | IO Am,, Am,... Am_©F
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s

TR n AT FAR SfcReifere T | -ox FT7 o
Am G G SR (x,, v, 2,) | O SRR RIS
eI @ T —

. Y am,)x, Y Y (am)y, . Y (Am)z;

B ZAmi T ZAmi T ZAmi

n (F IR (ACE IS GR Am, (F Fh (AT FA0A
AT G AR AT A 5T 1 (GTwE -G
TABAENE TN M Bizre Face 2 | gei=

ZAmi —>Idm= M,

Y (Amy)x, - Ix dm,

Y (am,)y, - Iydm,
G Z (Am})z; - Izdm

QT M Z5 IGHF (I ©F | 924 SHFH T RIS
m J—

1 1 1
X= MJde’Y:M [ydmand Z:szdm (7.5a)
@ foa (F MR 9o7 (S AN 20—

1
R=—[rd
Mjr m (7.5b)
I SR SREHRGE SNWE FRIF LA BARY
fReIa 4ta g — ot
R=0
wrefie erm =0

q jxdmz'[ydmz'[zdmzo (7.6)

ST AR T, (5l1eTs, Bl fk aefs Tsprg
(homogeneous) IBI SIACFX T FACO 27 | (FTIPTG IF

FICS SE O AAOIF 6w g+ IfoR) | 2fesry
TRCBART S FTRUeR (RITS AR (), 9979 G O

G SIfNfeT Sarms SR |
dm dm
O .
—F——J————— F———J[—————1—> x-axis
T L
5@ 7.8 93> 371 FCCF CIHL [97

4, @30 7Y T, T 2 € ([Y ( TTHF 2N
STSCFIPIT) DL A (TS 2N GIeIFR) @
TR GeIE 39 =ITH! | 3 RJgfo qefon wififes e
R x-STHCF AT O IR AT S| I oA1f, q0ea
x - ST AfSls SoAma dm @3 afoTae wfre
ARSI T " SR I3 ST dm SR (oa
7.8)1

4 T Afefb c@iees i [ xdm e 4
| 7.6 R AN (A @ {7 Toy et res
W (62 26 SAEW | GOIA PTG TTHT SAFH I
Trififes @Frme AW#feS (coincides) | 2fowFeTe Sfere
afSAIna o fofe e @ft 33t 2w |

@32 AT I 2R, BIels, (olfeTss, G Feipia

T SROCHFARPI 2R (V6] TCF CFLAe 219
IR | QR IR TG &) OFSl S T @, (v, y; 2)
TS AToF SAM dim 97 G (—x, —, —) RYCo 3
O G GoAMIA SR | (TSI & AR, I TGRS
T ARG 29 2fowers Sive Aoy ) | weregsl
(7.5 a) R ANFACE I AN *[7 | @fb I @,
T[T oS TR T TAE G G SHIfTeS (e
a3 |
>

Tz 7.1 TR fagreR MEmre s foaf

N S T FC! | FNTAIT S TAFT 100g,

150g, @3 200g | 7TA1g faweia «fsl aga

0.5m |

Teq :

200 g aB(0.25,0.25/3)

150 g
A(0.5,0)

100 g
o (0.25,0)

g 7.9

&
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7.9 7 f5ra @I (I SR (12 TS x—ST%F, y—ST%
@R AR O @ 61 0, A IR B 771 95w g
fogaa foaf MRz =imies IAF (0,0), (0.5,0),
(0.25,0.25 /3 ) 14T, 100 g, 150g €<% 200g ST TR
0, A ¢3¢ B fmqre safere | wgq —

X = myx, +m,x, +nzx;

ml+m2 +m/3

[100(0) +150(0.5) +200(0.25) | gm
B (100+150+200) g

75450 125 5
= m =

= m=—m
450 450 18

[100(0) +150(0) +200(0.25v3) | gm

450 g
503 3 1
=—m=—m=—=1m
450 9 33
fora Sa@®m C @It 291 | ercal, «fb fage OAB
9T SRS (@5 T | (o 2 |

> Brizga 7.2 : fageisfe «3fb “ireetl #tes (lamina)
SR R I |

Teq : SAfea A ALMN (F Fo9Cel g Fhest e
Reiem 31 2e1 | 7.10 9 BTas NCe! A9 @i (MN)
TG |

a0

afe AGHR MRy el FEew sarem gme w4
e At | I SRl SR @9 R e Sl
LP {2 | Sro9d Afaei fageia Satam sl LP @3
Tolg SRS | 2SI, @b TRl MQ €<% NR @7 G927

SRS | @ (AF AN IV @, SA@RD w3l foaia
Tre SRR wgfie Ggeta ea® G (o w1 |
<4
P Tzt 7.3 L- SIPeF I AMe 21T (lamina)
(93> Areal o) SAtE™ e R | <7 AQiacE
for@ @It 267 | sireba o= 3 kg |

0@ 1 X9R Y oGS 7.11 92 fora (e 2o | L-Siighes
“Areat 2irsfba MAfRyeten ®iiers Hrag Srel <71 74|
Rl (eR fre 21 @, L- et feaft aoftra
9IS @3 ATeFH I THaT 2fS AT W 1m | AT
@fb 5 sAreal oe, O @foft Iftwas o7 kg |
Ao &y I5Cwa feafba ea® C |, C, 938 C, G0
SiffeT (Fr® SRS | GE RIS JAFE (1/2,1/2),
(3/2, 1/2) @R (1/2, 3/2) | = 472 78 @@, qofTwa@s)eng
o3 g2 RYICENTe (Fuigs | e L-oigfon Arefba
TAEHE (X, ¥) 26T @ Rqeo)(eia S0 |

I
< 2m >
F(0,2;1—4-E (1.2)
.CS
___________ D(1,1) B(2.1)
°C, E oCc, |lm
~ 0(0.0) A2.0) %
ZCEAT

Sodq

v [/ +16/9+10/2)]kgm s
B (1+1+1)kg o™

(1+1+1)kg 6
L-SI5Ted 2iefba SaF® OD ([T T Safes |
e =G SR T S FACS A7 | 70O AT (5 2
4, @ foafs 3atwa faca L wigfon Arefb sifde za1 —

1A/2)+11/2)+1 21 [k
Yzﬂ(/)+(/y+e/ﬂ]gm_gm
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a7l [fen sagw | g Fei@ Ares eofta saem

fefer Faca 2 |
7.3 SATFHA S (Motion of Centre of Mass)
AR AR TR fofe S Sl @ee ol o=

@3 IBRT 7Y [ Nl 711 7.4 d 79 AN
o qeI e HAifE —

MR = Zmiri =mr, +m,xr, +...+myx, (1.7)

o3 —
dR  dr

R an
a " ar 2 dr

+..+m, d"
t

4,
MYV =mv, +m,v,+..+m,v, (7.8)

@A v, (=dr/dr) =& 299 FAfoT @9,

v,(=dr,/dt) == fasw Faifoq @9 Tonifn @3g
V = dR/dr T SAE@EL (@9 | SE1 403 Wit @,
SRR A m,, m, ... TG ST (A #4767 &
T | STOGT AN T FACI AT S T T
& BT Rz

7.8 R FAPHEICP FNCL HACATT ST FCH 212 —
dv, dv

N M, +otm
ar M ar a7

n

"odr

qA MA=ma, +ma,+..+ma, (7 .9)
QAN a, (= dv, /dt) 2a1 22 9010w 929!, a, (=dv, /dr)
251 fasiy wellfb @l Topiw 432 A (= dV/dr)
R SIS T |

@2, ST o o@ (A, 22 3901w Soix 2w
I F, =ma,, orm 3467 Cox =oys e
F, = m,a, R O[(J 7.9 ANFIIF (&1 T

MA =F, +F, +..+F, (7.10)

GO A AR (NG S G SACRCHS G 9ol

26 I ACRIF TAF AT 7K 0T (S3F Q@M |

TP, T4 S FNOT Sofwr AT F, 05T L
@y Of (6 Gfb 1 7 g @Bt 2o 2tew T Tow
AYT I IR (ST @19l | ATOIF T G217 4 AN
R AR AR AT TG T3 2ATT AT 91 @R
AT AR Srer@aiel e | FRCHas TR 7@ (AT
SR S, @R SrerERe et T ¢ Koo —
GIR (ST (SO TLAT 27 3R 7.10 7 AN IR
I9FET %[ | @ FAFACE! (TG AfTF IR, Sl
SR | 7.10 2 AN 7 THERS Fool @7l A

MA =F

ext

(7.11)

@A F,, e i A2 Sl 2 QMRS o9t
ARG AR |

7.11 7 TG Rge 03 @, @FH FeAt AR
TAFHL SIS R (3, ARABF 74 ©F (@ @7
TACFLHR (FHGS GR A4 AYS vz @ [qre
IRaieicl

T A, SAHF 911 el Fa0e Aol Srersaia
TH THE WCF AT (712 | GF o ¥y I 79
TAE TR A

7.11 TR IR (o170 Fell RN 2AFFS FTo1TF BT
FAR 2ATAGH (72 | AR STAFYE] TN FLFT 200
AT @ I LR e i AFTS AT A @
7o TG A T [ BT i BIitR S|l bere @< gl
Sifo% 7= | RN @3 97 Fog YT @9 A @
Tl (@ SAEE O A1 203 7.117 AN ST |

SIS SRR TS g0 TG (91 9 (single)
ol RO IR TN 2ATRTICS @2l SISt G0 ol A
RO 927 TS 2T | e AR ©F 9T SAEH
Age G2 AT TAT AT AT 61 SAHHT O
FaNET @I 4T T ST U 9ifsR bete Sofiest wefie
7RI AT M (oIto 21 |

LISISERRIRIS REE R beo (e JUE R (E RIE AR
T IGT GO SYT 0 QO =R IO AT
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RIS SIS ST S SR | ST 92 Sofefer a2
@, 7T SR AR gefaaife @R / 1 Srerea
9IS 2 SRS SR TN — G ST Al I SN
FCAMR | G5! FA 2ATAGH (2 | NoF CFaald & APo
Ao %4 (@ IANLS! (AR G 77 IR @8 (HEfy
T 5o IOt I FATE 2 93K 7T FACO T 4
(1) 935 753y, 70 AR @I izl | =2l

(2) R LR SOTE1¢l SIS =0l G 1o Fell Fe=! |

y2
A SRR
sifostel Tt
’/%\“_
AN SIS TeTT
\m aifoiel
[3) X, . x>
Bariz PG RN CTPH T IR
Y PG BET@ A (F 70 A 5CeT A7

I ([P o S

7.127R @B 257 7.1 1 TR AT < ©Ie) Tz |
G A STelaIfos SRSRPT AT 20 A IRCS
RTwfde 20 Friked AAfiere 261 | Srepsdid I S2 9
RCPITE 906 | SACRES AMSCO G (I M (712 |
IS Q12T 96T (el A ol 2 SIfead 961 RTe s
A 8 AT @2 AFCR | o (e RTpiget 1t 960eT
3RS I AR SAEED 98 SIS AT 2T
TS HCS AR |

74 @35 Foi-AGAT IfAF ©ATI% ¢ (Linear
Momentum of a system of Particles)

T B, GF0 FNT @RS o9 WEwre o7
p =mval (7.12)
e T IR @, (& G0 (single) FAR G

FaXoX

[HEGCAS A0S ACIOFCICT (121 AR

r-2

dr
@A F 251 390107 Toi T 2fgs 67 | 4031, 90 7=

(7.13)

TR Fll B0Z | G ©F G- (@9 AT m, my..m
G V,,V,,.......v, | I ATI7 et [eare
GIR AR G AR5 T (AT | ST (RS el

YR 1, V) My Vg e e myv |

n AAF F 7S oiifbg alis sae wewifre
o FOF PN S0 (ST (I91wet e |

P=p, +p,+..+p,

=mVv,+m,v,+..+myV, (7.14)

7.8 TR ANPACR AT Tl FC 5413 —

P=MV (7.15)

GOIF @F6 Fol ATAR (N6 Sqca9 T&1 7eRifoR
(115 ©F GAR GF SACFHIGF (FCHF YOFCEE oA | AR
HATTF 7.15 T FANFIACE ST AT —

dP dv

— =M-—=MA

4 4 (7.16)

7.16 R &R 7.11 7R FAPF Gl FCH 20T —
ap _
3 = Fou
bz 2e7 g% il A Tt fNSHLeT o s10ad
e 371
Q4 4T, G Tl RN S 2 JIM2rs PR
NN *[7) | ©4 7.17 7R ANS (A

(7.17)

dp

ar O qP=9R=

GOIR (FICA Tl AT ol oY TS 767 74
e 27, ARNGF @6 (@RS Ta3e! 435 230 | afbe ze1 it
W‘(WWWWWWW%W‘TVEI I 7.15 R
FRFFe (A I I (@, T4 AT T2 2T (6
AT @1 ¥ T I SAHEA (@9 G7F ACF | (92
G Tl R IS A ST S 407 e
@, AR (A ©F 473 AT 1)

(7.18a)

T A, STeyEA I wgel wfle FeNoEF A
TR SO AFT 6T IR &) T N (G Sibe
AT 72 (trojectory) ARFCS AT | IM AT ToF
FIfeys T 62 #7237 @ earew @3 R @l



150

SR AT wefie o[l FRT 0ol 96 e @
ST B |

7.18a W& (ST AN foaG el Ipacelz
NG |

P =c,P =c,dRP =c, (7.18b)

G P, P &R P_Zo x, y @R z— OF 19 (NG
TR SRSl (9T P @ BARPRR G ¢, ¢, € c,
43 |

He He
CM
—@ > - ——> Ra
Ra h\ o
(a) (b)
Baziz@ 90 G [ (Ra) RO 207 970

21%! [ASIFT (Rn) 93¢ 905 ST PN
(He ) Gl 237 | TR G5 (CM) FR5
fere SR/

(b) CRHT R @I 972 (VSR
(Ra) [S©1&7 | G2l 390 7077 @ #7797
ooyt |

Trizge e @ Mefgaiem srel, ol
SifeRE SI=E T (oeF 9o [Rapal 741 T |
e fTefFam s e g3k s et S
Feifere 23| =TT Sreredil IR e |2 [Eod
@G3R FRRIF T IS I F919 | o RRGreg =Ieal
@R #ATT AR (G (AR S9! G2 27 | @3 [GH
qfS Fell S 27 AT ST @3 Sersl i | 9=l
fxfen s aeita 9ifeRMet (@, 9 SAHHS Afore
@G3R 3o REGe @G e Famte sfery aog &
(f6@7.13a) |

I ot Roacs e g3 oM ©oF (A
AL T @ SAEH T PRI TR NR O LB
GIGS TI9ITaTIR SIS T IR et (R | SR Felloftel

- Fas—gP S,
\// \//
A A s
QL0
1
‘o ‘< S,
(a) (b)
Bazis () 76 ORI AEFT AL S, (CF 7037 (i)
@3¢ S, (G171 #WZ) ez Cof (ae 7<= |
T O C I Afere A AT |

(h) O3 (@© AR SAH ¢ FRIF SRRIT |

GO S FFRIF (@02 7.13 b =12 FHraa @ <719 %51
RIChaRICHIH

TART (OGTRT [ AT TCO! Fel AT S
SR SRS oM @ S 9. S H
e 1 RIS |

T2 R (79 Ol (Binary stars) @30 A&
o1 | W IT AT 6 =1 AF O (70 O SAC AT
9IS G [T PN CO! (@AF6! 7.14 (a) BTG (T 2= |
AT (7© ST AT 2i2e bra @t 20, qwd
(TS STioe | T SIS SRR (0 T3 o0 S (i
@, TR S (FH T (7 I JEITI AT AR |
N0z (59 7.14(b)) | GOIE ST NIHISTF ORI AT
AL T (i) G AT SHEH O IS | (i) SR
ANCATF JEFT FHAL — @ FIIF TN |

it SwIzaet (AT (7 AR (, G0 7RI R oieeig
ST SAHCHF 9IS IR SHCTH ATATT 91f© G 74T
FCE T 2T [ o @FieT @32 @it AR

IfSTF JITS AW FAE |

7.5 ¥ib (SICAA (837 99 (Vector Product of Two

Vectors)

siwiel RWIT (839 GAR G I T Sl
RS #fzoS | 79 i (I, =, =wwret) ==t 76
(TIET (FO 9IS @e AR | @36 gl
CoTSAI FRIE T67 932 7 — @ 6 (o3 AT (TR
ajerpet RO WewEifte 91 2R |
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SEl G2 6 (SFCAT O 96T ARG T4 |
UGG 2JeTA0 G (37 | 9ol sifeq S ufb aggalef
I T T A 3R (A SACIC (e Yl A0
(@39 99 R @R |

(SFA LT A ¢

a G b b (ST Y6IFe ¢ (TTF T

() c9TIATc = absing FAMHaGRb T a8 b
W @R 0 (ST GOF NLT0! (I |

(i) ¢ZF a R b -IF TS OEF 9T 717 |

(iif) A ST O 2T T F 72 @32 OIF A 2 @R
b 4T QFFOETE BT AP 2 G Fio @ o
Tl o7F 4R W S F 9T MACE a (A b 9=
0 g% ©0 F -7 A (tip) ¢ 95 SIS0 WeoF
T 17.15a 7 Bra wiHrie! 1 wimrel F gt bra
SRICF TG P 2CACR |
I I, M (FS a 3R b (SFERF O O

T @ G (RIS 0 Ol RIS SGHACEANT e

IR AR G SGETER I Soy2 a (AF b @F

0 &0 o4 JRID ¢ 97 aCs SeTE =20 (7.15b < foea

I R SACR) |

A

c=axbh

(b)

Ba7.15 ) 75 (SFET ST YA SSTE R
G AP T G B (R
(b)  (CFF YIRFCETR SIS (TR Gl G2
[z 1

T2 WACR e FF T G (OIF Tl 2ted
ST 2P IR R TGN a (AT b @7
e (oI 2Pfe Jriey ¢ @3 SfeTr o 90|

@B G AT TR (@, a IR b (SFCEF NG 96 lel
TR 1 7.15 (a) ST (b) 7R 5T FRES @O9ENE 0 9%
(360" 6) (TR ST | BT TR (@ LTI AT
a (AT b (© Y CF0a Fued (@FIeifb (<180°) Fre =@ |
QT @ @S 01 (ST (o537 9 JTe 71 o Iz
T I GG T Y9 (cross product)€ &l 27 |
o TF A, Y(I2 I TR — U6 (TSI (FA 9l

fafersrer ozt GG 5CeT | widie ab = b.a

g (o33 9ol [ ozt ity =1

wdficaxb#bxa

a x b @32 b x a GF AR I ( gbsin ) | TS
LGS O3] a G b G SETF SR AT | 75 a x b 97 CFC
TR Fh a (AT b G (P 0 | WoR#ACF, b x a G
g G b (ACF a @7 (T | GBI W @, 96 37
ATl fsidte s |

s}, axb=-bxa
o (T3 YR ST G TSMF 4 2o 2fSTae ama

o5 | et (e (Srdie wofte eifefg )

ST SME x> -x, y > -y Rz D -7 T FLA

(TICEF M TARRE Hrag «iffade =7 ¥R eI

a——a, b— —-b3F|

©I20, a x b O AT | 2@ 2

axb— (—a)x(-b)=axb

IR ARSI wFel a x b @3 forza e 2w |
o (93T I YA (FAIN 6 (SFT TwH I8 A5

T ey 27 |

G (SR

a(b+c)=ab+ac
ax(b+c)=axb+axc
o TIKH 0o ORI foT4T® I ¢ = a x b | &) AU
SR S IR 2AAfE I oea
(i) a x a =0 (0 25 GF0 ¥+ (37 T (@ (IR
)
@6 G5t (PRI, ACRY a x a GTATE 2 5in0° = 0.
LR (6
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(i) ?x?:O, ?x/j\=0, IQxIQ:O

