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»ACE PE2 WIPUY® £42] 2 _[UY ZEEAIMED «2f i 8UUYA, Z®E 2ivi
UlgAvAPLISUAIA PAGEUYEL Zad1zia, £ VP «zRIAEUVEN £A2) CxIOLPEY.®I
ajvi «2j @k _CAiPRAUIR 2lvEAZL ¥JPRE- PR '. PR_P aP12AV _ASAC i
¥JPREUAZG +Q Rivh ARixid. F CzAAilz® F J A ¥jPREUY, 8U CZAIIE
ajiqAAt.

J A Fh«UnU DOAgz CUvicz. FA«U%i FA«1g®i CEAP 24E® v
Z12nPUYER 028> "APAURvZ. £A3) CAVE ZnPUYEN Fi2 QaalUvd JEAVAR,
F JA Qadlury +QA|AA DOAg¢AZ zAgAilivz. Dgh«P, Chgi«P, NzA«P, SgAill«P,
D™ /Eha, h«P, PAEAIM«P, QAUI, NOA«PU%AVE © ZIEAnPUKUAV £34U +QAik
CUvicz. ¥Yj+adz P®5U1/2U caf +QAik ClUviz.

YA®UWE © ZIKBnPUY%© agvaAvgiva. GzAeguU CaUY% fvv 2hvi
NgA«P. C2lUvA ©AAghq "APAUNVZ. vieAZ z/Ag ©EAU APAUNVZ. DOAgREN
OlghP"APAUlVZ Cx2A Fh« ®h ,AgQv , %2EN ©AghP "APAUAVZ. Ep®ZA £42 PEAY
YAgeUYEN VEP JVel, “"Ag ©Ag®A UAr JVAIAGA CxA “E«h AURY: 2iAg@k
8, lvA2. F J7A Z1k2nPU%U QAik Ca+Pv—iz.

~ AilAve: 8U D™ Ahal. n2iU PAQh §gA= AilAves: © ghUVEN ¥n3iAr. CRUY
PAAIAGRR3OUU C3 KEEM C¥AQ, Ava? P3| EAFEIURU ¥mAkeT 2ivh rA, TiUY%
CUvicz KP? FA«UYd 2ivi AilAveU KP +QAik CB+Pv—iz?
111 303

P®, JAzQAEL? ZIEACE Fi2Ez° £A2) 8Y 2 PR ' ¥zz SUUE «ehfz°®
Czg 8YPAiIL S8UUE avAi_«z. F CA+2Ell pUAY% ®F P& GzAPgUUYEND
¥jut_EAt.

11.1.1. 3850 TOFHE BeSTNOBR IO SRATHIE.

Pl ¥JAPU 1z¥AUMwzAY. CYA CZAIKEZ® ©ZL  2iAik PYAIlVAY. C3YA
¥h PU%EN Nziviv, avey£ll ga ivA%, vEl D™ EAZEUYEN AWN AvAY, ¥ab
YWBEY.EN | AUse, AvAYs, vgUwUU @AdgAURVAY:, VEL _I»vgAACU |24 IUY%ER Pijvi
Zad iviv. 2ivi ¥aaEAUUYER 2idgiviv,. F J~A Z1k2nPUY%° DP AP +QAIAEM
A vAvi. MAZA 2iAwge elvialzAzg, DP PU¥ 1A PO, 2iAgiwzAl. P®, z 2eAaP
ajSAiA ¥Bag F J7A PApti P®.' 8°Y% g% P®, 2Ll MYUEArz.




«eAEA P&, AVA+A

§ovi SAQAIEAZEL £APRL afdl Pu¥IA PO, 2iAgiwgi«j. JuA PU¥IgE
8AQ e+@2AVz JEAIRE ohdl  A¥ELS avidegAVgl«j. DZAUK, SAQAIL® AiiARizA
_WAAvg E®z|jAz, ah2AEE P®, 2iAr® JAzZXH.

Ag2hz ©AgAIEAZEN ol v AL 2T ©&VA PO o«lpUYd oAVAU, oAy
ztAilwAj, ¥&aiA CAzAV #QAil _® TAUREN G¥AIEAVigiwdj oAl ©EgAil
ajji"AfAzgE P®, 2iArgi«gh? «eAfz DzAgz 2k £A2l E°Ail PR " ¥z2El
CxIDIPEArZigk P®, £q¢® JAZXH.