(i) ixj=k

T A @, G j 9T sin90° Al 1, (AT § GR

| TONR B AT R GO A (B 90° | TSI,

ixj T 9 &FF (TFT| § € | (TIEH O GO
Y G TR F s 7S GG G (93T =4 ;|
TITRZ TATR FENEE AN (9061 | (TSI P ABTR
3 fTe At —

A

A0 NN A
ixk=i kxi=j

A

a0 S .
jxi=—-k, kxj=—1,

A

?xﬁ:—j
T ICAL, CHTRT (ST oI FF AW | ] k
BRI (cyclically) ST ©F (ST 5T LSS | M

i,J, Kk DI 1 A O (9T JeTTe AeNIIE |
G,

axb = (a, ?+ay i+az Iz)x(bx ?+by Aj+bz IQ)

=a,b, k— a,.b, Aj— a,b, K-+ a,b, i+ a_b, /]:— a.b, i

=(a,b.— ab)i + (ab,—ab )]+ (ab,—ab)Hk

AT AT (21T S 9Jo/2Fe] 2 FA% |
ax b T AREAE AZ0S T AT Ty @36 ez
(determinant) 2 TS AT |

i j k

axb=|a, a, a,

bz

> SmzR 7.4 % (SIET FAR G (9T YA
e a = (3i-4j+ 5Kk G b = (- 2i+j-3k)

Teq:

ab = 3i—4j+5K).(—2i+ j-3K)
= —6-4-15
— 25

i k
axb=|3 -4 5|=7i-j-5k
2 1 -3
% I, bxa=-—7i+ j+5k <

7.6 (Ff0F @ @92 @9 AC@ TS @A TS ¢

(Angular velocity and its Relation with Linear
velocity)

Q Rl SRl (F1F @9 T0IF @R ol aifere @3

ol e St 9 | SisEl (redfe, gefee I
Afefb TNl @b JedF AT 2Afeode | Fe1fbx @ie @il
e @R et ToRkgE | @ 9 AT ey T
@3 (TFT YT ITC! T [ SR S[e Rt |

5o SRl 2[Tdq 7.4 =% @it @i | ota qm @
TE0R (@, G WS S ACoAF o vy a7 aifof

Z{k

<y

X

GG [/ ST AT g9 (70 TG G0
9 P SRR S5 (2-975F) (F (PF FH JEFIT
7Y G GI¢ G (PHIG (C) I TAT
ER/S)

Tl G0 JEITE #I0 YF 9. b STHF ACH 577 G5
Gl O SRPRS | FEbe (FE|G ST G SRS |
ST 7.16 9 50, 7.4 7= @l sfmseress S @T =i
ST (Z-SFFCS (R REACR) AT Y 75 T Cofat

oa 716
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AT @36 T (P RYCe) (Gl 2R | ST
T C e w303 01 @ germ 212 3¢ 36 |
&g AP 1, T o (AF P Ry 719 m@g | P Ry
B (@RS @9 v (9FT (98F) (& (T 20z | 96 P
fRre ey e 77T |

LT, At I 917 ({07 S P /e (69 7.16),
PCP’ (I Ar G o 7 A6 -(F A>® I | At
IR IR 0T oI FIfelF @91 AG/At AR At
¥TIF 47 0L (tends to zero) (T F7 (AF Fwed
ST)A O/ At SIS(G G0 ST SHe7 23 [ P re F0iba
Sl (FIT (391 do/ds | Sl (i @9 ol
o (& orea ) e e o | Feriw 2ife e
(AT SR S @, Jelwiz #I0=l aAfeiet oz Cafks @9l
v OF T @32 FAifoT N @9 0 @6 TG TF
V= 0rFR I | @A 25 o AP |

SR (R, RG0S v = o r FTF0 75 I
A I (O A0S | Goita FRIT O (A0 7, o7% VE0Y
SRR Al S 20 @i TR (ST @9l v = —

Vv, =0 (7.19)

G {56 | (AT n 7R TG, (AT 1 251 TGS
(I =1 772 |

S TAT AR G, = 0 STOGT v=@r=0|
QI SCHT AR Fellofeetl PrF | g (At efferm = @,
(G i |

T (A, A FNTAIT T S| 962 (FIfoF @91 o
TR TR | O Wi e |G (@l @S
o E TR

T (T TS (FCA TG FF1 S TR0 98
¥T7 frag =t 3ga fem vem 3dqt ety
TFZFIFAOITA TACIA (TR ZTS IFA e LK G728
(FIOR (o1 72l 4TA e o e el 3t 73
T P! (3, R PR S AITHTT (P o Sesife
2e1 7.1 & Rl Stifos agcs 9% Smreia 7 | =iefie
T Al il Jer #IT=l SifoReT «32 Jefb =ITera a1y
O(E SRS G GF (T SCHT THAT SRS |

SR TSR DA FCAR O (AT A 27 (e
@9 9T (RN | AFOATH A6 G0 (ST | SR G
Fiefel [Jpitg T A1 fog @it [ I @77 | = o
AT Yo T (@91 (ST o o 9199 27 9%

g AR AW TG A0 Y@ O ST F6 @ e
PR 2T (FI (@i Sifeye (73 i 27 | (59 7.17a
@) |

Tota Bfafie 2 (30 AT 0 = d6)/dr

)

37 G5 A NPT G G NI T !
qCe, Fo (I (9 o -4 [70F e
2z A I YT SOy (AT FoIF
fac 31 (=137 face) PIfF31ew 23 O o
9T Sfoy4 8 G Ao 27/

g 7.17 @

v

~
S~

I (51 (SFABT oYY 507 o 71T
S5 JRIFF | P 7o CARF @ v = o r
9o o 93¢ r CTOIF e TF 9% 9T
wfSy3 2e7 P95 (3 0@ AN I
JOGT P JHITT |

SIS G (2T, @ 1 (SF eI (i Ko (SRR
g 71 7.17(b) & s o2, @b p (i #12t o
7.16 7 Torasg s | oafo (T @, o feFalba wfeye
TRier 2o 19 9. AR, <O FANCHTH Y5 T P wllba
SR (93 1 = OP &5 JC, 1 [q(6 96 Sea T
T 2R

@717 1)
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s

GRp| oxr=0xO0OP=w x (0OC + CP)
g ® x OC = 0 @R®Y o, OC FJR
o oxr=®xCP

o x CP (S0 @ 97 o g wiefie z- oF @z s
P R @ 36 AR 03 ©IF TPNE CP @7 Tos o17 |
o9, 4t P e Sifese s a7 | (@29 o 9%
CP 773 719, oxCP 9 RATE o (CP) | A= CP
@ r, M fofere T3 32 St Seo! r e 71 =1 |

GOIE, @ x r T or, AT GO (OFF G 46
&b P e ~ixfe 717 | P 7re @RiF @6 (o3 v
OF @2 W € HSYL ANZ |

BOoUd, v =@ X r

(7.20)

AFCITH, 7.20 T FAFACR T2F(0 @1 40
g g @ (6 75 I9F g (e Ay @,
a5 AGER g4 [oa :7.6(a)] | @Twg o Rt
SERY AT r 261 FA06F SRR (ST |

SR T SR @, FF o ATs 9ot e
A (ST o G AGYCLF 2IfFa 27 M | FoF #1797
T @ TR AR 2T AT | =8 Aiae geftra
LG O 21799 @ I i IR (G2 T2 2If7ase
209 AN

7.6.1 (RfoFgad (Angular acceleration)

(ORI TS 7% 0 AFE (T, 57 aifed o3
R WIS aifeF Tl etz | b aifew ret corEt
TS DS | 5o1e 91 I7=oifFe tafis et @R @t (v)
-9 31 BERIME ool g9 sifore Ffel el @32 Fifels
@9 (0) 2| 57 IO ANER e @91 2AfTaS g
2R AT g1 I conf 9efq aifsres (F1 e
QIO ol 9 | WA (FIAF T o (F AR ACH!
Ffe @9 ARRSE 27 BEE FeElfe 324

do
wigfie o= —

> (721)

Tt e Prie 20 @ 0 IR o 97 Sfoye frE |
UG (93 TN (B (FAR AN Ao 22|
a=32 722

= a (722)

7.7 5% 932 (Ff9F ©ATI% (Torque and Angular
Momentum)

«Q S0 SR G 76 (ST AR e #Ifdfow 23
@ Y (TR (OFT oI RO SIS | el
R i e SR R S 70 99 (e
SIS (T4 (@ @ojget R ol |

7.7.1 qCETE QINISF (ﬁ) [Moment of force (Torque)]

SIS SIS (@, 966 FEaRE oif iers gefqsifo
@I 5o Sifeq a1 | A 30 (@it Repee 31 @36 @t
[ o7 Qe ot Igha xjy gefasifs stz | s
Gif (@, I 5T-SRIF RS ey wifie @fis
@9 oA & 0T AATE | SN O 2 IO
Aifs — g6 9Ifex Fta SRl 3 @R 2 30 AW
sfafefen fafacd amifs orats v, sl @ wae
BT @32 I TR Swiegals 2 | e @l qoay @
N Q6 =T T S AT gI0© AT | @i
J IR g2 @1 AAfRET @, T T 96 76 wEe
AYT 2002 (16 I 1 | IS A3 2T I (e ooz
I FACS AT Al | S GPE A T, TSI AT
PRI A 2T 20el o0 B Ty 432 IR
27 | gefeifen vea @it @i 391 73, T Frei,
I 2FT 2= CoIe L)l |

A a (G IR S A 26 e oS |
@5 5F A wqree INT | [T AE GNS GR 5F
*9CEAICE [RITSTCA9T St (interchangeably) IR
K 1] (T G0 (single) FNF RO (F0@F o) 651
AN S| AT TRGT® FI9 | 7S] 7T @
YRENTE FHAGAE Fell AR T2AIfre 791 | i aifiesr
SR SAfTe e SLfi) G oG (F1F GATIF Acenle
TofF Tl T2 |
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Z A

X

fo@ 7.18 t©=rxF, t 39 r 935 F N7POCETT ((3J ©C&T
GItR) THF oTF 3¢ GF SO ClTNTT F

fariew e |

Tt 4= Fe1 (95 @I (single) T T P Rvqre
& 903 932 TR O ACTH 97 S (231 r (foa
7.18) 2, O3 & O AT Fel1fow Soft feaietiet acet
IO (@ (DT 0 B SIS 27 G 261 —

T=rxF (7.23)

JETF ANE (A1 5F) @6 (237 A | @3 & 1 (AT
TEFIDIG) ARSI AT T & | T G W

t=r Fsinf (7.24a)
AT 2o SRR (O3 r G Wi wefie 0 OP, F 2o
T F GI W9 IR 02 r '8 F 97 0459 (i, fora @i
@A SR |

I QIS QT M L2 T2 | @9tet i b =i
W@ et | e @t T Srerw fon @ cSToif |
IR A 3 (937 A 775G I 90w i
AER AN S G 257 (N Obe- 61 (Nm) | I QT
A @1 AW

T=(rsin®)F =r F (7.24b)

A t=rFsin@=rF, (7.24¢)
@A ¥, =7 sing 21 Y (AP F AT 77
TG @R F, (= Fsin0) e F 43 Toliedl @R «@fb r. @3

ey 1M =0, F=031 =01 180° W@ =0 |
QeICa A JCeTa A #7027 A e A @2l I
ERAIT 2 O I ANE ACE 1 [vanishes] |

SN T, TP r x F 430 (37 9 O3 GUq
b (SRR (ST 9J0OR CAREB[CeN 2rey | 7 F 99 Sifoy
oIS (reversed) T T, OF I AT SMOAS
oo 23 | SR T, r 93 F TorE wifeyy [Rsidre w41
2 OF A0 GINFT AL €2 AT |

7.7.2 9% F917 (F{9F ©903% (Angular momentum of

a particle)

R AT @ 90 oifere T SEge ol
(1ot waeast At 2o 3o sifors @RS SRR S |
SR AT (NG @0 (single) FNF [T cFcag
Gy (PIE SR AERIR® TT G (e GO AR
7 (2ifFte ¥ BotRifarel (74| AR T s
SR FREITS YHIGIE 90l I (Fa AN 909 |

JETR G [CO! (9P SA19 € 936 (9T
Y61 | TP SRR ((ART) I RET @ T 41
@S AT | @ *H (ATF (FS S FACO AT FreI
@i wa@el F@ife 27 |

YT, G6 PO O m G (ARS @A p 136179 O
FCATE GF SRR (S 1 | R, O ACATH 167 (Fifers

SR | e Ak '
I=rxp (7.25a)
@l Saet (33T W 2@
[=rpsinB (7.262)

@A p T p OF T @R 0 T r € p G VLT[ (Y |
ol ferete wf
I=rp orrp
@4 1, (= r sind) o EIRY (ACF p 9F SGYL @L
o9 @] GR p, (= psin@) T p GF SHAIH Al r GF T
SOy | SR S FHCS AR (@ I Sq0@9l 7 7@
(1=0), T (RS S35 M ATF (vanishes) (p = 0), AT
A SERMCS (= 0) SR 6, A W p G
@Aifw @ o1 =7, Wi 0 = 0° A 180° =X |

(7.26b)
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JET QS QIR (FOP SRS — @ (ST AR =0
a3 gl TR Witz | @b 347 sifeq @Fta 791 @} IR TR RIS GRS
R ST A A=A SR | G5 g Felfer a3
(single particle)CWWﬁﬁ%W G A 1 =1 R W
p G INES ACHATF ST I % qEe @I GF
da d THE TOT
arar P \ s ey
AT ST I 2w eftiol S 2 — wie | AT
d dr dp - E : 5 e
3 EXP) = o XpArXos A 9% B @7
seent 4t e
BT @ v = d/dt SR p=m v e e e
e ' AT I3

d
«Q P d—l;xp=v><m v=0,

@2 YL G (SFET (SFF 90 AF 1l (vanishes)
SR @29 dp / dr =F,

rxgg:er:t
dt

T@ﬂ°f1ux )=1
N g TP

d1
—=1
dt
GOI(F, G0 FNT FAET ATATTE FIIF SA@ER
AR 217, 97 Tl AT G w0 | gl aifefma
«ft 5o1 SIS F = dp/ds TR0 STegg7, Tl (0 g
{1 beie oif e feGtas fask @b awm s |

a6 T AU 5F @R (F9F ©F% (Torque and
angular momentum for a system of particles)

G Y ANTATE G0 ol AT (T (Floe
S (00 T SRMISIE ATSIH0 IR (Rl SRR
(93T @19 FACS B | GOIE, n AP 90 7RG @3l
Al ARG &y,

a (727)

L=L+L+..+1,=Y1

i=1
i -ON TN (FNF SN @A AT
li:rixpi

A r, 25T AMG RARY AT -0 S SR (0T
@8 p = (m.v ) N RS S (FNTT S m, G (@91

GF TS QAN A& @ A0 SFFIF AF | I
oS 46 ! (20T M6 OrF T Fro 2 A | 927
TR IOIF I /TS AT ANVCE CHTOII A | SRS
faca SO SCFa SRS T GRS | 924 S (AF
«3f5 3@, 43 B, (0T e 32 F q06 AL I |
T To¥ e YRTe ARFE GR g e A
MOIF (AT 9N 4T3 @) BRMCS #I1F AT | S
et @, Tl o o At 9T @7 el Sl
TSl A -4F ANCATH 27|
SRS [ G (I SHCI9 6 I | 9F
I SR ey el et | 749 ofvl A e
ARG efaisT T 403 AL 2 @3 5F Teww
o | (S SIS oI Sy AN, Wi el wear —
IO 5F Tl o7 @R 97 Sfese F12) &l
AR T2 51F AOR 28 (FIfs SA@9 @R 5F
TSR Ao A I SCHT IS 97 9T
(Precess) | 13 IFIATENE BB FCF (74 |

V) | 90 AR (G (6P SCalCs (Tl I —

L=} 1=) 5 xp (7.25b)
Gf5 GFH FUN FARAT @A G0 FAF oy FAF
TAECIF (TN 7.252 ) AFAF© A |

7.23 92 @32 7.25b WL AN LT FCT NN

dL_d d,
PrRETIVRIRD ISR

i

(7.283)
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AT 1 Z6T | -0% SR Tof Famie] 53

T, =1, XF,

i-o% ol T fFARel F el 2e1 Salioa Soig
AT JITF TN et 932 A1 o) Fellajeett =il
YT SOIFA T F™ G (ST AN | TOd ANl

BsE TS Zlf = ; L X F o aifae a3k sreredid
TAYENCE 52F 07 forate iifd —
T=Teu T Tint

@ Text = Z r; X FieXt

_ it
«3e Tint = Z r, xF,
7

IR *jy SO woOI A, Sdfie FRIF @ @I
6 I Sy AR a1 3l @ Rsidre [awal w2 1
g WIRe 407 (7 @ 9 IR SAGYR FRER ARG
(I TR | TG (ARG AT fha-2ifs i gaet-sie
TF 7 ©iZ, FRIT T2 2T (G 5L Ty I
ST %70 | OIS 2R 1, = 0 OGS

T =T+

@Y T=) 1, 7.28a T ANPT SRl B

dL

E = Teoxt

qeIT3, @Ff 97 ACATH (Ser ot T
) @ Tl AGAR @6 (FOF SACACAT ANCHA
e AfFIS T4 2/ (time rate) Wﬁ*‘l’@ﬂ? wHa
e (S1fie e IR 79l 5F WR) | 7.28 b 7R
TN @ Foll T (e @F 6 P (single
particle) C(g 7.23 TR ANSAE ANTAIFS 71 | 775 I,
Y SR (A G0 G Fell A 0L (A STyl
31 A1 5% AE A | gefaifox 7.28 b AT

dp

— =F
dt ext
G S |

T I, 7.17 TR ANFACE AT (7.28b) 7 ANFD
@ @] T AR Gy, A G oI @F Al 7
YA STIEAN YT 9 Tog 90! RS @ |

(7.28b)

(7.17)

(Fifes SaTaT AT (Conservation of angular

momentum)

T 1= 0,2, 9T 7.28b 7R FAFEAT WS
a _,
dr
A L= (7.29)

oY (@ Tl ORI AW (G AfXrs 5F 17 =
O AT (G (FfA S0 AAFS A wefle 435
2T | (7.29a) 7 AN [0 CFAT AP TG |

L=K,L=KandL =K, (7.29b)

A K, K, @R K, TR L, L G3R L_ 25T (6
(F(OF SACE9! (ST L OF I x, y G2R z -9 QS
Tl | (G (1T ©acael Acafwe A — 93 [Rgfeld
AR @, g Foals Sofiseeiar 2Tl Fcafre AT |

(7.18a) =R M eI Sjgst 247 (7.29a)
TRFe, TR @O FA AR &) (6 RF SA@0I
FH 919 | (7.18a) TR ANSACR Col IARRF (g @
AT AT SR | 2/ @ S S| 9T IR NS
AT 7F F39 |

p TAZ9 7.5 : JARY ATATE @6 76 i+ 3j— Sk
5% faefy 911 116 @ 47 Toim 5 a0z O

SRR (T3 TR i- j+k

Ted QU = -k

Q@R F=7i+3]-5k -

5§ 1 = r x F Sefa o s Qe (determinant)‘{@%
SISRABISEEN

i j k

T=1 -1 1|=G-=3)i-(=5-7)j+B-(THk
7 3 -5
A —2i+12J+10K <

» Trizgel 7.6 rdle @, WS @6t e afefts @’
(single) I @ (@ R ACATE (T ©A90
e SiforTRE 4375 |
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e : €@, @I ¢ Y2 P e waifbr @l v 1@
(PITN ZHRIA 7 O ACATE FeNfox (Fifels waeael st
aleiell AT B13 |

=
\

7 sin@

—_——_————

o)
@719

9P SF@ 1 = r x mv | & T 25 myr sin, @A
0T r €I v AT LS| (I, @61 7.19 7 Forg @
TR | TS AN ! F9IT SRR AR I, v @
SIS @3 2TF | SOET OM = 7 sin 0 GF6 435 |

CIEEEY RUERCISHS R RUE RUE RS G E TR B K T
foafba el (eotaa e | TR sTrent <3 wifos »ffafes
2T Al

GO, | ST 9. TS G2 AT wLie A<afare 0 |
o Toia (RICal g 5F v 62 <

7.8 @3 G IFA AR (Equilibrium of a rigid
Body)

it Pl AR SIOTF (20T T2 G FHe aifest
TR S SNCHABAIE (g IS ANz |

YOI CHF ARI A0 S ARSI - G (B AL
SR (ofF 99 | (STor SsEl e @ Reaels am
o, el T 9 AR [ 27, SEl @<e Al @
@R TFEN A ST F99) | TN oA oo
et SRR SAfRaes T3 Sefie @oytett 7.17 7R AN
SR GO @6 @RS STEeR ST 7| g
@f52 *xEg IR A T | IGF THF (G TF #+
e 20T 2NCH | G LACF 5 YoIEd el RS SRl
RS FF W 7.28 b 7 TN SPAE IEHI @6
I SAETR ARAS |

@3 7HE FIMES AR SNTz 311 23 A7 7 3RS
TAR IR (FIIF SAC9 TSR T e ARTET
7 = G GFROIE, TG AF G I (FIels g

02 T ANTF | @ (AF A AT @,

(1) 6 Fe1 wigfie Y5 IGF TAF IR (©F AND
RURQIR
F1+F2+...+Fn=zn:Fi=0
i G G (RIIG <1 %[0y T O FCHAL ACH T
I (RS SRR #Afea & 1 17.30a 7R AN
(TS TGO 5oT oI oF AR *1S sAial T |

Q) N6 5F wdfie ypAgTa ToR SR (9T AT
= |

(7.30a)

T +T,+..+T, =) T,=0 (7.30b)
i=1

I FIfele SR RS =7 11 7.30b 7 AN
(T GOH gefaifon AT =S 2leqt I |

(G 1 T 24 00 AT (I S ATHTF G372
T 2R, T Gift 3703 T, Ot i gefaaifed R
%S [7.30b R FANH9] (F4 P2 (6 FATS AT @,
i JHAGR oo ARG =S [7.30a 7 ATwa0l] a2l
(holds) 2 O SERMT CIRFN I (I JioNFE 7
wiefie gefaifer TR =6 JERmE (@ &Y ACoies
T T (T 267) SRR o | 7.7 Swizgelf «it vty
R (07 @2 TAITeTa (0 el o wielie pemaifed
AR A @36 75IF o o 76wl TR | @
FEFE p FRUE R &) ANQRATACT G0 SeleTell
RO @04 ol 297 |

7.30a 71t @R 7.30b 7 T2 (ST A0 | QYT
TS (FRT AT AL | 7.30a < G S A F=e]
m’ J—

iFM:O, iFiy:O
i i=1

@I F,, F, @K F, 25 PR F, &5 T2 x, p @K 2
TAI¥] | GBTITH, 7.30b 7R FAFHC TTge] Foafb (Fatia
AT T —

n
=1

@3z Y. F. =0  (731a)
i=1

7, =0 @a ).7% =0 (7.31b)

i=1

7. =0

x )
i

-

Il
—_

@A 7, 7, @R 7, Z 5 1, G AP x, p @K 2
Tl |
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@ oI fET AT I 7[R & 7.31a
TR G 7.3 1b 7R AN 2T Fog =6 (7% | 95 IRATF
AT TGT © AT YT A IS TN 2o ANOEA
(coplanar) | (TC(E TS ARG Sof SR TG
TSI *1S SRR ARG 2 | GI9]TENR 0 4f *16 vermalfen
AT ST ; OO0 ( (I 70 575 S5 < 0T
T AT TS W2 %[ 20o 2| goIT *$fH
SIS IR AR S | T SR G o7 (Al
ST JARE 5F TR SARHYTEAIR A5 ST *[+ 20 |

A SIS SIS 20 Freia 95 Fii
FARERIT ST G0 THIEH (g T 1 (0O A |
@2Y gefafed e @ T afaet a1 27 =1,
(FIETG eI AR (7.30 a 7R AN ) *[S9 Tl
G AT AYT 2, ISR G P ARG T 74
JET (ST I 2 *7) T3 | (ARG 9 Il
@] 930 (A 9FF) AT TolF 51 0, Q9jTen 37
SR | 23 ST AR IR AR e
I 2R |

GG T WL AR TS AN S o
SET9IfSR AT ARFTS 2T 3 Yefaified A=z
2, 912 @t z3ret gefqaifon AR =it @3]
el aIfes AT (72 |

173, 93 2= (e ST F9140) TC (AB) AL F-2ATT
(A @R B) 4fb AT G T2 AT I&1 TC6CS
TG 2T 27 (7.20 a R Bra @4 (G NTR) |

g 7.20 ()

4CA AB @F S5/ C, CA = CB = a | A 93¢ B e
T A Gfo TR (aF ), g Ry 27w, g
T (T SR | AefBR Coi7 G &sis %[ 207 | 715915
gefaifes AT A0 [5G vermsifen ATw w7

ZF;tO

A B

C
N

7.20a 7 otaq B K@ 7#bess 7.20b 71 fora Rvidroy
T3 291 | IOIT I8 0T AT 95 T =R [oASrog A
Je1 TSI [T A | G @1 A 2 @38 2|0 B
AT | G SO CT G 37 A7 [5G @zl [Rvfros @l
T @Ft @32 wfeyre [ FF 4R 7UHT S,
(anticlockwise) FECTR 11 27 | TGO G2 (NG 77 *[777;
oAk I bt oifex ARERIT ite; [Kog «fb gefaaifen
AR (2 | e Fef @eeita Fra (SivHie) 77,
@t s gefqaifs stsie 0 (Siefie 5eteaifs get gofd) |

o 50 @4IT @ reie! T @3 [y 3t aea
FACE & A 5F e | @36 77 bove 2t gofy 3%
I

FL SR G (ST GIpaICe GG e, Sisiona
G GIFIGTS @0 77 219 FC [7.21(a) 7R 5@ |
) G0 S SHER] 2 G- (b T (LA G0 A D E,
7.21(b) 712 oTT @ (Tl BT | G- (BT CFq SSHCHY
@ MR GF S IR 1 AT 0 | T&F (A
T @0 SeAMC G WEFe (IR T el wiwwe
e 5 0| @3 fos =27 799 A pI6 Ted-
w2 | 4fb IR RFAA @8 @A ACF
QI G-I (FLAF &) DRI C2F GF 7Y
& T |

Fig. 7.20 (b)

B@7.21(a)  GRENG TS TN ANGETTEN GG TG

aqeny FeT !
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s

>

G2 [RAIOY ) T efeza A | 4 75 T
G5 7 FH P

fo@ 7.21(p)

» Trizgel 7.7 RIS @, G0 ACYS FINS (I Y
FACATE ST TR 20 OF TofF o7 7 1 |

Teq -

Fig. 7.22

qq, 7.22 ) foraw wrel 96 77 96 75Ig TR
51 F02 | B 93 A T Reiiiet qe19)7e1 TR0 F @3]
-F | &1 O AT [RejTeiia o= (83 r, 938, |
5&1 SIS AR ANCATTE IR ARPTAICE 2 |

YR G = FY IO I61 KoK QNG A
=r x(F)+r,xF

=r,xF-r xF

=(r,r)xF

f9r +AB=r, R AB=T,r,.

SO G0 A 261 AB % F |

15w @it R (@ 76 AT SR Ie19eet
i [WER) W | <

7.8.1 ACHA Afe (Principle of moments)

T el ferela 2ot oo @3 2= (Sdfis Ty ©F)
7w, @t e 77T @36 Tere S 2t (pivoted) |
@WWWW(ﬁllcrum) | (6 ootz ﬁ@@’iﬁ‘?{

TrEel 26T I (AT TCd G - (see-saw <
COfFa1) 1 96 @ £, G F, A1 TSI A= AL TS
TR B9 o19; LT ([ (I SIITR, ST (AT
AR d, G=R d, G091 g fereiess Soe fFal s,
7.23 7% Tora @ (Tl itz |

g 7.23

ToTeta 2aT IME AR AR G A<= | 4T,
R 251 9579 0o S1ers aidl afefal | R e ofeye F
@ F, 0T R | betel ARG —

R-F~F,=0 @)

ol AR Gl ST ST AT @ 43 |
TR ANG ST *[7 2 |

dF —dF,=0 (ii)

AIGIFer® NS (anticlockwise) TNHCH LeIGF €2
TERAIST (clockwise) TRFCRE NG 41 2T | AT (3,
SEHCe R 1 S Q3 SETF ACHATT G A %77 |

feTeitas e, M 961 F, 25 90 ee, A
B0 POT0O R(A | G0 ©FF [0 | SoTH (A 4K IR d,
@W?@(loadarm)ﬁfﬂl@ﬂﬁaw O
ATHD (effort) | ST (AP G Y d, (¢ I 13 A
2TH! Al (effort arm) IC |

(ii) =R ANFRE @4l @CO AT —

d[Fl :dZFZ

3 IR x O = <& Al ATD! A x 71

T AN @0 T e IwEa Ao
S FCH | TRSTC F/F, Soiieibee e AifEs JRul
(M.A. — Mechanical Advantage );

F d

12
M.A.= F, d,

(7.32a)

(7.32Db)

Tfir 751 A1gfD, ©IF g SICorH AT 28 O e [t
1 SR 001 2 | AE AR 190 T@ @0o I —
TF AGDT @ SCE (Ol T | 5% (see-saw) RTINS
CONIF BRMCE FTeiEa S Suizdd IR | YHRES
Wb (beam) G0 BTSR | @ (RTS8 Twrzgel (AT
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4 GR 2AfSTHCG qWT AT (ATF ST, 6 AZ @R
wl7, Oiag Hizre w1

G 1 F, G=R F, foTS 0= Soi o7 1l /G (PIeal
@I 5 Ftete aeEs S @ ey 27, o «ft
RS (MRITS A |

7.8.2 ©I(FH (Centre of gravity)

SGLEH BAIRT (15 I2CF SR FILF Sfeezs
COTITRT STCACRAE ST | S~ GG 2150591 7.24 o0 751%
RO =Itg ¥R of @i 2reE I @RITS 21K | 9Fh
SRS SFow FGEAE @R HARTER T© 7Y TIE
@B G A | ‘AT G2 g6 (trial and error) 2R
@5 @3 7T G il SIS A0S o1 @A FIESH
IR T A4 @ SIRHIT Ot (9 SRR
FICTATEH ST ©IF) | @ A3 K6 261 FIGESGHS
OREE (CG) | (AT Talllt @fo THRIA 701 @aie
I T GRS AT ARG AT | 7.24 R Bra
N (AR S0, (A= TteTa ol Frerre i (s es
Mg (Sigfie SIfeaa q67) @ I @3 [iide afsfa o,
Q PR FCREH Fera AT =g | @it gofq
ARTRARIRE BT T 71 27, $P1 5069 &y «fs F1e
TR AT 3R AT AR | FIERITET Fog TN Tl
e TR @ m,g, mg ... A A FE A
IIETANE THYTeN Teotw 27|

AT Gl FGCRNTEH SR | SI2
s G 93¢ @f5E eI |

@ 7.24

FICANET SRAEHND TSI T T A (@,
GETNTm g, mg ... 2SS IFYENT G 5F %[+ 2 |

I 9l fge I CG ACATH (-3 T S
(T r, 2, O CG ATHTH ST I &+ 53 1=,
xm g | CG IANCATH (G ASHY Gfee 56 %[ 2(A |

CEI T, 2271- =Yrxmg=0 (7.33)

SO, S GG TYH CG P GOl RIS T
AT — CG 251 9 96 [ @A 97 Tl i
oG 5F %7 |

7.33 TR AT S oF FCAR @, g I TN
Gy A G2 @fb ST TS (A0 | 9 (iR, @R g
W[ T (Non-zero), Y myxr, = O T A, SR
(T r & CG ACATT (T FACZ | 4, 7.2 = e
(7.42) T ANFACR (R I SR AW AT (sum ) *[+0
23, O SER SE TGO SRR 2(F | GSIF N
SReFCE Al e R SREFED IYF SAFCHD
TANAES (coincides) T | SN 575 IR (@, @b 79y,
e TG @G, g GO 9T 90 (AT SN for 27

@725 <6 GAFASIFIT TGT CITCFH (A7 |
OIRE G, IUOT JT A N3 TTT (FY

AA, 97 BT RO |
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s

a1 3 TG0 o2 Rge 27 @, g IFHIT 9F A (AT
e SR FO7 27 O SRITE G TAFE G2 [RYCo
THifee & 1 | eTe @ 7ft fom 4 | sfewT Tom
AT od w07 11 @t T F0F Wy IYre wiFT
BRICERCE N

7.2 T Rt o [fen fafirs, sterg smict
S TR (T FCAR | 150, AN GG AT
(RITH! 2, O GIAIT IS AROTe SIEl & 39 TG
ORI @ (709 Al |

FCRITE Aol fFRfre wigfon a7 CG Fefm &)
7.25 R 5@ w1y o 7=l e gz | ofv aft 3w
A &F O (@ T (A0 o8 O A GF N Sary
@G CG M & | S I TarF @l AA, eI s
I | SISl i IO B @R C @7 ro! S Y (AT
I | TSI 2l T @ISR 2% 2 203 30 CG |
Q AR (@ PR GG D I | @R IO TR
@5, ©i% @ =S e wam fefme F2Ee 2@|

> THIZFel 7.8 G 4G WL (7 70 cm €38 ©F 4.00
kg | w&F @fs &AW (ATF 10 cm‘{(.‘sl"ﬂ?%{%
-4 (knife-edges) ©2iF LT A ST |
TG 6.00 kg O G AT (A0 30 cm YT JEACH
27 | FI-qRetence afsfa fdfr 371 (4= s,

WeTs AN T G2 IT0TG)
Teq :

R1 Rz
- o G £
Al . 1B
K, l ! K,

1

v

N
@ 7.26

7.26 7 50 AB (G T | FF-LI9 N SR K
@G3R K, | FCH ORGEE G @R PSRRI O e
ey

T 01, T ST W GF SRR G (@ 631 I |
ST I NIRRT G2 TG | ARG G TG0 (FCH
GRAB=70cm¥eqR AG=35cm,AP=30cm,PG=5cm,
AK =BK,=10cm @k K,G=K,G=25 cm, /=TCbe €&

= 4.00 kg €% I,= I ©IF = 6.00 kg; R, IR R, T

-4 AT 17 2fofF |
TR BTl AR ey —
R+R,~W,~W=0 ()
SR, IV, @R I BEFICS AIod W @ R € R,
THTOIE SATER e o1 I |

e ARG KI5 Sl IR QI 7 |
TINF (T G G ARGS9 G I R, 9% W, 9=
T[T AT (+ve) 9. R, T STF AR (-ve) |

efe] AR Sy

R, (K,G)+W,(PG)+R,(K,G)=0 (ii)

(AR, W'=4.00g N @R W, =6.00g N, (LI g =
SIfeFG g9 = 9.8 m/s2.

ST IR AR (i) 7R (AT AT —
R,+R,—4.00g—6.00g=0
AR, +R,=10.00g N (iif)
=98.00 N
(if) R AT (AT —0.25 R, +0.05 W, +0.25R,=0
AR, ~R,=12g N=11.76N (iv)
(iii) 7R @R (iv) W AT (ACF R, = 54.88 N,
R,=43.12N
oI K, OleTy AfSfem 55 N @3 K, 9 ety afefm
43N <

P ThIz79 7.9 20 kg SRS G0 3m 57F W2 9F 6
T (RSTITE (ZEAIC g | 7.27 R oraa wret
TR (TS Crewet (ATF 1m 10T (RTS g
TR | (AT @ (SFCe AfSTazn o1 ez
391

Teq :

D 22m

g 7.27
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2 AB, 3 m 79 | € (911 A RAYTE @R (eI (ATF
79 AC = 1 m | AACAACT T2/541w (AT BC=2,/2 m
SERF GHT 2 @9 T G SRS (D) €& W
=R (ST € (LT 2SR o7 AT £, '€ F, | (AR
ST T2, I F, (RSN SofF o717 | F, If6
TS Seiiceet Rreifers | «3ih 251 o9 afsfea v ez Sio=fs
T I9 F| T I, I F [260E e (A0 10
ToIRCeT A ANCT SNTF, oG G SSY (ST
e |

B AR Ty, To7g Sfesrd Iet9ftet e —

N-W=0 o)
g M I b
F-F =0 (i)

el AR &1, A INCHATF 6T QN9 o

22 F,—(112)W=0 (il

3,
(i) R ATFF (ATF N=196.0N

W=20g=20%x9.8N=196.0N

(ii) 7 FTNAA (ATF F,=W/442 =196.0/42 = 346N
(ii) TR AN (AF F = F, = 34.6N

F,=NF>+N?>=199.0N

F, To1i SIg e 0% o (Fol BLAR T

tana=N/F =42, a=tan™'(442) = 80° <«

7.9 ool a5 (Moment of Inertia)

32 Sl Trard SR (@, S #iffoe
e Sifod 0ol FMEAETSIE 3907 o1 KAt SaRtaa
T MR | G 2P QLT SIS G5 27 AT T
{12 | gfafeTe sraa St St 2 I8 Rt st
Q@ ATHT TEF (AT AT (7 | SCEABACE AFe] IS
Ty SR (e G351 =17 STa pRess gefeess Reavaa
AT | B, W G0 gefrae Iga ofenfen a3
AW (oITe G IR | =1 S (@, 9o =T o
ANCATE gefiase g 2fols st «sfb Feria #it2 7.19

TR ANEAC ol @S @9 T 9F (7.16 7R @
AAfIS) | O (AT 1, AT SRS G T &
@RE @, = o | FATF aifonfs
k; Z%mivi2 Z%miriza)z

@A m, 25 TN o1 | a5 aife=if ==
2T 72T YR oifoifea TS |

K = gk,. = %g(mirfwz)

QT 1 7eT TYCS YT ALY | ST @&, 0 I
TN S1el) IS | SO 0 (F 1S (sum) (ATF B
(&Is

1 n
K = Ea)z(Zmiriz)
i=1

VOGO (D) 35T G0 el AbeT (F SISl Treel
I e el 7| Tl @,

1= mr’ (734)
i=1

9 weeRlfo e
1

K=51w2 (7.35)

o SCAN (@, 2651 1, (P ([0 e 0o | @fb
@ O ANCATH YHIQo 0 OF SoF fsadiel g «fb
VOIEOR G AT |

«H{B IR (AR (5o aifozt sifieifes ifrsetia sicet
gefizretie I oif =i 7.3 597 AR AR gorel
Al |

Kzlmv2
2

QAT m = IFHH ©F 4R GF @1 v, T2 ==l
@ @5 o (93 = o AiTs gefqafeq wea)
R @RT @9 v 97 (AR Sifeq (F0a) AFTeR e
Foifafoe zafe | @it @i =% @, gfaafen cwig oot
T | 2ibeT Aeffeeita i aifos Sre S~ | g9
oifors (G(6 = o AC7ITF) Tl @ ARG @lke
QICERCCERRE SRRk GOl

SR QL 96 IR (FCG TSl G A FACO
7.34 7 AN A& A 99|

(a) 4G, R PN G M SC&q G5 Areat iR o
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s

@ @4l T @7 oy e @R @3 @ s
gacz | fRefow 2fslt wa-Csivia o (24t R =09 IR
@R Ro GfoTS 1Al | srewm, sifexifs
K =1Mv2 = lMcho2
2 2
(7.35) TR ANFHER A0 9oTell I S AR 7:Ta

Gy [ = MR*
A
I
I
I
1

)

M/2 M2

I
I
I
I
1
1

C

°® ®
< U2 U2 >
Ba 728 1 (7T G A TS GF (TT] ST e HORIT

CIPIANT 47 TCCT T TF G OF ACACE
YRR | FRIF (o ©F M.
(b) #TH, 9> T, IFCHC! 4 SAFT [ CIT 76 T©
T SAEEAN G THT S AT A= (7.28
T fo@) | =% (A0S 172 FEee 2fSlt o7 M2 | SR,
OIS TOO! FNFF (T AN

(MP2) (112) + (MI2)(1/2)?