MAZA Plgz Jggf 2ierU _EA¥AE 2iiUdz 2in®IU%EL ochal PAa@ " A
aji itE g2hvAIl «APUUAZE ©wglwdj Cx2@A 2ig2£ll Kjgiwhj. £42 afehap
ApSAIRER CE-L_iRlzAzg, F J A Z1i2nPUYk 2eioP Cxdz° P®_2A DVz,

ZIEACE FAREZ° AiiA2izA GYAIMP "EwP Cx2A 2iAE1P zArva£l £43] PR,
JAZA ¥jUt_§°lzi alizAEz° DI12Agi«P, _[A»vgEACU 2iAvEAQi«P, gAURCAZEN
£ir _i«P, Z®Eavee «APu, PAAIIOPEEZ® “"AU2» A«PUYEN PEAI “"Aj P®." JAZA
¥jut, AUiRe®. PO, KEEL MYUUEArz JASizA £42 2iSkc_ & SUAIAEL
Ca2RA0OLz. «ehfz® P®_' JAS ¥z2E£l «OFf) jAwAiie &k, 2ASAa_ ~AUlvz.
Ez£l Cx&2ArPAY®L PYPAQ Z1i2NPUYER 2iAgEAt.

WeH[e3F 11.1
0w EAR B°L ¥ighUsie, ZEEACE TAB£z° | ARAERAV ¥jUt, §°Uziz

PB, 'z «OF Z1i2nPUY SU Zadizia Yedi£AzA Z1i2nPUBU P4PAq
Yad JYEN Pi%, Gvji
1 £qe¢gi® P®, Aiid3zi?
2. PAilz Az §z A3u KEA?
3. AiiAgi(Aiid®izi) P®, 2idqiwz?

11.1.2 PB, A/ EACPALPPAELE

«ehfz zifAik® PO, 'aEll ££AgE® 2ivi 2ASko 2 SUAIKEN CxIOLPEY®A
PYPAQ , ci2i+UYER ¥jUt, EAL.

AN FAIEAZg 2ihegia PREN zEr, PPE ZAgh atdu zEgz2gU Z° ivz.
of@ Pe£ ZEJE 2iA 8@ ¥aEAU 2iArc¢hj 2ivi Czh Af 8z A-l1z. F
.o@i+z° PR _' £qcz.

OlqAVAIZESYA PUArAIREN J%izAU, Czh ,® zEg Z° kvz. @igiVAIll PIUArAIA
aji~ se¥MEAVIZjAZ, Czh _YAAVQUEArz. DZIjAz P®." £qc¢z.



«eAEA PE, ANAA

¥h_PaCAZEN o¢du Jvgz2gU 2 w. Ez£l 2L ¥i_ Pz 2k oia
SE¥aEAV, A APA, ¥i_P2EH 2ii®PWZAU Czg @i 8@ ¥adFAU2AVZ 2ivi ¥i_P
Z°1givz. DzjJAz P®_ ' £q¢z JAZXE.

ajief o@jxUy%EN | APiRAV C& EAQLZAU PR, " £gAIA®L Jggh n8AZEUYA
_Aevaivgialzi zig2Au "APAURVZ. 1) PAAilz @A S@¥aeEAUaAVg "APL. 2) PAAIARY
JAg2agli 8z A-lrg APL.

ajje£ AiikdlzAzgEAZL 08AZE Clvz°®¢z° P®.' £q¢® JAzZXH.
«ehfz° PR, '2£l £A2] F 8SUAIL® ££Agivia.,

IVh UArAIEAZER JYizg UAr Z° vz, UArAik 2ii~ 8@ ¥aEAU2Avz ajvi
UAr Z°_®nz. F _o@i+z° PO, £q¢z JAzA ohdl A« k«gA?
w3e0Te3F 11.2

o 03 ZIFACE TIB£z° PO, 'B£A MAUEArgi® PR3 | of+U4EA  Aikiat .

s CRULEA ¥n23idr.

s ¥n Fhrz of+U4° PR, £qCzAl JASIZEN a2 | »vgAEACU Zadt,

n o2 YeoaiUsl PAGTUYER clq®i ¥aeiw,

n P®., £qC¢zI° PiAiiz 2 ¥aEV @I §@ Aiil2z4?

s AliA2 PiAilz B~ P®, 2ilg®nz ?

s P®, AjAq®I PiAiiz Az §z ARuUyAaiaf?
W@owesd 11.3

s MAZA PhAidz S~ §eXa/£1V, ®IgE | YAAVQUAEArgi2 | ai2i+ULEA Aidlal,

n  CAUAIM S@XEEIUPIUCZIgE PIAIL | YAAVQUAArgi® | aidi+UsEN Aidial,

s M ESGL EAvC J A | aid+ULEN Aiiat ¥n3idr.