GOIF SAEHANN G ACCT T2 77 1% ACATE
AT (ST ET Twel s

I1=MI*/4

7.1 7R GBRee sifefoe fFafirersa fifen sfom smimes,
RS =TF ACATE, Twel ST @3l e |

AR oifoTe e TG O 7 S S ARTSH
il (R, G @R oifoTe TG ©HE TeeR Al |
GFBOIF, T 5ifoTe ane SFHHFF (@@ I AR A
Toel @, gefalfon sifiqsars A o | 9T G
gl Trgeld AR RETa o a1 @ 0w @b ==
AT @0 TR @RI g9 [ =il o (A0S
fafen oy <00 | T9R o Aol Tee! IR 4B 77
g «ft el I ACATE Yol SCHT PRI @32 [ yion

wi<ie @ft ST SN2 (orientation) ©F T fNog T |
AT G0 TAR RO, @I @3 geffarsie yoaga
T Yofq o ACHATH AT, SR @F Tg 25E
(parameter) ‘G [N @ SeiEe Fhce AfF |«
GTO! FNF GI% TG (6 ©F A~AfES |

7.1 7R (6 o7 a0 @l AR (@, A9 G S
BTTe A 1 = Mk, @A k 21 (i0da Sial | @16 q0ea

Ty, @F STRYTe ST O ACICE 2 = 17/12 Wl

k = L/~\/12 1 95290, @i Feiai foras ae) 931 i
ACATE k= R/2 | k {6 21 IGF 43R 9 o STa
Tififes o | @i paifer PIE A0 | (P @B o
ATATE GBI SFoIod FIALTH SR o 931
@ ITHT TG o1 Y RO @IS T (@0 A,
@I SR ©F e TF SR Ao GR SRS
TS JINCH AN |

G, G THIEH ST TS TGO ©F, WFhe,
S, Gl S AT ST 5+ IR ooy ot fwpioq
8 SRS T fSq B |

(7.34) TR ANFACH (T AL (TS St P fars
AT @, Tl N TG ML2 @R @ SI G55 kg m? |

T 7 Troel wAfawiel fReTa 432 gl aif
@2 [ 7o G RO 2j7g )l A2ifEs 2ol =it | TerE
G IB1ST Bl 32 SIBITIIEE 3 2iwfs, @ojren gefq
(S 7T I, TUF GF0 T To©] T T [TF
2A[TF, G 5oT% 51 (flywheel) I | S SOt FINHT
IR 578 IS At aifeq 2ol I 31 210 Attt 07T |
@t oifSTe T AT S (7 @R AP
IS CHIY 0 | AT 0 S QA G0 970l ST
fifese 07|

7.10 TFT GIR AN AT S M2 SN (Theorems

of perpendicular and parallel axes)

TTO! G TS G ATAGIT G A2V ST | Sl
AT TFT ST GoI9A G STl 799 @ 3% g
e =gl I T[T Tuel gwe ot 77w @
faoelef eitatet o129 |
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srafel 7.1 S o Ao fog fafire sigfen agmres wwet @ms

<« o

3 (Thin) ISR
e, g R

Y e
e, aPnd R

TETe ST 2A $9IW (Theorem of perpendicular axes)

(@ ] I ATSTTF (planar) SIHE (FCE ST
grarey | A G AR @, Goi#mf #915 (flat) TS
ATIIST 2T, G (4 ST (@, ey, 292! Al

/7

FENE) TEIT Y (R 7.29 R Fora SAsiwf Hfge
2R | RS 2e (it Aofers aga (sirest #iites)
oTE SRS ATE T Go SCHA ACATE & TG
TES! ANCFA T, & SFFECHA (AN 43R IFA
TR T SCHA ACATF IPOF GO QCFA F3(+ |
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s

- N

=V

5@ 7.29 SVl IWE 7T GF FACZF TN
BNy ; ©eTx Gy o o5 o 9 2 ST

eI g ToF T

fora «3fb fawifes a9 Tl 20z | IBHT 9
R O oM T 25 RO (e 2 | TG ©E
SRR 72 7 Yo ST 3R -7 iy wigfie O g
A0 QI | G x @R y-9T% RO (=731 200% | St
e 3 @,

I=1+1, (7.36)

541, GFTo CAIRACIR AT S 8 2| 2myiow
ATl (147 |

P Trzgel 7.10 S [OTE (FIFT) TR (&- (R
GG ACHATH STTO] ANS | 2 ?

Nz

Bag7.30 GG s1EST 9 T ATATT TGO ANE

257 GF (AN TTH ACATF GO I

Tag SRl 4, 93 oiefen Tok 5T @R @ FmAT
OB SFF ANCATT o] ANE Sl SR G O 5T MR?2,
@ M 25 BIFed ©F G ¢ Pnd R (A 7.1) |

SIS G AT (planar) 39 20T RTamal
A (0O HIE | SO, 75 SRS ST 0o 2itares
203 17.30 % Fora (@ (raItel =N, BIsfoba &% O 5ifst
oaf AT O x, y @R 2 MF TR, @A x 3R y- o
BIF(oF ST 3% 2 - S & SR ST o1 | o717 ST
TR AR

=1 +1,

@Y, x 3R y STl BIFTOIoR 0 U IR @3
2AfSHTR AR SIFeod Toe! FNFO G [@- !
I FNCATT @2 |

Rale=P 1=I

UER =21

g 1=MR2
BICHIS 1.=1/2=MR/4

GBOIE, @@ I ACATF 43 5IFfoq ool
IINE MRY4 . <4
GBI, G R GF (- I A ACHATF Soet
IS e 91 @2 Topeiim 5 @ =0 wive owea
ey Q2

@ 7.31  FACANT I TN | z 97z STFACE
2T i TG S5 G 97 AT a FACGH

JRHICA GIC”; IHOI CHFL 0; 00' = a.



BRI e RUSRSIEIORIO

167

7.10.1 TGRS 0% I(2F ©21217 (Theorem of parallel
axes)

G2 THAMT (@ (@I SR TS A | 92 THAAWH
A GG TG AL GH(G TN ST ACATT
TGO Ve oSl FNCH AR TFOH @ (FICA ST
ANCHATT TS T e AR FC | S ¥y Sotoimfs
e 99 93 97 (I 2ol =7 T | T @I, Sl
FEPH A (g @f 2T F99 GR Q9JTEIR SAAMH
TSl M SR 0T AT R | SAR O
qeiE e S @S 2t —

@ (I =FF ACATT (I TFF To©! A, TFH
TACTHAN, & SCFA AT AN TF ACATT Toe! QIeG
¢ YA TF R @ YT TAGA SACHA NLIS TATH
o7 elrTeTa A A | 7.31 7 Bra (@eita @i
TR 7 93 7' G6 TG OFF 2F2[ (AF a TA0Y
AT BT | - TG TFod SAcTw O Kol |

G SRR SR S
L=1+Ma (7.37)

QU [ @R [, AR z G3R 27 - OFF ACATE IGIoa
Goel AT | IFOT GG ©F M QIR AN SFF B0
RGO R TR

P TrizFa 7,11 S0 ACT ST M, (5 [, 99 GAE T
G5 oTF OFF AATT AT Troe! I oo 1 2

Ted . M ORE G | (CHR ARG [ = MP/12 | 16T
ST LA T IR T 7R —
‘= [+ Ma® SR ATACH q=1/2 AT AR
I’:M£+M(£)2 M
12 2 3
@RS [, 2M SR G3% 21 (ATHa @36 A0ed T
ATATT TTO! JINCH TS, SN Foged At 21w

E AT Alfd —
2 2
oo A LM
122 3

> TrzFel 7.12 a1 R @ TeRE AT b Twe!
N el et |

Teq :
e o i qa Rl a7 @I 9 VR TS |

@2 il T SCHA N G R @3 {207 i |

foq7.32
G SRR T4 T2 I o2 —

MR? 3

I=nfs = Iqgm+ MR*=

+ MR’== MR?.
2

711 @6 Fer o= Aers gofaafen 3fe faem

(Kinematics of Rotational Motion about a fixed
axis)

PECRISIER S ERICE R IR L SEEERSEIREI BRI B IS
frtafe | Swizge T 5ot 2ifeq e @l v 93 STt gofd
TS (FAF (@9 0 G NI (3 | S G AT
S 2PN FACS BiB | GG SR SNCABICS %4
f=ig =P ATHTH Yofaa CFras SR A4 | @ G0
fS7 Cwia FIRwoIT M@l @61 936 welie 1St 3=
T (96T G FoF bel (variable) ARG | @b @RF
o= gel | 92 ol %jy e et (kinematics)
Hiaw | el Rreftel wts@t sl e siitetvel 7= |
SR e D (@, AT TGS (I I
TTa) FACO TFYOA P T O (@A G0 FCF (7.33 7
fow) el | 3w ot @3 @FIfas el 6 @3 e
oA (el 79 8 91 P IR 9ifos O 0 (F @I i
SR (T #If151 21 2, I S x ~SCH HAAEAET
x " TR0 403 (717 | 5 7.33 (@ (WD, 2 — o7 26
el o7 3R FABF 9ifeq o1l x - y 17.33 7 o wiie

TRICOR @, ¢ = 0 = (6w 77l 6, |
SR SRE T T @, (AT (@9l 2o AN
ACATH (IS T RIS 29, 0 = dO/dr | @2
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RIS

gl Fra, @@ @ o397 ReE REsaa @it
AT (2 | SEFg, @FI9F 9, o = do/dr.

IS aifers 73 Reais soifFe ey @, s
T (0), (@I @ () (FIIT G0 (o) 9F Sl E@RF
ST M 25 79 (x), @91 (v) 93 TR () | SR
G, 373w (wiefle 47%) =l e @l aifew sjfs Reaim
ToifFe TR T —

L=V tat (a)
L >

x=x0+vot+5at (b)

V2= vg +2ax (c)

@A x, = AR(GF 7 L= AT (@9 GR AT
*5 £ = 0 (© AT AP o T |

T (FIfAF gaertz 3 5ifox Ty St 97 Rea
ToAfFS TR 25T

0=, +ot (7.38)
9:90+w0t+%at2 (7.39)
R 0 =0, +20(0-6,) (7.40)

@, 0= g agon s @ ifde e @)
o, = TGO LREF Ffelp @ |

fo@ 733 9 75 IF ([P SR SCaT<eae |

P Trrzgl 7.13 2125 7 (A 7.38 7R AN el
ANe IR(2

Teq ;s gelfs 93w, Sred

dw

PP S 0
w:Iadt+c
=t + c (AR o §&F)

V1 =0, o= o, (ST AMTR)

(i) TR AT S 218 1 = 0T w0 =c = o,

dolE, 0 = ot + o, [STST]

o = do/dr IR T 7.38 TR AT AT
I 7.39 R AN #4171 @t el Fa00 @< 7.40 7
R T S SgRleTell RO @0 Ol 247 |

> Srizaa 7.14 @ 53 2204 (SIS Bf© 16 sec
€ 1200 rpm (ATF 3120 rpm @ IATICT 267 | (i) 9=
T 40 W @7 @ w7 e s (i) @2
TS W G T© TR FTE A= e 2

Teq -
@) Ww=wo+at7f‘°9{?ﬁ%WW|
0, = Wﬁlﬂ?ﬁlﬁ%, rad/s QFCH
= 27 x (FNF GS rev/s 4

2T X Ffeghs, rev/ min <
60 s/min
27 %1200 ;

60
=407 rad/s

GFTOIE, o = FOIT (95 I rad/s

2w %3120

-7 60
=2nrx52rad/s
=104 mrad/s

ad/s

ad/s

ISR LR

w—,
o=——"2 =4 1 rad/s?
t
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3fewoa Ffas 9 = 41 rad/s?
(ii) ¢ TG (FIP FICH T T —

1
0=aw,t+—at’
2

1
= (407r><16+§><47r><162) rad

= (640 +512m) rad
=1152n rad

11527

IS A = =576 <

712 @3 R o ACATS wqeifen sifefam
(Dynamics of Rotational motion about a fixed
axis)

7.2 7 IS wifersige fI9)tetl 251 i sife
FifFe @R Yo aifere g SEge AfReE | s
LI 721 917 3jfe Reeie e Feafz | Sl wiee
@i @, @RFHIOTe o7 R I @2 ghi «Alee I
g sifsre Toel ams @3k 5ra @i g | GRice
TCARS S AT SIEl Sl FCe A1 |
Trizgermet SwEl wifel (@i aifere o s w4l
2 F dx T @3z 9f6 =i o Aeoies gofq sifore «f
A £dg . P AT INAE dx —> dO IR F - 7
PTG et Sife | A @I, R aifeRieTeld
RGN @1 ARG ooyt 2fefre | « R et
G FCEAPATS F4 |

g T S0 S G e S AT
Yol 2ifSe (F0a Tgo GG AT o7 T4 | (AP
(D R, (961 GLF SoNIRPTR, @ATAIR Sifeyd oy
S IR, SAEIE ST Q9teT Reasa et
ATANGH | (T I GAIHITIZ TG S AT G
I 2T I | 507 «f5 Sotiex, @fb gofey wrray s1rent
T, SFEFILCE G SR (AT AR 2SI AT | A=A
ARG 4T (4 @, G 77 ToAiR™ (AAfE) [z
ASRF 20 FACS YTASAR SRR o1 (A GET
2 Ao Tt FrE sEfl Iei At | oo,
THEMRA SAHAIE RO A7 awiew 2 | afb
I @, G FHIFT T2 ST oI &

(1) ST (T (T2 IET9ENNRS, [[CIGIE SAe] TS
YT ST A0 77 G O SRS | (X Ie19C3I
ST AT AT GI9]TA SCH A| 57 GIZ
(T 3R Q9T RRETCE (R AR (2 |

2) ST %Y SR (ST RS (12714 THA1e¥] FRCS
RTaow 21 Th© @9TeN S ACw| &7 | SRR
(OTTTCA O AR ST ARNTIE SCFa
AT T TAIRPTZ @R 9IS RO @
AR (A2 |

ﬂﬁWWW(Work done by a torque)
Ua

C X

5@ 734 <G> [RIT S5 AT FTRRIT TG 970 0T
TR RN A5 T, AR O ; PG
TR ORI C (3 (e T 5 J@AIF 12 Jefefl
P; DI P P’ (ds, ) FENoFT ) feigiodl |

7.34 % 5@t @ g =mF AT gofims «s oy
I SRS (IR, @ z-97% REa @73 TR
(FolCeR ST THAF o7R; 7.33 7 o o) | Tolta el
O SR, SCH 0! oTF O SRS I (e
R a1 B | 1, 711 7+t G7ew 5% 39 F, 397
GG el oA P, e foiiet =g @ el oiesea
] TTF G GBS SRS | R Sy S| A
x "y 6 ToT (92 ST ST A0 A0 | ST
T C & @ 0 P, Reqre 1S - ymiicda oo geia
TR e 0, CP =r,

AT NG P, SRERICH AT | G 71 s, STodd
G W ds, = r,d0 G 97 WSy Ao Faidl #2fba
P, AT e TR7 | G4t A1 (i e do =
ZP,CP; . 367 o 3910 @il g

dW, =F, ds="Fds, cos¢=F,(r,d0)sinc,
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(541 7.2 5o 3R SSsIfoT erel
1 F¥ex e =9 0
2 @lv=dv/de @FIfF 39 © = dordr
3 @ a=dv/de @I 920 o = dw/dr
4 ©TIM TGS FINE |
5 ITF=Ma Fr=/a
6 FdW=Fds IEW=1do
7 afe=fg K =Mm22 aif i, K = Iw?/2
8 FN9,P=FVv Fol, P= 1t
9 @RSSAERAp=MV @I SRC@9 L = [

QT ¢, 2 F, &3 P, Rre ~»p{sa Tl (el @31
F, @ M4 (837 OP, G0 (il o5 ¢, + o, = 90°.

IR ACATE F, 99 & 5% OP, x F, | 924 OP, =
OC + CP, (7.17(b) % fo@ (12) @T2Y OC & o= S
TR G (AT TRAT TS SN [Iba izea il
2e | F, &7 &) IS0 5% 1= CP, x F; afb 9o o
ey G2 GF G0 W WR 7,= 7, F, sino, SO,

aw, = 7,do

T IGHT ol gifes F= 1 0 o ) FH
LT T O (Mol F0F TG0 Toig (i Foid ofteat
A | KT T & @i TEmEd 66T 7, 1,
agfs ar Biere wace

dW = (1, +7,+...)d6O

T SR, I @I S G [ifew g S
521 07 59 (F10 3191 dO 77 F90F T2 T | ({02
] GRS R STEbE e Rt 411 20 oig
@G 5F 7 T W TR 5 TR eaifafioss TG wefis

OGS W = 7d@ (7.41)

G TR (T R ST et agoa SoF
A @IS (AIf2r) 5F « 7| Foia AifEsE ohewt
T | 502 ARF bor aifox T Faliaael

dWw=Fds

G RUERAURIOAS (=3

7,417 ANFAET T A5F0F dr @1 Sl 0 2 —

dw de
P=—=7T—=170
dr dr
or P=10 (742)

@b 2o Sl Fol | qFf =T o AT
G ANT (LG IO G2 ANFAIS (AP sifos Fa
IO AT P = FL G o] ol I |

@5 3779)¢( G IS (I Srered oifs (73 10,
3127 TR TR (PICI SI9/53 77 11 @3 «aft 75w
s 3 0 | T BT @ 2T I T~ =3 0
7.42 TR AN (R TRR | @ B aAfoxife I 2oz
OIE ANFACR S te 203 | aifoxifs I 2 2=

d(Ie® _ 2w do
dtl 2 ) 2 dt

Sl qea At @, AT AT ol AACE
e =7 1 | @t R @, TGO o= ARTe =@ 4,
TG0 75 AT R TG ACATE G TH0'S G ST
AfFew S A1 |

@Y o =de/ds, SIE 2R

d (Iw?
— =loa
dt\ 2

T T @R sifoxifen I TR 2
T —
w=loo
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A, =1 (743)

7.43 T AN (AR 91fox Gy FWCHeRT R Ifoas
e R T AN AR F = ma RO 20 1 27|

& @ @ S w0 05 coufy 5F «3:fh agre
e g7et 3% 03| Fifos el 2ge 5w e
Ao G2 TEHT GToe! AN A THGANSS |
7.43 TR AN iz ST AIToT el 91fSq ooy fehea
TS 3q TET @TO 2T |

P Sriza 7.15 e wEe @< S, @l TR
22T AT BIFMTE SoICal 2o | 3251109 ©F 20 kg
@R A 20 cm | 25 N NG G0 TN G
WGbTe 2AT9 21 26T, 0! 7.359 Brg (ritez |
F2-3300 @3 S Srwg ret T
TR eI 29 |

(a) 2T @I get Fefar 211

(b) BIF Bl FORIEA oifwist 7, T4 7o
2m SrOItl A CTST |

(0) @3 fmre 33eiie sifenif @ faefy et |«
s, 22e FRARPRI (ATF Tia! 7 IRl |

(d) (b) ¥ G (c) ST TG Wl A |

Teq :
M=20kg
R=20cm
v F=25N
@ 7.35
(a) SR IRWEIIR [ =71
5% T=FR

=25x%0.20 Nm (&R R =0.20m)
=5.0Nm

2

o MR
1 = F ACACT 320619 Sroo] QNG = >

_20.0x(0.2)°
- 2
a = FfF g
=5.0Nm/0.4kgm?>=12.5s7
(b) WIGHT 2m T 21T T FACS B 7 FORIT

=0.4 kg m?

=25NX2m=50J
() 4T, FOE (&P @ = o
oftfs afeafe = 10,

@Y 320 PRI (AT 9 W7 FCafRe 99w
® =0, +208, ©,=0

I e 0 = T T[T weq /220 P
=2m/0.2 m=10rad

> =2x12.5x10.0 = 250 (rad /s)?

- SIfEe ﬁ%ﬁ%:%xo.wzso:sm
(d) TERIEIR 93 TLie 336 T Bifere sifelfE = AT
A O | TR &) e (A SR A |«

713 @3 Bua omF AATE 9fte owra @fow

©qC4% (Angular Momentum in case of Rotation
about a Fixed Axis)

7.7 9 STl SIS Fell AR (FfoF S5 0 e
FEMR | G (T SRl RS T @, @ g ATeies
I AR AL ANCATT (G (O SR ARG
219, G358 7 T (T AR (G 125 5T T |
T4 (G AT 5F *[+7 27, AR @6 S9! Acafws
AT |

SR e G R S AT eftg e v
I Szt o sgEs Face 512 | Rifba @it Fifas
SRR AT TP 26 —

L=) nxp, (7.25b)
eI 7o (@ T G T (T SAEE
SIS A TG AL A 599 | AN TGO L AN
e SIS WY 2T FEAYTEIR (FIP SR AN (71 |

TIF G ARG G [ = r x p. & SR St
@w ez r = OP = OC + CP [7.17(b) =& 59 ].
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s

R p=myv,
I1=(0Cxmv)+(CPxmvV)

P SRICA SR (RS (@9 v @ WF v = or |, @A
r, T CP @7 0y Al gefq oF (A P 9F ¥ @9 |
Wiy, N ¢ AT (A1 3fde) geba p
SR (S G (@9 v | TIES oz 9217 0T
AT T @A (@S AT (@, CP x v Z& g orwfoa
ST | =T SH (0 ( 2-r% RO (F311) ITRT 95
(ST, . 97T,

CPxmv=r (mv)lz
= mriok (AR v=o0r),)

GBS, SIS ABTE FE (7400 2 @&, OC x v &
i ST Gl o1 | b, Sl o= o (Sl 2- oriD)
IR 1 93 oS 1wl fofere 37, wie

[, =CPxmv = mrfa)lz
QR =1, +0Cxmv

SIS 57 SN (@, [ P SR ANl [ 1
T | ANNFASICI G0 el Sy (N ST gl I
T Sl GF0 T T 1 GR o ARSI FAEIET
T | eyl 92 A beT SifOre «F gl 9 | G el
T p 3R v I ST AN |

el GEAGIOA (NG (FIeF SHC9 AT Sy, SISl
TGO TSI T (FAF SHEAF @19l I 71 |

«ely, L=)1=)1,+) OC xmyv,

L 93 TS JAF z-S0F o9 IR/TL
3R z- IFF AT L, 7l fofers 91|

L, =) OC, x myv, (7.44a)
QI m, @R v, IAFC  -O FAF S G (9] 928 911
@ F AR 0 ©OF (% C. ;

.  L.=)1 =(Z mirwalz

A L= ek (7.44)

T A9 (I ([, AR O (ACF i-OF IR
Y IR 7, G IRGIPAE G ACHATH IGoa ol
e, I1=) mr? .

FHFFE, L=L, +L, (7.44c)
VORGP, AR SIS @ ST iTo [Reasa

fafe @ojten goff Aes afoom wieie gt g
AT SRR S0 G5 | @ R0 AT, e @3
OC, g &, v, (9 7R 2T Tl o) G5B Foll W
T (@9 —v, G PN C, (F (% T (@ e AR T
G T I AT SRR S0 | @ R0 ol
AT TRy L, = 0 @3 Afows Iiees Feragsl
L, =0%o9

L=L,=/wk (7:44d)

Yo AT oo™ T G I A & L, L,
G I T 3R L el IR SR Al

oSl 5 2e10e A 7.1 7 GRET (@I CFa9we L
=L ey I A1?

5o SIS 7.44beR ANSHOCE O[T I | ARG
2 G =7 (47F) (0T, SRl 211E —

d d A

E(LZ):(E(Iw))k

@, 7.28b 72 A Ko I @,

dL

o T

TR SRR Sl (e @, 74 Sl R o
AT Tl T A 399, O3 (@9 S 537
ol FQIRT SAIRHYTECS RO 1 &S | 451 A

A ¢ = ¢4 @ W i @@y L=L_ + L,
GR LTSy ((239 ¢ ) 7T, O @721 AW @, 9(6

Ri7 S ATATE gofTa1a &g
dL.. —Tk 7.45
TR (7.45a)
dL
@R —==0 (7.45b)

dr
GeITR, PR ST ATATE o Sy, S 0! o9
(FIfNE ST T 4765 | (RY L =10k 5 (7.452)
TR AP (AT SNl AR —

—(lw)=7

i (7.45¢)
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T STl GINF 1, AN e S 7l 27 o

i(Ico)zld—wzla
dr dr
@R 7.45¢ TR AN (ATF Al —
7=]o (743)
S IS PR oI 2t @ ARG 2tfeDd

FER|

7.13.1 (ST S04 AL (Conservation of angular

momentum)

SR Qe FRE ST AT 9o 20 (F9S SAE@0R
ke NS 7T 2SN F99 | 7.45¢ R TN
(T, 3 AAfETF 5F #7527, ©a

L =lo=43% (7.46)

ARSI TG &5, 7.44d 7R TN (A0S L (LRI
Aferfe T @O AT | (L 9% L, IAFCN L G L, 49
3(1eT)

@f5 2o BT OI0F (T & 7.29a 7R FANFAER
ARG 7 G2 T TR (FIE SRR AT
FNIE IACF A R | 7.46 71 AN, 22T QIR
ol (PR RfoT SRR T 23, EI9ETe AEe)
[ | (ONIF IYA e vfve «Frwi T (TS A
O @3 {5 el sray (G 397 | (O QSYTENE SIS
@GR A T Srefie il i 1 503 397 | CorTTR IR

(P G TR Ef | D GeTerse]
(BRI G (N TC7 IR G @I 8@ 7e
RUIBR/ *JC3F IR 2O 7T [Vez SPTR |

@ 7.36 @)

& GRRGE gorifers g=ite | GaR 799 9 [Reafbe
@i gfete Y@ o2 (SN 7 TrerE SIgoie Sid
RO wie | F THR? (SN &ifoF gfe I (o | I
oS 2re 7b! *[w Stz W =i, (@Fifos gfs s
etz | @t g @b SR @I (@IS SARCNR
sl e aitarey | 3 gl 2ifFifbes v Soarw
T2 77, ARG g AT @ IS 5F 1 A
O [ 43T | TS BT ATE T ANTHTF 1 @0 AT
TETFI (N GO 0 FCH T | ZOCF * RN FICZ SN
AT 2B W05 |

TG AP SCFRIG 43R IF6 T @2 e
AR (T | ORT, (RO @R FRE, SR A
APbTey R G 2T G SNgeet e T 9 Sifox
T ol TS AV I | OfF F A1 FACS A2

7.14 sfetavent %S (Rolling Motion)

Arerfes ST (4l 332 AR A SR &g 9o
22 SIS e oIS | AR 7% 9K 320ERe 93 oM
Stz | TS FaceR o siEt a3 &% (51fe) frr =g
T [ 97 TR 2T 91 203 79 O SIS berl
@ @ IGCe | SR AT (] @, =G T formeet 1y
STICHZ | @ (AT I TR (@, IR (@ (A 20 Gxioa
R GE R (A (e A G E AL RG]

GFGH SNCFING (PP CACICINT T
& 2RI OIF P! (FRITE |

54 7.36 (b)
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s

{32 SR ) FCAREN (F, M bel 2ot gefeaifs
G BETe S QIR | S Sife (@, SN bere sife
T GF SRS IS |

TS AT OLeT Gl TG ST (1 or=een)
5eT) | &% FCA1, (F (I Y30 [CHOF
o P, RIF | SR o eaedio v, fere
5 | fCHhT % ¢ 935 (FFTAE T*
ATHATTF [CHI6 o (PIIF (@9 JIC; v,
=Ro, (IY/IT7 R TR [CHGT T4 |

41, SAEOA (@9l v, S0l Gt TG berel sifes
@9l | @y I Twha saew o3 wififss @@ C
(@ wPRe (7.37 7 o), oe9qq C ug @i e v, 14
e 2JTo el | fTwha gefaaife ¢ Rmpairsh efsom
CH ANCACE 2 | GOl (@ (Il [9ee @ = P, P, <l
P, ¢ To= b (@ror i oiel, 9 sl berel (91 v, @R
1 & i &) @RE @9l v | v ARGy = ro,
AT 0 Z6T S0 ACATH [TH oA IlCTa (F10F @9 @3
o (A0S (SR C () Rba &g r1 @ v, 2@ C
T2 ACATT awve [Ribg P (3T &7 wfoyd |
7.37 % Tota, P, Re{ox (3951 v, @3 G THIHISTE v @]
v, (T (G RCACR | GRIC v, CP, &3 0] 577 | <51
A 72& (@ v, PP, (I ofx o7 | Sodq, P,
RS @R @ 9F AN @HE efra wlwlie
T 0 |

P e geftaa & G @l v, boi @9l v . @]
13 Roifie Sfoy R | g, 94t v a6 Roo, AT
Tafow g R | wiewfielm, P, Rt e zeam
ARG G 25 v = Ro | 91T, T 7l formret sife
PRIERCRIR S|

Von = Ro (747)

e, afb IR @, TR A wwf=re P, e
@ v, EAFT v+ Ro A2 v, 43R 96 e 7t
G WY | 7.47 7R FAFACH @771 #1677 aifSrw
el (eI LS AT |

7.14.1 9feta vat 9ifea 9ifexIf$ (Kinetic Energy of Rolling
Motion )

SN ATST F1er O SIGTH berl (o) T
sifexifea GG Tl el <0211 | SIS venre aifeifecs
- beT ool @3k gefte o= Rt 7jois Fat T
@ft GG o0l AR AN TP G [T =g
@R (T2 SPACT G Fell AT AfexFHT (K),
SARPHF AT (5619) Sy AT (MV2/2) @3R Tl
RN SAEH ACATH I aifoq oy sifexif k7 ReT@
2T T @O ITH | wgfie

K=K+ MV?/2

@i SRl AL Feree ReTd o e a1
SIFCT bel oifex CFea @91 AT 9 | A betl Igioe
A Ao wefie bereaa et m2 /2, @
TGYOT @ m GRS @Rl v 1SRN R, ST
HATHAT SIS benl T oifofb 2o g9 @3k gofterar sifemifts
K’ 08 QR 2T, O@ K =Iw?/2 , @A TR oF
ANCHATE Soel AT 1 9% @i ST betl agoa ey
o | Srou, SIS betl I SIfeHfets @vd aw —

K= % In? +%mu§m (7.49a)

1= mk* IFTC, @A &k = IYH 5sifoq IpIE @)
v.=R o, ST AE

1 mk*2, 1,
T2 R g

(7.48)

(7.49b)
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7.49b 7R ARG (@ I G bal TG @ [T,
re, R Al (AT (F0q AT |

> Triegd 7,76 : foql a5 — @ R, @36 et
B8 IR GF RS (I G2 Toos IR I
foiRtet SifTa IR | @3t PRI (At @l =g
AR | TGO TP oo | (e TGO A
@ e o a2

Tex - «f3, oifr vetl agfbwr =i vicafire wefie w2l Tegifna
Gy *If (] 957 200 1 | Towe IR AT W
ce IFa FRISRT (= mgh) @ g, ©f =3 wifers
s aIe (fha =k 7.38 (74 | T2y I oo o=l
(T QI 4T A O wfers oo awioa pors aifexifes

1 k2
A | 7.49b W AAFF (ATF K=5mv2[]+Fj’

RN, v = TG0 (SAABR) PO (91 | K G mgh G
sl (R 2iE —

Fig.7.38

1, k*
mgh=—mv”| 1+—
=5 ( sz

v = 2gh
a 1+k*/R?
o 1 @, @ YA venl agioa ox Mz
@3 R @7 &, k2 = R

2
vrin = ih
NI+

G fNC6 oITed &=, &2 = RY/2

o = 2gh
WA 1+1/2
_ /ﬂ

- 3

G T (NTa &, k2 = 2R%/5

2gh
1+2/5

sphere —

10gh
N 7
2 TEATE (AT G ARFT @, Tooag (e
oa1fb IGF T TR SAEEHF (@91 A @3 fa
OF SAFEO (@9 AT |
40 e, IO AN | TO 63 (NCTH

(TTere @i IBHT oIS a1 7w 20 ? <

e

1. @3 v 45 3G T GG T FAYENR BT 2ATT I A CGE FANYTENT Sl H0ed
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422 x 10°m , (7418 (X JZIS 2T2d ©F I O | T& SI0R 1o |

T, ST THG2|Tg 2 @ G &R 2.5 x 101 %9 W7 | €3 THITET @FH (ATF 50

AR LA SRS G THA €3 (T ATATT o)l SNTEa &y T I A9 2 07 G,

QRIAGT 0T 2 105 AT |

ﬁ@ﬁ?@ﬂ% RERE

(a) T SHICH PRI 2 1 27, O TRSTRe Solated (i =i, T aifexifs/Fafoxfea
A< 2T

(b) @6 S Ty #ffaSa st s 4t Ffaw Tz A wfeads cwiag aiz@
TS (oIt eaieee «f§ a2 Sweor «3fs Fw I sjfiSw sfewde (Fiaq A1 SAoITS
TG =TT G @I/ 20 |

AR ZCe @I ITT IR GRS (a) TTTSF, (b) ITHTF (@ SRR (T (01 521 27, € SR

T3, () ST SGATAT T91F, (d) ([ SRR (ATF ST 1 7T, 63 SRRINTT THOF ToF

feazmdie

G I YR BT 93 SoEIFIT FHT AT | LIFQI0F 7 433 2 ? (a) TARF LS, (b)

I fS, (c) (F1RF @051 (d) AT, (e) PRI, () TIT T @31 (15 #IfE 2 7 Frmiife

TR YPYHF SEF FICA ARFIE Sropway |

TR TCSHHATR (e G251 AT I 2 (a) 21 FCE TSN (b) ATSGH FTET TS (¢) AR

(d) RitS sfsTrE e 75em |

e 751 SR AfdS Tealt @@ IR | TN ©F I0eH IF6 IR (RIEHT (@

TR AR ST (@ O o 2= fritae =7 et 2e1 (f5a 8.12 GTal) (i) a, (i) b, (iii) ¢, (iv) 0.

foa s.12
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202 CGRIEL)

811 AT T @6 (FrRIA 9 P (S T2 AR Sfey (@ O oz al e 2ot 2
(i) d, (ii) e, (iii) £, (iv) g.

812 S|fRS (AT A e @3 A6 =0 20 | JfRTT (% (AT T TH0G AF60A ST TSI
R 6T %7 T(A 2 (ST SN, T[T ©F = 2x10° kg, AT ©F = 6x10% kg ST 2027 o
TN | (FRT PN = 1.5% 10" m) |

8.13  ICda o7 ofil et fffaet 7903 2 5 5t o}fiSa F9oI0 5fe IPIE 1.5 x 10° km |

8.14 A IR =i 2teq GFIR 5fef SRS Ty (@ 22, ©f 9JfRS AT 29.5 9t 177 5
(AT AT G 1.50 x 108 km T, OTI I (ATF *Ifea 73g F0 2

8.15 R @3 IT @S 63 N | 2K (ATF 9T PN SES THoi, 63 307 ToF off e
SCHR I T 2 ?

8.16 AT @3 7AW qCeR =G (olieTs Reaven 71 20w, Ao @ 397 9ew 250 N, A7
SRR ST I TS T €2 TG0 6T T 7

817 @3 I=oE AP (AF  TEFOIW@ 5 km s @0 @ 20 SR (AT T
Tl #¥T A0 Toa? AT ©T = 6.0 x 10* kg; 7T AT AL = 6.4 x 10° m;
G =667 x 10" N m*kg?|

8.18  sjfRAoR 200 G AT IRHS 11.2km s |95 I €2 gfox Fomeyel gfore Sermst 31 20,
AR (AT S 703 IO G T 203 2 3 8 Sy A0EF SRS Srorw e |

819 35 Tolerz sJfAFe® (ATF 400 km THOIF AT SIS I | @2 ToA2rE #ffidw e
AT (AT T FACO I Ao} (T2 eitare 203 2 Tolezba©a =200 kg, T =6.0x10 kg;
AfRFTAPNL = 6.4 x 10°m; G=6.67 x 10" N m*kg 2.

820 W6 TG AR ATSIHA O 7 ST AT (= 2x10% kg) , A AT s 41fe 200z oAy
FRYCIT T | T4 A S GG 10° km {261 O qoed aifstaet Srorma feet | § @t @3
AT A0 FRACH 1% 20 2 AT ThCaa 7P 104 km , 4T TS FRGCHI SNCH AL TG
@It RFfo 706 [ 1 (G 97 &=l S 572 )

821 100 kg ST 3R 0.10 m IR 46 ©ifF (oM1eTe 95(6 Srye & R o017 (AF 1.0 m 0Y
SICZ | 0B CAIETIRS (AN AL FRECERIT NGRS NRIFT Fe1 @ NRFAT e ez et |
63 Rre SRS (b I [ AT AR 2 T ©2 27 7 92 AR F 7= 71 g

ggfene
e Srter

822 3 SOICH O (SR, G5 GITIETT i Tolaz 7)Y (AT @A 36,000 km THHO 7R
SifRfics SIde 07 | Toiefba €3 Twor oS Sfeas Red o2 (403 e sHi #fAdw
e FIfE=E =) | AT ©F = 6.0x10% kg, AT = 6400 km.

823 b THGH O IR 2.5 el | FFHS 20 ISP 12 km ZHER 1.2 rev.s ' GROTS S
I | (QLRCA SIS WKSI}TB\'J WWWW | W@(pulsars)@f@?%ﬁﬁ%w
TG G GA0R T |) R S1gtet @ Igee R T, 9ft [ 63 ot T2iiiw 2ol St
QIPCA 2 (RGN ST T[T O = 2x10% k) |

824 WO AR GIFOH TP TW RIAT T 20 | GTAGEIR (AT €2 T T0CF I FAC0 [
sifaael =Ifee 2T 2@ ? @SR Wtz TR 0T S = 1000 ke; T ©F = 2x10°% kg; Tl
029 ©F = 6.4x 10 kg; W& STZF TINE = 3395 km; T T2 FHACAT TP = 2.28 x10° km;
G =6.67x10""N m* kg 2.