0 03 _[»vgEACU F J A _of@i+U4° PB, £q¢gi® §U Zadl.
11.1.3 1gASRCAZAZERE A

«ehf£z° PR 2£H OAU 2ASAa ~AUlvz? Ez£l CxIOLPAY@L £A2] 2EZ®)
JAE¥®1z ¢QE° ¥aFlviz 8@2£M ¥jUt, EAt.

PAAIARCAZg 24 g 8@ F ¥&EAV_®Q°. a¢du zAg s 2gU PAAIL 8@z
¢QE° _YAAVQUEArg®. W iArz P®_2AVg® (avatll) DzljAz 2iirz P®_ 2
8® 2jvi AE¥®Iz Ult®82iVgivz JAZA 2ASka ivia,



«eAEA P&, AVA+A

£z P®_=8®x_ AEL¥®I
w=FxS (11.1)

L4

5

| F —

33 111

DzjAz PhAilz 2l ¥aEiU2iz 8@CAZAZ PO, 2 8Rz ¥j2ilt 2ivi 80z
¢QE° PAAINRL Z°1z zAEgUY: ULE®SP _2idivgivz. P®_ 2l ¥jRiAt2El Rilvee
OFACZz Ajvi CPEN CEACQIRIC®.

_«iPgt 111g° F=1N 2ivi S=1m Dzg §®¢AzAz P®, 1Nm E° PR,z
AERAIAE £AILET «iAlgi (Nm) Cx2A dE T (J), DzjAz MAzA dE i JAzg
MAZA £ENEI SR2EN PAAIKRCAZg 24 ¥aeEAVizAU 8®z CQE° PAAIARL Im
zkg Ped1zAU DU P®_

L«MPgt 1LIEN URiot, PAAIlZz 20 ¥&aEAV1z 8@ +A£@AzAU £z PR,
Jui? CzA jhw PAAilz _AE 8z A2u +££@AzAU £qz P®, Jui? PR, £q¢z.
JAZA ©l/®k CUVidAz o8AZEUYEN C& EAQL.

ewmecss 111 5N £l 8@ PAAIRRCAZzg 20 ¥adFAViz. §Rz CQE° 2m
£uh zEg PAAIL Z°1z (avedl2). Af 8§z A2uAil2gUE 8® PAAilz 2
¥&/EAlV ®nzg £gz P®,=5Nx2m =10Nm or 10J

< 2m >
e
5N—> | —

33 11.2

3,
Al
L MAzZA PhAidz 24~ 7N £ud 8® 2wdlz. §B®z ¢Q£° Czg ,A£¥el
8m (avadl.3). Ez£4 D PHAIz 2l AEX®IZIzPE 2wdlz §E3AzA
VUZIPEVAELE. E° £qz PR, 2uA?

(€28



«eAEA PE, ANAA

A Bm =

e.-?g 11.3
8§® ajvik Z°1z zEg MAZA ¢QE°z JEl@ alvEAZI _cl2i+afl ¥jut ARt
ajuiacAzi DnP PAgEN £®P _2iAAvg2AV avaglld g°) vEAJLzAv JYVAilivz,
ajuial sR2£l PAJE AE¥®1Z CQE° SO¥AEAVIZ. F _n@i+z° £qz PO, 3
JAE¥®I 2lvi 8®z Ult®82iVz. EAVe _al@i+Uy° §®CAZAV £qz P®, 2£H
zEAVP2AV ¥jUt, AUlvz.

aA+a(;Azg PAAlAaQAzA 0¢6u ¢Q\£° KPgA*¥ N ﬂtf}
ajuze z° wz. FU «ghz' ¢QE° PhAilz 2 §®,,_ P S
F £l eIz, CAzg Jggk CPAUY £qi«f PEAE H‘—HJ 1
180°. F PAAIA® S £k zAg Z°1z A «+isy 1wl | HE
8ACg°. CAve _nf@j+z° 8®CAzAV £gz P®_ F £1i g 114

LiuAvP2AV ¥jUt, AUlvz 2hvA 1At af—MAz Uwd, AUlvz. £gz PO, & F
x(-S) Cx2A (-F x S) DVghvz.

ajief 7Z8UvAz §®CAZAV £qz P®, z£ Cxai Iit2ivgivz. Ez£ll
CXIOLPAY®L PYUVE Z I2nPAILER 2iAgEAt.