825 @I TCFOLT THTAT ¥ (AT THIONA 2 km s GO BTHo Ta1 2Cal | AW AATema
IAGTER JGe FAC TFY 607 AT AT 20% 76 20 I O A6 67
SR SF 2@ FO6I THO A2 THITHAT ©F = 6.4x10% kg; NAE IPNE = 3395 km;
G = 6.67x10"" N m’kg.
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Launch Date Launch Vehicle Application










OIS G4 #F® 209 5 RO Flast Tolerar e mreem & 2 (o SRR oM LIS TRIFH (% (ATF CLTF IR |
(1 26, 1999 (02); STCBIRF 22, 2001 (02); S 10,2007 (02); @2 23,2007 (01); SR 21, 2008 (01); GTTHR 09, 2012 (02);
R 25, 2013 (06); T 30, 2014 (05); TEN2 10, 2015 (05); (TCZHFA 28, 2015 (06); FCTTF 16, 2015 (06); T 22, 2016 (27);
GTC?B 09, 2016 (05); IR 15, 2017 (101) €% 221 @3 8t @RS | T 23, 2017 (2915) Tolaiz Bermwaia T4l TR | 2Ve
ST www.isro.gov.in. G2 GTIA ANBLH (TATS A |

a

QN QO >

WWWW I (A A, TS TS e (IS AifRia) (Kapustin Yar Missile and Space Complex, Soviet
Union (now Russia) (2T GEHF#S |

O ST ! (TBIF, APIG!, ST (Satish Dhawan Space Centre, Sriharikota, Andhra Pradesh) (2T SETH{#S |
GO C=TReT W, I, (F% YT (Centre Spatial Guyanais, Kourou, French Guiana) (A(F TF |

G I 3361 (575 (1€, @RI (Air Force Eastern Test Range, Florida) (T T |

Wmﬂ, FEIfA¥RI (Baikonur Cosmodrome, Kazakhstan) (AT GETH{# |



Afa 5 A1

s 3¢t

1. s Bl
abeoss R>8

AR BB X
sEzéevef

- ¥ <L 4 Fur 0 B

| e =t 2 O
Frkeende

BarwwwEo

<AME<EANEQ®

Eeefiees

Afaf S A2

% ¢ Toffaerad @1 =ifE Tomef 3k oS

®

MA-OS vad

1EeeEFEfEE

«w (=]
_W oo




208

CGRIE|

of& 5 A3
g ogeeld 7@
T ST AT ¢ 2.9979%10° ms’
FEFER OO e 1.602%107° C
AR SE G 6.673x 107" N m? kg™
2T g3 h 6.626 %107 J s
SIGNCRICERRE k 1381 x 1072 1K
SpICSIaTg! MR N, 6.022 x 10%mol "
AL oA g7 R 8.314 J mol 'K
AT o m, 9.110 x10™ kg
G "y, 1.675 x 10™ kg
CATBTeFeT ot m, 1.673 x 10 kg
R OGO S S SGAS  e/im, 1.759 x 10" C/kg
TS YT F 9.648 x 10* C/mol
freaisf g R 1.097 % 10" m”
Q@ e a, 5292x10 "' m
ST (TS 3 o 5.670 x10° Wm* K*
ST 435 b 2.898 x10° mK
AR OfeS (ool € 8.854x10"C* N'm*
1/4mt ey 8987 x10° Nm’C”
R (BTHE (ol 1, 4n x 10'Tm A’
~1.257x10°WbA'm"

T TG TS
T ASIE b
OIS TNMET el J 4.186 J cal™'
[ NG BI latm  1.013x 10°Pa
Sfg | B % 0K -273.15°C
TR (S5 leV 1.602x 107"
AR o1 9T lu 1.661 x 107¥kg
BeIge P e mc’ 0.511 MeV
1 u g7 g luc2  931.5MeV
vl sl e (0°C @R 1 atm) Y% 22.4 L mol™
feae gl (e =9, g 9.78049 m s>
g7 @)
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AfafiS A4

RIS E I KK
TR Gel) FFae! AT AT 9ol (371 237 -
W it @R (FfoF gfe
1km=0.6215mi nrad=180
1mi=1.609km 1rad=57.30"
1m=1.0936 yd=3.281 ft=39.37 in 1'=1.745x 10 rad
1in=2.54cm 1revmin'=0.1047 rad s~

1ft=12in=30.48 cm
lyd=3ft=91.44cm

1 SRR = 11y =9.461 x 10"°m
1A=0.1nm

CFawel

1m?=10%cm?

1km?*=0.3861 mi*=247.1 acres

1in’=6.4516 cm’
12=9.29x 10*m?

1rads™'=9.549 rev min!
©q

1kg=1000g

159 = 1000 kg =1 Mg
1u=1.6606 x 10" kg
1kg=6.022x 10*u
1slug=14.59kg
1kg=6.852 % 10 slug
1u=931.50 MeV/c?

1m’=10.76 ft* Ty
1 acre =43,560 ft* lg cm™ = 1000 kg m’=1 kgL
1 mi*= 640 acres =2.590 km” A

CIRCT| 1 N=0.2248 Ibf=10’dyn
1m’=10%m’ 11bf=4.4482N
1L=1000cm’*=10"m’ 1 kgf=2.2046 Ibf
1gal=3.786 L ™

1 gal =4 qt (quart) =8 pt (pint) = 128 0z =231 in’
lin*=16.39cm’
18 =1728in’=28.32 L=2.832 x 10*cm?

1h=60min=3.6ks
1d=24h=1440 min=86.4 ks
1y=365.24d=31.56 Ms

gfo ot
1kmh'=02778ms ' =0.6215mi h™! 1Pa=1Nm?>
Imih'=04470ms'=1.609 kmh™ 1 bar= 100 kPa

Imih'=1.467fts™
OIEF CFa
1G=10"*T
1T=1Wbm?>=10*G

1 atm=101.325kPa=1.01325 bar
latm= 14.7 Ibf/in* =760 mm Hg
=29.9inHg=33.8 ft H,0

1 Ibfin 2= 6.895 kPa
1 torr=1mm Hg=133.32 Pa



210 st
=S et
1kWh=3.6 MJ 1 3P=Fel (hp) = 550 ft 1bf/s
1cal=4.1861J =T745.7TW

1ft1bf=1.356 J=1.286 x 10~ Btu
1Latm=101.325J

1Latm=24.217 cal

1 Btu=778 ft Ib=252 cal = 1054.35 ]
1eV=1.602x10")
1uc?=931.50 MeV

1 Btumin '=17.58 W
1W=1341x10" hp

= 0.7376 ft Ibf/s
it sAfFaifeetes
1 Wm ' K™'=6.938 Btu in/hft’ °F
1 Btu in/hft? °F=0.1441 W/mK

lerg:10’7J
AfARS A5
afefes sarafer
wifife
r IS : oA = 2707, sin9=% cos9=§
Win’z tan @ = 2 coto ==
r AR (NTF  (FqH = 4 x y
4 5 sec="_ cscO="L
O = 57” X A%
r AL IR THOR 579 JEF (16 - RN ToA
foroTe. a2+ b? =
CFGEE =21 17 +2m 1 h; NS = 772y 5 R fagre, a® 4 b” = c
aof @R h T fage : 5
1
CFaFe] = 5 ah
TRt 1@ c
a
Bl ax2+bx+c:0,
—b*+b* —4ac =
O O X= A b C
2a
0 (FITeR TarSiefifon swarws foga5.2
i fage
e @esffet 4, B, C
_________________________________ ﬁﬁ@a‘@ﬁ%{a, b, c
: @R AN, 4 + B+ C=180°
r ?
;y sinA _sinB _sinC
a b c
0 A =a*+b*-2ab cos C
0 X x O

@A 5.1

MR @I D=4+ C
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sfdfes Hz aae asi=

= I

= AR

~ WA

# ST

= S[g 7, M@ITe @

> 3FE (>> I 37E)

< U (<< LS FHed)

> JRGF I I (I F@od «13)
< FTed I 7 (I J2EF )
+ (il [l R/

oc A #{IfS

>

X A<x>Tx,, xaT NG

faridfifes srenfe :
sin (900— 6)=cos 0
cos (90°— 0) =sin 0
sin 6/ cos 6 =tan 0
sin® 0 + cos” 6 =1

sec’ O—tan” 0= 1

csc? @—cot? O =1
sin2 6 =2 sin 6 cos 0

c0s2 0 = cos®> O —sin’ O = 2cos’> 01

=1-25sin’ 0

sin(fe = B )=sin a cos B * cos a sin f

cos (¢ £ B )=cos a cos § I sin o sin f8

tane + tanf

tan (o * =
( B) IFtanax tanf

1 1, —
sin a * sin B :2sin5(aiﬁ)cos5(a+ﬁ)

cos a + cos fB
1 1
=200$5(a+,3)cos5(a—ﬁ)

cos a — cos fB

=2 sin%(a+ﬁ) sin%(a—ﬁ)

fom Toiotiwg
2
(lix)“zli%+%+ ..... x2<1)
2
+x)" =1F X n(n;l)x ..... x2<1)

2 o3
e =l+X+—+—+.....
21 3!
ERIELEEAEIS]
ln(1+x)=x-lx2+lx3— (x|<1)
5 3 X e
Carefifon frafe
(0 in radians)
0° 6°
51n9=9—§+a—
2 4
c056=1-—+8—- .....
1 41
3 5
tang=0+9 420 _
3 15

(STAF YolTa
ERN AT, x, y G z YL §, 5 9K |, T 956 (93T |
IR

i-i=j-j=k-k=1i-j=j-k=k-i=0
ixi=ix]=ﬁxf‘=o, ix]=ﬁ,jxﬁ=§,ﬁxi=j

X, y =R 2 OFF AR a,, a,, 9K a, SR (I (939 a
(& T A,

a= axi + a‘j + azﬁ
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42 TF, a, b 3R ¢ T a, b€ ¢ TR (TR (S3 |
OEIGHR ax(b+c)=(axb)+(axc)

(sa)xb =ax(sb) =s(axb) (s 9FH (F)

R TF, a 3 b GF TGS G (IR FHe 01
PR

ab=ba=ab +ab +ab =ab cos0

|a x b] = ab sin 6
i j ok
axb=—bxa=|a, a, a,
b, b b

x y z

= (aybz —b,a, )? +(a.b, —bzax)} + (axb'v —bxay)ﬁ

a-(bxc)y=b-(cxa)=c-(axb)
ax(bxec)=(a-¢c)b—(a-b)c

*AfaR B A6
SI oY GFFHZ

A 6.1 SI¥F G334 ARITY 7S g 7w 955

i i

Bt

T 39 WO
REIoD| T« o=
¥fs, aifetaat o afs eree
i siferael @ 2fs eree
w3l o 2fe 7sf eree
(GAIEEACEL] @fa 2ifs 3of eiee
oG] TR #fs oz
©F WY e &4fs w1 o
ofbe Ty i 2ifS sl foE
I T
(T AT Mo e &S = foE
SICAE Szt o bt @ife R
A7 AT FCEe &fs 9of [Woie
ST AT (o 2fe Gl
A6 e fow 2fe eiees
TG A TS GNE ftemam asf o
sraifed e o
[GIES A CIACIESE R GRS afs @efen

ISk

m
m3

m/s 9 m s-!
rad/s i rad s-!
m/s?2d ms -2
rad/s? qf rad s2

m~1
kg/m3 i kg m-3

A/m?2 q Am2

A/m T Am-!

mol/m?3 1 mol m-3
m3/kg A m3 kg-l
cd/m?2 3 cd m-2
m2/s 3 m2 s!

kg m s-!

kg m?

m

K1

m3 s-1




A 6.2 0T T @ T T GFF

st =i

TR RI”G Hz - sl
BEl ﬁﬁﬂ N - kg m 52 or
kg m/s2
Bisf, 2Mes AT Pa N/m? or N m-2 kg m-1s2 or
kg /s?m
I, I, OitoR 2Afet e J Nm kg m2 s-2or
kg m2/s?
o], JiEad 29 <75 W J/s ordJs! kg m2 s-Sor
’ kg m2/s3
wfoTen SR, sfewie Eak c : As
v WfA or W A1 kgmﬂs*a A-lor
wi%afm, e a;ﬁﬂ%j, (o i ma/ 9 A
BIGERY) G F Cc/V A? s% kgl m2
ey ey Q V/A kgm?2 s -3 A2
LIERIEN) ek S A/V m2kg1 s3 A2
BT 2[17 NIERIES Wb VsordJ/A kg m2 s2 A1
BT @, G155 212 &= T Whb/m? kg s2 Al
TG, TP S
NS @ H Wb/A kg m? s2 A2
AR 20T, Ao A Im : cd /sr
Rl il GIE Ix Im/m?2 m-=2 cd sr-!
ARl ((oTTE @@ Bq - =
egiRy/ coaiza
Ted)
CE SIal, ceersat (i Gy J/kg m2/s2or m2s-2
o

A 6.3 @1 9IE OFF QI SRS R AT g o7y a5 S

TP AN T Ao (b JT m’ A
At @ Fory o Cm sAm
ST Aol ARATCCE A 2ATF PlorPasor m'kgs'
CIEFS 3l (T80 GIFS N s m”*
afs s o=
5F, 9, AT A fese foR Nm m’ kg s*
P B e afe fivw N/m kg s”
wol Ty, T, @75 2ife 95 Fow W/m* kgs®
O 217 T




RIS

OIALIFRY, GG g afs Fefes J/K m’ kg s” K
ST ol 4y, AR Ggh g efS [ e J/kg K m’s’ K’
S =i, & ol o s fFeram J/kg m’s?
Rl ety @3l 2fs EErafsas Wsr' kgm’s’ sr'
NEREIERIESE 3G Afe foR wifed Wm' K' m kg s® K’
*fF Iy g afs 9w WO J/m® kgm's*
of%e (g Sl oS @fe fioR V/m3 ml}cgsiaA‘
Sfowide Ty Ferq 2lfS 7 S C/m m’'As
©fe 2qE qg Fore 2o (o Cc/m’ m*As
ISR FRTe ofe [Wom F/m m® kg s* A?
=S Cowrel At afe fipR H/m mkgs”®A”
e =i o A (e J/mol m’ kg s mol”
@I e=caat TE IS Js kgm’s’
M G950, G SRR e afo (I eIt J/mol K m’ kgs® K'
Ol 4T mol”
Ter [Exposure (x-rays o1y Afs peatiars C/kg kg's A
and y-rays)]
CNEISTIt @ =fS eee Gy/s m” s
Absorbed dose rate
RS aAfs ATE Pa’ ~ mkg's’
rfewi7z oies ST «fe 3 ol N/m‘or Nm* kgm's®
B WS oficze ofe WoE Pa/morNm"~ kgm®s”
«j‘éﬁw g afs fFrema J/kg or m? g2
N m/kg
Biol *ifE Arczel 9 fioE Pam’orNm kgm’s”
RISERIS] %57 ee Ns kgms'
o WS %o iR eee Nms kgm’s’
e @Y ezx 35 Qm kg m’s® A*
- s e AfS qof [oE J/m“or N/m kgs”
A% A7

eligfo® i ceTe =1, A TAm qa Fegizres stwtea aRITa= & ALl o

AFFoF AT AT NS G5 S 43R TOIeTT (AT LR =il 21 | Tfns 12 g RS 2SI Tenia ¢t
U AOATER 5o 0ot (TR 27, G 9 2 SICE 1 2SIFHTAl (ATF 72 T g AN TG 27 |
(STS FATFAT FCH#FFe T2l T 1 AR AT o1, @ p.e. FRHET &=y <27 1 20 71 | 21o5<2-9 @3
FCHFAFAAYETE 2bfore FARESI / @I (@re) @11 23 |

(ST @S @R FeIRF Ot / @I (TS =it 27 | e ife sifafafors cegasfer asiaa My «h
Sz g7 Mrie 91 @0 A |

o coTe AR 9orFTt qoa NG g R (F0C @141 28 | G366 (oTe AT o 9Fis (oTo A1 ail ©iel T30 @36
ST WG (5T WA GG @4l (solidus), Fix w1231 (26 {55 @l (/) e s a1 @0e #iita | 5123t o1 € 2033 22w
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qITeT RATISHTIT eIt 0o @1 QTS AT | 2 5JorFCe 19 Ol 7 TSI 9124 FICS T2 TR It
IR T TR |

FRIRT AT AN ISR / @IS (GAI) (5741 27 | A9 (¢ Rl oz =i == 41|

Tizgel 7991, Ca, C, H, He, U, 297ifi |

«3f5 BT Trare FACE FRIT SIS A 2T | AT e (oArrmielfciar 722 @<z Mo e (waieam) |
Tz, 93 U-235 ROHIRGEE 25U foTrd 8 31 2 (I 235 So1Re] G3% 92 AR F1CE 2
IR | U TTRRIGR apafes bz)

Tft TS 27, O3 T SRR SR SiFaReace R SRRl (Sefes owtg) firS Fare a7ea 321 23 |

TaieeEgl, Ca™', PO,

A5 A8
SI @3, g T+ @5 SI BT ASIFYTE FARITAR T e ot o=

(TS MY ST o) AT TSRS / I (GTe R0a) Riil Al 1 2 |

CFFATAR 2ol G2 SIS ASIFATAICT (B S ST FCI NN (IS Lh0o) TR T | G4 (=6
A @ kg, m, s, cd, etc. 257 251 A, LY o1 T | GFFCET N LS I S (G141 2 1 | e 97
AT (6T 02 TG SFH(H (3141 2, T G A0 (I (ol A% AT S 35371 27, I3 SRR G
AT G (I S M 31 2|

W‘T’S{‘ﬁ : BT (metre) €FEA S0 m, e (day) €FET S0 d, W@ﬁ)ﬁifﬁl’?{ (atmospheric pressure) dFHT
e atm, 256 (hertz) 0T o Hz, €TERIT (weber) G503 & Wb, T (joule) AR Sl J, SO~
(ampere) GF(FF G A, (S5 (volt) GFCHF &) V 29It 2SIl 95 23 | 4 G3slig Ifess L, i ol
G AOIF | AT AN 1 93RO (26 o4 | (A0 [ qeits ooy @3 feio @em =)

O[T LS SIS STHCIF (<ITT (I poie KA 5F «E 7 9% (FIETNNG G776+ 07 @141 2, I b0
27 | SR (FI GFCHT 2SI IZI50 WA AT |

TIZRerRg7l, 25 GGG (TR €366 25 cm F07 TR 2T, 25 ems ST 25 cm. =1 25 cms., 3G 0o @i =81 |
Al Sl (/) @3 IRRTER ST T 2 (FE 4F STHIF AF(F LSS Tel) (I 201 7 il foirist
IS | G @ ARTOR 2 T A |

Twiggel FA

m/s” WA m s (m GR s G A g R (=09) @‘ﬁm%@ m/s/s ST AR 1;
1PI=INsm?=1Ns/m’*=1 kg/sm=1kgm™' sfl,f?\ﬁﬁi 1 kg/m/s <14

J/K mol =12t JK ' mol !, ]%@J/K/molﬂ?f;w |

Tosl 2SI @ G 2SI A (I TR 1 (Z0T T7s{ 2OIF9[(e1F ST FISIRF / @I ((GAreTt) 470 2ot
o | GOITF GFF 2RSIFoJfeTa 43 Asae! g wifSie waliet At 9ffeies, 744 «fb o3 (2ib 23 31 I0w! 77, @I & qE
(TRl SRS TreTe Ui o1t g srerifits ©opsf @< eitaiel a1 23 |

CLESER TR

@aMeTB (IMW =10°W); Tl (TS (1 ns=10"7s);

FBRBR (1em=107m); TR (1 pF=10"2F);.

FENRGR (1 km=10°m); MRS (1ps =105 s);

e (1 mv=10" V), fatell 26t (1GHz = 10° Hz);
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RGBS

fFrenenBeb! (1 kW h=10"Wh=3.6 MI=3.6 x 10°J);
T ST (1pA=10°A); Nz (1pm=10"m);
15 (1 A=0.1 nm = 10"""m); etc.

GF EH A 107 m @7 7 e G AR (@FIeT@ G 1 A FBIeaa Sooffiests JRarsms # |
TSI 4% TR A 9F FEHIHRGR AT 107" m 97 7, G0 S G SR e R e G35 07 921
T2 | S0, 4% A T 1072 m? GF T, T B SARN4ARE A RIS 2RI CHFGRCad LS
AR oo IR T 2| (1 T (@, N2 GFFCF micrometre G QNI LTS AW 1 27 | G FI,
micrometre ¢ 9% micrometer (79 AR 7T, ﬂ?ﬁ@fﬁ@@ﬂ@ | ST L‘IWGI%I o 4R TR 61371\2_4
o3 9ffres A1 otejferea|fe™ (cm, km, pum, ps, ns) ALCAIGH, L‘IW?I%{?IW‘@W% 2SI I A |
T (I oo (I G 2SI ST =94 1 T, O Gopoief (R G TG & G G55 o
ASTHCA 5190 B, A TR T IR B (I Lo AT WS TR ZOO AN | 7Y G5 (OfF PO
@sifer S GFFofeT AR ATl AIT T QAT A | IHR IR ferzreiaffet Aleiel Frepsifeives swel 27 41 |
CLESER TR
em® G L (cm)® = (0.01 m)*= (102 m)* = 10 m?®, FEF4F 0.01 m* At 102 m* 3t 1em? (@2 ToR19f ¢ @@ m?
@F S R LR 2, T T2 (F G A0 (ST T | (@I G (e (S1f0F wlead w23t ey wog
SIEG ATF N T T (F (@I G I (&1 27 |
@F2OICF, mA? FF7 = (mA)*= (0.001A)* = (1072 A)? =10° A?, f5g F29¢ 0.001 A* It
10° A’ mA? ZT=T;
lem™ =(10%m)'=10? mﬁl,ﬁ@ lem ' or 102 m =,

s @@ = (10 %) '=10°s !, /g 1 x 100 s =M,

1 km? @5t =gl (km)* = (10° m)*=10°m?, &g 10° m* =7 ;

1mm? G =1L (mm)*= (10> m)>=10"° m?, &g 10> m* zx =1 Zenfi |

I TP G R I | TF ] (I G G AN AT (ST 2T G 0 AT 2N SNl
(Toief) (=14l =12t (STl 27 |

CLESER TR

10*/m* @752 1000/m* a1 1000 m™, &g k/m® ork m™ =z |

10%/m’ @712 10,00,000/m> 31 10,00,000 m >, f&F M/m’ or M m > & |

TP AT IR 2RO ! 4 (i A 1 (T 47 IR (511 2, e qam9)fer Aa1ta 9oiea
I GFFCAIRT LSBT G I (FC FLFCIE (@14 2 |

CLESER TR

ms” (FSFYTEN m @R s, (=G STFT m G3R § 52T G TOF T 201 AR T G Sy G2 § (IS Gl
@R R S g TR (=0T (#7401 27) @3 9 5o ofs s g fifer afs eras 2t

GFTOIE, ms ! [AOF m 3R s 2RTET Y3 02 (@0 @741 2 A 00 Tl 2881 m (Topa! fifera oey) @k gy
(T (D STHET A GTF GO s (4T PIFCH &) T (I T 1 (ZTE ms (F IF 9 YT GFF (Ol
) @7 5 &fs e G, [ afs eree = |

MS ™ [281F m IR S ST Y3 FIE @0Y (3141 27 TR TR Toief A6 m (Sop1sf faifera &) @3 I@ @I
SR S (GFF A &) ) IR 0 75 2ROIF 5 9T T (I R 1 (0T ms (F IF T9e] IT GFF (01F FCH)
a7 w1 & fiifer o, g w47 2ffs fifer e = atl|

C m [ C 3% m 52T 7J2F @R | TR GFF 2SI C (4 T &) G% m (G (BTG &y (F R 0
g =i (zre Aoife 303 1] a7 o1 Ferg o, g Giftfom = |

4 G Gop1sl STReETey, O 1fb ToTrefT I2F 6 91 57 |

iR g




LIRITET 217

10 m= Inm (FAHGR), TG 1mpum (Rfemize fow) 2z,

107 m= 1 pum (I2F7) g 1 mmm (e e f5=) =741,

1072 F= 1 pF (At Ti31e), 69 1 uuF (30 M3 wiEre) 23+,

10° W=1 GW (faraina=i5), fg 1 kMW (51t (attexit) 2z, 2o |

T4 (I (ST A1 72 3 ST G TN 2 T 2, T2 G5 A 2RSIF9| LA FRCATH I (F G 341
27|

TviRge wg

T AfS GRI1ET (FeTecs J/mol K #1=ia1 J mol ' K™ 07t 14 =%, g et / (el K =121 J/ mol kelvin ®121 J/mole K gl
(GRiERE

& 2lfS (GAeNCE J/T et J T B EGRIETN 1%@ joule/T =121 J per tesla 5124t J/tesla 3hifit (71 27 1 |

IS S5 ETLFSE N m s 071 (5141 27, g Newton m second %21 N m second S121 N metre s Il newton metre s
(GRiEREl

oeT 2ifs RFCeials (Fafents J/kg K3l Tkg ™ K 091 @141 27, 6 J/kilog K 3 joule/kg K Al J/kg kelvin Al J/kilogram
K, 295t Tt = 4t |

AN FFAPAC! BTN SASIICE A 2SI TR 0 TR I 2, ZAF AT 7T |

TviRge wg

10° N/m? & N/mm? TR (5T MN/m? 071 (5741 <ifas [eiss |

PR AR 2ffehess 1 Bsta)faress 1000 5jos AT 2 It 107" (@R n s 07 @EIRIF Sifieia e 23|
Y A AT (ST© AMR9YTETS @R (STS A9 GFE TIRT T 2 O SOJT ARTS! (RSN ARG TS |

Triegel wgA

(ST ST (W) ©F (1m) IR SESFLE G () A YT JCot A 1 AT | AT 2 SIFa)fer AT T «h0wa
(1)) W=m g, JC (T 2T IR TR T 1 @3 g OF N g I (20T (€T 2T | 3 «359)fe1 93116 (W), 61 (m)
3R &N (g) IS 2O A0 TS I 1 T | AME AAFR9 W=m g G T LS W S S I T G5 AT |
T, m SAE T I I GFF 2OIF kg T IR g TGFAG THEIE U I A G35 AT m/s” T | G2 AN
F=m a 93 ST F IS TS I A7 45T Aol N 23 7 ST T I T G376 AT kg @R @ THNE T I
T G A m/s” (ST 9T I G5mo)feT TS (F), WO (m) @28 O (a) G5 LSBT A0 9o en v
T

2SI h (ToPisf (203 93 45 1961 ¢ (To1of (1% @R @ 9IB), d (Toief (B @R @< ), T (Botatef (Bt @
@ (BT, a (T2l SIH! 4R G SR, da (To9( (T @R G5 (BT ) 271 <29 0 70 A0S A1 (of
T |

@YfeT S SR ST o1 I Tl GF)fera cgs Aifod Sraa 61 45 AT rent S1Toms! et « (o i
T 10°QF ) (F (&St fea (of 27, 1 (14t o 30w 27 | Geia e SIiwal tediar @ eaa (RiB1R) @6 ikt
FIfeTSiD (=11 23, S G (RTETia™) 9 TR fSifet [RTetial=r (o1l 23 =1, 7% (33T &l (11 2 | 9(6 ST
e GBI ST (@ SEF @ 2 (g) , T A5 717 | @3 s sifafeifs Suraa wiet @3 @ oiml oag a3
RN ST S (Sl ST < 2ife=iifsre Fa0e A 71 | o, 9 ST 0o, SEF G 70w ffees a1
Totofererara Wi 2 = {52 Aret Soivtef (wie! fwiw tofd w2t 231, fRramatsa e 73 |

Twiegel FA

10° kg =1 (9N ( 1Mg), 5 1 [FTNRFNAN (1 kkg) 223

10 kg = 1 ffeaist (1 mg), Fg 1 R0 eraniali= (1ukg) 22041,

107 kg =121 (1g), &g 1 Ffe1 Kerema™ (1 mkg) zw = 2@ |

TR 9GS T ATAISH ([ CONHR (T G0 M0 21 G ST ASIFoteTl 7217 31 b |
Tt il G 2SI T AIe! oz @ i) SRpIta Fsiiere R2ia 01 O3 i SI G35, Topiel @R G3o)tett
TAfFS ST Tivw sftafFre Jfasj waa «F 2w |
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10.

11.

12.

13.

14,

15

16.

17.

18.

19.

20.

21

22.
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ARAS A9
argples A sl v« :
ST AT A A TAF et
et T x T (L
e G x 252 x Tl L)
SRR CH g | e M)/ or [ML7]
Bl 1/ srff=etet V[T]
aifeta, gfe LECRA [LY[T]
Rl aifetaet / S [LT'Y[T]
Eal o X e [M][LT?]
T e T X T [MLT*][T]
T, *If T X Y [MLT ] [L]
el eI | S ML T*)/ [T]
A o3 x aifetaal [M] [LT]
B9, AAee @1 | CFaEe M LT?J[L]
ffe IG5 Rl ERISG [L]/[L] or [L7]/[L]
1 W

Beforias e Alew / Rigfs ML T2

M°LOTO)
BT @ [ [MLT J/[L]
i ¥ | e [ML*T*J/[L]
ool e sfetal / 7ag [LT VL]
Stot =S 5i7l / g [ML™T™J/[L]
S 5151 X SEo ML'T7] [L%]
gl 5Joles 61/ Rt x SRR e @ [MLT 2]

LT /1)
e, s Al Fepia [ P [LY/L]
fqrefifos st e / e [LVIL]

(Sin®, cos0,tanB,etc)
@ @l (I / LYt

a4
M L* T
ML’ T
ML T
ML T
M°LT]
M’LT]
[MLT?]
(MLT']
[ML'T?
ML T*]
[MLT"]
[ML™'T? ]

[M °L° T°]
ML'T?
ML T2
[ML'T ]
ML T
[ML*T 7]
[ML?T]
ML 'T™]
[MLT?)
[MLT")

[M°L°T
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26.

2

28.
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30.

31;

32,

33:

34.

33

36.

L

38.

39,

40

41.

42.

43,

45.

[SIBSACHC]
vraifos e

TTe| IINF
s st

JCTT QN A0S AP

5%

o Tl
SRt
QT 4T
TSI 2T
fafeel vl

I ToTg

6 (4l

I @l
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sifexife
frfenifE

S aifexifE
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s qre

2T 7T
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o x (bFalfed PTY)?

TS| GINF X (FIOF @9

61 X 7]

SAIREACHICR A

3, < x 7Y

27X TS
R

A GfS / 71

(<% / ) / Copaat

[T)[T]

(L]
M] [L]

(ML [T]

[MLT ] [L]

[ML* T"]/[T]
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[(MLT” ] [L]

[T
[L]
[LT )LL)

[ML® T*/T)/[L"]

SHACH ARE] [MT?)[LT]
SCAICES Sifota!

I / wTes ML'T* Y/ [L)]
FACST TR X Ao efies ML ML T )
©F TG X TENE ML)

(2 SfoFae 7el x AR JFAIL) 2

FOH (= I X 9)

(!/,) x &7 x (aifetaal)?
/%7 x i g1l x Tl

1/, x Gl g (PR @AY [M'L'T'] ML Jx[T™ ]

IT55(G FeIA A *ifE

IS P At +If%

B x AT
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HRSCH]

% | Fles

[LT-:']!J"Z X {L]IJ’Z

[MLT” ][L]

M] [LT'T
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[ML*T |
ML*T? |

[ML* T*] [T]

[MLT ?][L?]
M] [M]

[ML* T7] /[T"]

[M°L'T?]

[M°LT"]
[ML* T*]

[ML* T]

[ML*T?]

[ML* T

ML'T ]
[M°LT’]

ML'T ']
[ML'T"]

[ML'T?]

[ML'T"]

[M°LT"]

[MLT ']

ML* T7]
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48.

49.

50.
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53,

54.

S5,

56.

ST

58.

59

60.

61.

62.

63.

SIA4IT, GG ©loE / Sisaal
SRS SIsIeg loifE
©F x SOlFal
e oA Nl A
SIAT 2 e T e
6 WGl x Sioat
w7l sifaifReiss 1 x @y
G X SI9{@l X AT
ST RS PNF rm x (510717 ARRE)
A G (SISt AAfRTS)
e w3 (sifetet)?/<pnis
Foe g7 (<% / copapat x ) x
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S g7 ol (e x SisIl
RIFEII 4 % / Steaal
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ofveaaz SO x (P

[ML* T*)/[K]
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MLT?][L]
[L*] [K][T]

[ [ML'T-2]

(L]
[LT'T /L]

ML T?]
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[L][K]
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[M L—I T—Z][LS]
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mol ']

[M° L°TA]
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ML T A
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[M'L°T] / [L]
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[M'L°T’]

[ML? T)/[L*]

[ML*T"]
[ML’T"]

[ML* T*]/ [ ML*T?]
[MLTJ[L?]

M]

M]LTT
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MET2A T2 x

M L"T“A’]‘%

[T[ML2T2A?]
[MEZT®A2]

1

(L]/[L]

[ML'T™? [LY
ML T [L]

[T 1] 1[M—l I 2T4A2]—I

[T'IML* T A7)

ML T)

ML'T ]

[M’L°T"]

[ML'T"]
[ML'T™]
ML'T’]
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ML°T]

[ML°A° T']

M’L'T’]
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e wgpw

2.1 (@) 10°; (b) 1.5x10*;(c)5;(d) 11.3,1.13 x 10*.
2.2 (@)107; () 107°;(c)3.9x10*;(d)6.67 x 10",

2.5 500

2.6 (@)

2.7 0.035mm
2.9 94.1

2.10 - (@) 15(b)3;(c)4:(d)4;(e)4:(H4

2.11  8.72m%0.0855m’

212 (a)23kg;(b)0.02¢g

213 13%;3.8

2.14  TEECSIE (b) €% () M | Zfere : farpiafifes SIToried (o < TaEe a2 27 |
2.15 A% @G T m = my (1 - v¥c?) "

2,16  =3x10"m’

10%; 901G S 727G GB(0 S SRR (5T S (¥ |

218 TZICHR I ST IR TG T (BIT TG (1ol BT I | I8 95l 5100 %7 A1, 04 1T I S0
YRR I &) 111 ATTE 5 2 | 012 S 2 MRS IG9IT! (OISR 0! boT0g | 5 FITed ToCENE N
= (o et s verez |

2,19 =310 m; (TS T G AR (F AL I 2, 1 AR AN 3.084 x 10 m.

2.17

I

2.20 1.32 A<, 2.64" (second of arc)

223 1.4x10° kg m™; 3 ©F TG AR O / FOCTA qo7g AN [0y, 5 20T 73 | G2 T qefrest Gesifes
I 7T A0 STBEHAR Gy IREBCAT TG TIPS |

224  1.429x10° km
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2.28
2.29
2.30
2.31
2.32

2.33

3.1
3.2
3.4
3.5
3.6

3.7
3.8
3.9
3.10

3.11

3.14

3.15

3.16

3.17

3.18

2SI tan§ SRR NG | 73T 7@fb 21 tan6 = v/v’ @ v' 2 JFHAATET @l |
AT TT10"" (TF 102 @ 19124 |

= 0.7 x 10° kg m™ | 7 SRR 2Tl MO SHHICA! A | OfF 2197 ©F Ty Fowa ©F
OGS IR 2 |

=0.3 x 10" kg m " — (TS TFa 9o *MIt sAisef<s go0ea Aaers 10" 9 |

3.84x10°m

55.8km

2.8%10” km

3.581km

AT 1 e/ (16 7° egm m]c’ G ) B MGl 2o FaCHe Wi |

ICSERCR G
(a), (b)
(a) A....B, (b)A....B, (¢) B....A, (d) 938, (¢) B....A.... &1
37s
1000 km/h

3.06ms?*;11.4s
1250 m (TS : A-43 AT B 47 i Ream=l )
Ims™” (FE9 : A-4F ATAF B @32 C 97 91 Ramal )
T=9 min, (9 =40 km/h. JIKCF9 : vT/(VL-20)=18; VT/(L+20)=6

(a) TErFeita FRIRSYA; (b) @91 %7, 9.8 m s w7 fWRfETRA (c) x > 0 (THifEyA @3k Fmifey oifo) v < 0
(TR, v > 0 (FFFETRA), ¢ > 07K; (d) 44.1 m, 6 5.

(a) 1%3; (b) F2t; (c) 7797 (Tt TG4 @2 @0l 0wt Al S 23, @7 =12l 251 g0l SH A SRIE);

(d) Fr (33 ©2=2 77y 203, 744 1w «eitess o a3 oifes fue qaa 20a 1)

(a)5kmh™, 5kmh™; (b)0,6kmh™; (c) 13 kmh™, 45 kmh™
8 8

IR, (I Y NI AL Gol) AACIT el SSFG 2(TA (TR Il 27 |

HIAD (FT0H TR9TAIR SPTSR | (a) A2 A G5 T UB! SN S DFCS AT (b)) GF2 AT 458
TR (@91 96 Koo e ARFCS 2T ;. (¢) JS FA 9GS 263 1; (d) A A AT (@FICA I GG
ATIF O T B (2109 AT =1t | (Rizme (w72foea Stz ozajren wig2iv )

T, T | x- (14 TF A1 27+ T 1 1 BTy 02 : GFT0 IGCF 93 (6 W17 (tower) (AT (Fel 26T (x =
0) T 1=0.

105ms™
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3.20
3.21
3.22

3.23

3.24
3.25

3.26
3.27
3.28

4.1
4.2
4.3
4.4
4.5
4.6

4.7
4.8
4.9
4.10

4.11
4.12
4.13
4.14
4.15
4.16

(a) Y9 (IERITS A 916 =17 e siwrare (kick) 91 241, Gfb @36 (reite 2ifofra 20 G SCAIFe T
TR @9t e eidre s @fo orexiteT e e e, 2t a1 fa; (b) 5% atiefie @aprsig @&
TEACH G2 CF (=11 203 F610 (I (AT 2ifSe 2, G} 2rorea AfStrest @ @91 fgh! 29 ST 1; (¢)
TSI SIS @5 RFCR63eT WICHH 211 S0 e 20 47 FH 7T SR/ T i e =T |

x<0,0<0,a >0; x>0,0>0,a<0; x<0,0>0,a>0.
3 - FfEF, 2 -4 TPTOA; 1 G 2 @I TET v >0, 3-9 v <0

2 & QR I ;3 - G e A 1, 2 9% 3-Gq N v > 0; 163% 3-GTNCKa > 0; 2-9a <0, A,
B,C,DC®a=0.

T G AT Sy TT-SICHR A0 TS G5 FFACR NS T FJ (T Sy T ST NS
G0 AT “INeT T |

10s,10s
(a) 13kmh™; (b) Skmh™; (c) (& TN SIS 20 s, IR A TNEL (@ (Fe GFSTH AL (@ I SIS0
fomifba @5t 9 km h'; (¢) @3 T wifFR{E® AT |
X, —x,= 15 ¢t (AR OA0); x, —x, = 200 +30 ¢ -5 7 (I 9H)
(a)60m,6ms” ;(b)36m,9ms’"
(c),(d), ()
oo
S, O, G, TeTw, GTIE AL, (R Fo1165 2o (Feni AifH; AT coga i |
T, &R
qqo
1 (c) 4R (d) SHMC5N
@T,(O)F@FW@T(e)T
A : G faere FIot A1ZF TS (21ef) FAC TOR A1 o 3 (@) 27 7 | AT (SFET
G2 ! & AT |
(a) BIT! 3755 792 Alds |
AT FL9 400 m; B
(@) 0; (b)O; (c)21.4kmh™
SRR 1 km @33 212 SIS s1cet Sifeg< 60°; (6 #1t2@ 0 = 1.5 km (TOINIAF) — [+ 310 ($39;

ATAF 1 = 3 km (TP HCF) — FAER N 866 m | AN TG A0 SIS @I 30°, GG #1027 (7 = 4
km (S =)

(2)49.3kmh ™ ; (b) 21.4 km h ™. I, %G FRACILT ATLT G 51T LIS G AT FA1 23 |
THCRT AT 21 8° T wiwwel i |

15 min, 750 mi

»< (@)

150.5m

50m




226 R
4.17 9.9 ms?, (% SIS AP FR17 751 [FTo
418  64g
4.19  (a) SN2t (xyg@ 7w gfe sifex &y o1ey)
(b) 37, (c) 7T
420 (a) v (1)=(30i-40t)), at)=—40]
(b)8.54ms ", x TCHIATE! 70°
421  (a)2s,24m,21.26ms"
422 N2, x-SCEAACH 45° V2, x -SRI ICA-45% (5/4/2,-1//2) .
423 (b) €<% (e)
424 ¥y (e)79y
4.25  182ms’”
4.27 9, Il NGRS (ST A0 RIS 20O AT N |
4.28  INOH (FAF ACH G (9T AT 200 AT |
429 A
430  SEmrEICEt sin’ (1/3) = 19.5° GICY; 16 km.
431 0.86ms”, ([0 SGYLLR 0| 54.5°
2GS TG
5.1 AT G SEPAIE (a) (AT (d) 21T @A (76 A PRI I (712 |
(e) G 6T (13, (XY TFSHI (AT 9 70 2677 Aff ¢ e paaa «=g N2 767 35 |
52 2fS CFCE 39 2 (A AORCE SToH 91 TR0R) THFeliE MRifeyrd Reniie sl 961 11 319 0.5 N
@ e oifs Tarains q=ic 71 2rete Teraa #ifaade 2@ 1 | A [Rres ol e | sife s
ST G GFH ([0 TR AN GF6 ST Solie AT |
5.3 (a) oo fFmifeyril N (b) €33 77 (a) 9T T
(©) (a) €T TS @8 Y : (I JZCSF I (1 T3 ARFIGT o fida 3= | 7[t7 Iow17 Sor = |
(d @GR ofea =T 0.1 N =T |
54 @OT
5.5 a=-25ms> v=u+at ANV IJREAFE 0=15-2.5¢ wfl, 1=6.0s
5.6 a=1.5/25=0.06ms"
F=3x0.06 = 0.18 N sifea=Iifesr4 |
57  @fI@=10N, tan™ (3/4)=237° @I 8 N I SGCLF AR | 5 07 SfSHR G =2 m s
58  q=-25ms?, TWAAE=465%x25=12%10'N
59  F-20,000x10=20000x 5.0, wefe, F=3.0 x10° N

5.10

a=-20ms?> 0<¢t<30s



5.12

5.13

5.14

5.15

5.16

5.17

B
[
o o

5.20

5.21

t=-5s:x=ut=-10x5=-50m
t=25s:x=ut+(%) af = (10x25-10x625)m = — 6 km
=100 : T 30 s 7T 5 REIA A |
x,=10x30-10x900= —8700 m
t=30s, v=10-20x30=-590ms"
30 s (ACF 100 s SfeT@  x,=—590 x 70=—41300m

x=x,+x,=—50km

(a) NI @A (1=105)=0+2x10=20ms "'
ALY 3G TP, FEG (@0 S oI ToAl* 2T 20 m s
@R TTF AR (1=11s-9)= 0+10x 1 = 10ms "'

t=11s, STRIFT A tan” ( 12) GFITH 2BVICSET @9 =+/20° +10° =/500 =224 m s '

(b) TEFeId FRIfeIR 10 m s

(a) B ST (extreme position) TS (91 =+ | AW O (string) 0!I 23, ©2e (HSGH Teaeita BIE]
W #ItT |

(b) SIGRST R PITesa (@9t Sl | A1 SR (string) F61 2%, Ozt el sfige 2 fes 23|

CHTETR A1 T T TS TG GIAITS 2T A0 AR | PO 7 SEPAIE 2 767 20 (A T3 U
T 2 R RTos 2 o7 &1 N - G 7 |

(a) N=70x10=700N; AT 70 kg
(b) 70%x10-N=70%5; AT 35 kg
©) N-70x10=70%5; AT 105 kg

(d) 70 x 10— N=70x 10; AL *[7) 20 ; (R oA ¥ T |
(a) A1 2o Fomba 2ifSfb AT SRAITAZ, el *[7) 3% (3T T2 I8 X[+ |

(b) t=00%;3kgms’ (c)t=4s49,3kgms’'
M 20 kg O BI=1 27,

600-T=20a, T=10a

a=20ms", T=200N

M 10 kg ST Z, a=20ms?, T=400N

T-8x10=8a, 12x10—-T=12a

WQﬁQ, a=2ms>, T=96N

ST I I PN, (N6 {OTT S0 & %[+ | 96 S5 (8F AN G ooy 1 20e1 qure
TS #[el) S5 20O AT 1 |

A I TAT TSI TT = 0.05 x12=0.6 kg m s, §TB! AI03 #771 oAy A |

OIS FTFF 7 AT el - 1000 =10.02 x 80
v=0.0l6ms"'=1.6cms"

AT G @ SfeTF fadGF T T e | @3 19 26
0.15 x 2 x 15% c0s22.5°=4.2 kgms’'

v=27r><1.5><ﬂ:27rmsl
60

mv? ~0.25x% 47?
R 1.5

T: :6.6N




5.22
5.23

5.28

2

200= R’"“" ,whichgives v, =35ms '

AT 0T SR, 55 %ot (b) A= |

(2) *[FTRIT CACR AT ToR (@A AAMRTF 2T ACE | YOI 7@ SPAE CAOR 2M1E G2 (RIS My
Ae{f3 <1 AfoeT =0 A | MHTS AR 911E @7 MG 0y Ao 71 =iz sraw=ll (30 iR aifes 75
I

(b) =T 9IS SR T HIL6a vt FAR A ACE |

(c) €T (HIT T6T 2ATH9 FCF T FIOE TTGCE (mower) Bl A dmmmmgfﬁn@%wmwﬁm
SRS AN Gy 377 671 (N ) SRR TF0F ST (5T (@ T | G T2 0T Wi ([ 2 (F oL N
T TFG HIETTIT Sy (R AT 7 2N A | DI (G 196 {1 e (G <G |

(d) SAERC ARSI 2T FAAT Tl IR (7 0! IAGE TS ATASAI I8 FANCA! 27 |

1 em s™ PRI (391 ™98 G TG (MG (AT x = 0 G3R x =2 cm (© A6 2 GTLFS 917 0.04 kg x 0.02m s =
8x 10 kgm s A 9® AIG 2T |

5T = 65kgx I ms?= 65N
a,, =mg= 2ms”
%% (a) 510 | Re@e mg + 7,= mo¥R ; T, - mg=mv¥R
I ;AT R 2 AT T (5, Siowa i &1 2ofiv) &l 775 2efq My ke 2@ : @3
GRS SISTHET Io7 v, /R WM v /R |
(a) TEIY : TR IMG!
IR FEF TR T 2T 67 = F TR, A GG = mg Frwifeg 2 |
S F—mg=ma
F—300x10=300x 15
F=7.5x10'N SR
TOI I SN, T G3R IANTHR @I (IS 2T 71 = 7.5 x 10° N i@t |
(b) [ IY : IR, T GR J@M
TR ol Y FES AT 67 = R T, 7T & = mg ISy |
S R—mg=ma
R—1300x 10 = 1300 x 15
R =325 10" T |

PO I SEPAITH, IF B9 T BIF 6T 2® 991 = 3.25 x 10* N famifey |
(¢)3.25 x 10* N Tifex3 |

A4S EIFCT METNTE SAASHIS ST ©F

=10°kgm’x10° m*x 15ms'=150kgs "'

ST TEF 2T 761 = AfS CIFTT T F$F Je GA@ = 150 kgs ' x 15ms’ =2.25x 10° N
(a) 3 m g (=S (b) 3 m g (TN (c) 4m g (TN
W I CHAR o7 <& N2
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5.33

W
w0
N

2
Ncos6 =mg, Nsin@zm;

v? 200x200

(AT AN I ¢ tan O 10x tan15°

BIPR T AT (@1 211 2T Aol (SHITST A AT @I (7 | TORT 7 SIS (GD'S Falle @k [
qIoTa 2T 6, A Fergel @b TG & |

o

2
AR @ = tan 1[1: )=tan ‘(

15><15)
g

30x10

N SR FARFOF G e o9l Rl Sl - FIFoa ST, wieq Sy I6 €33 (I ey (F2AeT
T |

(a) 750N (b) 250N; mode (b) G &zecaiay |
(a) T-400 = 240, T=640N

(b) 400—T=160, T=240N

© T=400N

(d) r=0

(a) -Co LM f&re A |

i I A G B 7 Wy @191 e @3 2ABE(G 4p 403 (92 | GTewta B @9 S Alble aiel (aifsfa) oe
F-fgF T AT NI 200 N | GCFCE (G ABIY 916 G2 T4 (12 | GTF0a A €<% B @31 w0y 5 aifsfmn
678 200 N | T4 25 ARG (e 27 w3 o 95 [Famier =77

A+BEIER = [200—(150%0.15)]/15=11.8 ms™
AT =0.15%x50=7.5 N
200-7.5-F,,=5x11.8

Fop=13x10°N; aifeqRsdice|

Fy,=13x10°N; afeafcs |

(a) 537 9% FCFF TR TSI (impending) ST 91 AfSTa14 A 0 I AT =150 x 0.18 =27 N [
IR GG I T 2ATaIem 956 967 15 x 0.5 =7.5 N @ (50 @ 174w G 77 @9t e vetre
WY FH, T FCHA T2 (I I o1 iRt A a1 |

(b) T ACATT G T AT ANCH, 9O (accelerated) (TETCR) AL THCRT &l G0 T671 A8 T
TR T B NG T | T4 GIA I (@91 T 5100 AT GIOm T 51 eR1eT (STe@ia) wiTasa Sy (Rt 2ol
G A T AT |

TR & AT G =g = 0.15 x 10 = 1.5 m 57 | 75 GITFT 93¢l & | G ANCATE 2551 SISy

AT T 27 0.5 m 52 |5 (ATF AATE @S AABI R AN = |22 _ /50 . @ TR Gl @l
0.5
SRFTTAG = x2 x 20=20m.
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LRI

5.37

5.38

5.39

6.1
6.2

6.3

6.6

6.7
6.8

6.9

mv?

FETEa AT G (AN Ty T T S0 AN (TSN 767 (@i, wiefie

S umg GI4jv=
-

o, A a)=2T—” 21 fOra A1 5o (disc) (A F=H16F | 2V 1 @3 -3 o) =S (0 241 7 < pg / @ |
ool S0 i1 @ *1S6 77171 23 (% (A4 cm T0H) |

mv?

A TS, N +mg = @A N 20N FCFF (death well) % (TS (5T AR SNART T2 57

&1 (fFrifes ) | 91edies [mre 1Ry =S @0 (Feg N =0 23|
wiefiey,, = Rg =/25x10 = 16ms '

METH FTF ATT SIS I N FIFOCS 2ATATAT (RIS I @A 7 : N=m R 0 | T4 I f
(TSI THIYA) ST mg-(F &AfSTa1d I | (R AR fere @6 (e et St A 3 mg =

f<uN Sefie mg < um R o) T | SNSCTE &+ (BITSH (cylinder) P FfF @91, @,,, =/g/uR=55"

Y IO (T GRS IR el To THIFGYI @47 37091 0 (Flel Ty I o4 sffoq
@36 3 5@ o8 | GTFTE, mg = N cos 0 G m Rsin O @ =N'sin 0 | Q FRFR9TEM (ATF AN T, cos 0 =

PPN [2 1
ZRW’. @Y cosO<1, 0 < \/%aawﬁw I IR [ SRR AT | 0 = ?gﬂm cos9=§
wigffe 0=60°

TV QG

(a) 4eTISE (b) AeIE (c) AN (d) 4T ORENE

(2)882] ; (b)—2471J; (c)635T; (d)63517;

CRIC! TG ot RFRrATeT (G T AR oI S aifoxiies “ARaSTaa 31w |

(a) x>a;0 (c) x<a, x>b;-V,

(b) -0 <x <oo0; V| (d)-b2 <x<-al2, al2<x<b/2; -V,

(a) TCFG; (b) AT AT ([T GG 2120 AT FOICS e 2o PG 2ARRE T et s | ssjel
FHAC PRI @It «iffasa (713; (c) oI 3 i, Reg e 291 st @k @i =ifea s <otz
ey g7 21F; (d) S ¢ |

(a) M 2IT; (b) eI, (c) AT 2o, (d) @IS CafR=s Satael @3k (G *ifpe (I 46 ag @t aifde 7=ifs
g AITT) |

(a) 21 ; (b) W (o) [t (d) et (agers ey g 51l 717, & 2)

(@ =

(b) =
(© SIPRfERI#E TR @RE S9! AAFS I, RIS (<17 26 778 S sifexif Fcafivs A 1 |
(d) Pl

(b)y ¢



6.10
6.11

6.12

6.13
6.14

6.15
6.16

6.17
6.18
6.19
6.20
6.21

6.22
6.23

6.24
6.25

6.26

6.27
6.28

6.29

7.1

7.2
7.3

7.6
7.8
7.9
7.10

(C) t3/2
12]
BRGNS GOIS A, v,/ v, =13.5

Afo =50 0.082J; —0.163 7

2Jl, SYIYETR SR + (R TR S9! AR QAF | (IR ST S0l AF @I *Fro
OIS PRIF 403 0T (PRI SRa9) + Aifed 20 TSl S 9T SARCHR T TS8R AT S99
AR AT AN 27 | Afwre AfSTwo wr=e] 9 Ay ARSI 9iferaal 75 S wlel (R ©F Sore

@ | @Ry sifeHfee AafEre Qits, O FKare 2 Ffori7F |
43.6kW

(b)
@B O 77}l SR GRITETH BT 2Pl (AT TTa (7 @R (oNeTaefb qewsiz Solta So 1 |

53ms’

27 km h™" (Ze3 I #Ifqade 22 =1h)

50J

() m = pAvt (b) K = pAV’t/2 (c)P=45kW

(2)49,000] (b) 6.45 107 kg

(2)200m’ (b) 14m x 14m. AT G 00! EH RITE AT AT |
212¢m,28.5]

1, Ao Towre A #1242 SNeal Ao TRI; 2N, O @8 B v0S AR | [@RY mgh =(1/2) m v* ]
v,=u.=14.1ms", 1, = W2 s, t. = W2 s

0.125

T-(F092 8.82 ]

=g0o (G GRTbTe Gib 9I® 2TN1S 03, S Gior el (0o FICATE 4 m s I Atae Snesifees (351
0T (TTONT | A3 AP GG 2R el SR T AT ST 110,36 m s, 25.9 m.
(V) =12 I AT AT SPTSH |

ALY TN

ATSTHOH SHITRITST (T | 7, SR TGO SoAMITT T80 TS A, @, (0 7R 9 (30, G0 Fisil
(9N, G0 Pl (518, G5 2P T Al |

H @< C1 FIS It AEIess (219 S+ H 2% (A 1.24 A qarg safers |

<RI (Gfet + ) Sartes gfs wiifafe (v @3 ) AR, FiFe 7= Bl @It A2 qe1 eat
A0 1 | Gl B STt T8 @9jten 26 worifba Sreresiel 76 |

L=xp,—yp,l =yp.—zp, | =zp —xp,

72cm

AT AN BB 3675 N &fSfb (ot IR 5145 N.

(a) 7/5 MR (b) 3/2 MR?



7.11
7.12

7.13

7.14

7.15

7.16

7.17

7.18

7.19

7.20

7.21

7.22

7.23

7.24

7.27

7.28

7.29

7.30

T
fe¥ifE = 3125 J; FIfF SA=@% =62.5J s

(a) 100 rev/min (R4 SACACH FTH IR T

(b) T 2fe=iffb goftaar 2t afexife 2.5 9jet | FmifE S s wfere sifeifs 3 ooy Srereie =ifea
IR FACR |

25s% 10ms>

36 kW

e S Fraa [T o1 e @ (AF R/6 70T |

66.0 g

(2) 1 ; (b) 27, (c) oo o eI ((ACXP a oo sin O)

47

6.75x10"%rad s

(a)3.8m(b)3.0s

BIH=98N,N,=245N,N_=147N.

(a) 59 rev/min, (b) =, sife*ifgx 3 271 @k Wft TTE TGS FoIT (AT =TT |
0.625rads™

(a) CRINT SHACHT IR ARG, FLE (Fre gfe

0= +L0)/d +1)

(b) e Tel *If T TG T2 2 T (W53 T 4o TR @i i=et (Fifes @t o o e
S | AR, (TP TGS TR ARG Sreradel [Kaw, @F1fie sarael weifiafde A |

A ST @ = 0, R GG O Brza We3; B 93 @9t = o, R 93 Sifoy4 S forees fawide fitss; € 31 @t
=, R/2 97 SISy O ord e | Tl @it aea wiet sfeia |

(a) B R IE e 361 B 437 (@91TF A4l (7 | S0, Teeieifels A0a1a SIfos2 @3 SRzl @ wifesrd |
TGS BT AIel G (I SOt Al O | 0, 932 T TSR F9TGTae e o7, A6 Tl Ot
e @3 TS Flortes oo (A0F (@7 20 TP |

(b) TS a1 > 7 B @ (@910 ST O | T2 @516 %7 230 o 72 1S #1wif <06 | «5aig
T4 G 2, Toree F(6 %[+ 27 |

T 6T SACTH DA 2T ¥ (F91 (AT 9790 6 30 | TG 5 ARIGF (FF S 0, (771 715 e |
TR NPT & - W, mg=ma SR W, mgR =—Io, @G ECHATIE@HO=|L, g1, © = o, -1 mgR
t/1. STOA I I v =R © | 90 TR GG 7 = m R* 3R TCCA NG R I 1= @, R/2 |, g. 9506 [6rwa
G, 1= Yo m R G AT T 1= R © /3 U, g | 9O 938 R @R 0, 47 &) [&=(6, (G Sresf=i et
TS HI IR IR=10cm, @, = 107 rads™', i, = 0.2 G Gy ATGS AN SIS A |




731 (a) 164N
(b) X0
(c) 37° (=)
SN S
8.1 (a)=
(b) 2, AW O #ITF g @F ARIS FE FAIF Tl TR T ST 0D A0 27 |
(c) (ST LS, SPI A TR [RI007 0| TV AT, Tl 0 07 T et 2iifisss |
82  (a) BPTANE; (b) 3P ACE; (c) THHT ©F; (d) wIf
8.3 0.63 9= 7l (RITH!
8.5 3.54 x 10° 954
8.6 (a) oifIf (b)
8.7 (@« (b)) () (d)
[Tl 7gba o7 = Aol S st | 39 @ R (2te Sefre 2rame o1 R wifsssi Pefeifea
Tofz s 07 | @y @2 PRI Amiareie sreke @3k @ R o 8w (o 303, ©iz Ifetaet @
R Tofa ANl eq 763 1]
8.8 (I S IR (NG ¥IfF =Tl GG AT A AeE AT 2
8.9  (b),(c) R (d)
8.10 @R 8.11 @ YT TR Tel) SECATF BT (AT sifere Tt | P @) C Tow fimre Fifeif 435 @3z St = 0.
SO, T (SNETRHH T (¢) €% (e) T |
812 26x10°m
8.13  2.0x10"kg
8.14  143x10”m
8.15 28N
8.16 125N
8.17 RS (® (AF 8.0 x 10°m
8.18  31.7km/s
8.19  59x10’J
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RIS

8.20
8.21
8.22
8.23

8.24
8.25

2.6 x10°m/s

0,2.7 x 10 J/kg; @b S AR SGRATS 36 TG A TR |
—9.4x10°J/kg

GM/R*=23x10"ms?, o' R=1.1 x 10°m s Q4T o 2T SRECR (0% S | 9l SiRifba geffasia
(T, ST A5, I RIgRCarI AfZR Soireg 767 SIesiww St (& | 35 S50 AR (ST AT S
250 A ) FFal, T oftaa (Fifa s e =i 431, 2000 @31 @3 9Jeits, 390 fRbF A |

3x10"7J
495km