WBRT[EsT 11.4
s MAZA PAAIBED SH@Pw. PAAilZz 24— ol3] ¥aaa/1z §BCAZAV PO, £q¢z.
PIAIB] ZHOIR3AV Z°, dvz. o8| ¥4Fiviz §®3 Czi Z°1lz zAgz
CQLgivz. DZAUE, PAAilz S~ UIghVAPLOUAI @3 ¥aseiU2AVgivz.
s E3UHL AIIAR MAZA @3 z£AvPZAV PO, Bilginz 2
s AIASZA THAUAVPPAV PB, Zidginz?
o PAQTUYEN PET.
AE¥®1Zz «gizr CQE° 8@¥&EAU2AVZg £z P®, NiuAvP2AVgivz.
AE¥®1Z CQECAIM 8® ¥&EAURAzg £qz PO, zEAvP2AVgivz.
eomemsss 11.2: ~A«lAil @iiegia 15 kg VEPZ CAgAIEAZER PE® 2k VAVAE.
CzEl ~"E«i—iAzZ 15m Jvgz® VEI v Aik 2iA° LIPAYAVAE. D ©AgAILEN Jviae
C2£L @ikrz 'P®_'2£l Q2.
TWOZeT: TS ¢
OfgAik gA2 m=15kg Z°1z z£g S=1.5m
£qQz P®, W=F x s =mgxs
=15 kg x 10m s? x 1.5m
=225 kg ms2m
=225 Nm = 225]
. £qz P®_ 3l 2253 DVz.



«eAEA P&, AVA+A

T

L PB, £q¢z JAZA Aiid4U £43 44§ 4z4?

2. MAZA PRz 3~ Czg ,AE¥®IZ ¢QE ° SOXBEIAAZAU £gz PB, 2L
«a '1'

3 2[She1 1JPB,

4 MAZA efFv IV EAVe 34— 140N £L4 §® ¥aFAV. AvE Gd3d
Qg APAz AU 15m Gzi«z. CAUzg F Gziz “HF GHPHAIA°
£qz P®, JuA?

112 3¢

+Q g»v FARE C_Azi. +QAik “"ArP ¢ECEPA ©ZAUlwz. £A2) +QAIEN J°Az
¥gAilivia? _EAild £2U CwA z/£q +QAIk £ VP | A¥EA®. CEAP +QAiA DPgUY.EN
£Aa] EAildeAZ A ¥qezha, ¥gRiAti«E ££QAIL iaAz, AU 8CAZ, C U%AZ
£A2] +QAIIEN ¥qAilg©2izA. +QAik Exivg DPgUY: 8U widl D™ £la_ §°gA?

3epTe3E 11.5
w BT PO3| +QAIH DPQUUEA ¥n Bidrz. EEAI CEAP +QAIf DPU%3 CRULEN
¥n3iir.

n 03 aP UIA¥IUY° «©F +QAIl DPQUY | AAIideAZAVA JASIzg SU Zadl,

n . Lg BE®3@z +QAil DPQUY%AIM?

+QAIM, ZIEAGCE FAaE£z° DUAUN 8YPAiiAUIR ¥z2AVZH «eAfz° '+Q' JAS
¥zP _p @ivi oRg2Az Cxd«z. PYUVE GzAPguUYEl ¥jut Ait. 2iuaiv
Z° i@ QBmi ZAgh Lig «PmiU 8rzAU, «Pmi z£g J_ Ail®givz. CAUAIM ac¢op
JvgPijiz 2 _ial PR  2iAgia _A2ixid2£l ¥qAillvz. oidl £EArgiaAv il wgia
_AwUAIl 2igz @®UAIA i1 2£YU vArtzAU 24£Y, @®UAIA MYU £iUlvz. 24Py
DnP PAJE£ QRAILEN _iw £®z &iA°mAU CzA Z° . AgA©_ivz. UA% viA©z S®AELEN
MwzAU Czg DPAgz AU 8§z A2UAiLEN £43) URlo1g8oiz). ¥aaEiV1iz SRAL)
»AvUzAU ¥i£S 8®EEL 2£z°£ DPAg ¥gAillvz. 8®2AV SREEEN MwzAU, Czi
_EAIPZAV +8 2iAgivA Mgzh @£iUlvz. F J A GzAPguUy:® PAAIAUYA «OF]
«zAEUY° PO, 2iigia _A2ixi02EN ¥qzIPEvivR. PR, 2iAgia _ARixio2EN
OFACgia PAAIA '+Q' ©FACZz JAzZA <i8°izA P®, 2iArz PAAIRRL +QAILEN
PYiziPAYdvz 2ivh  AiiA2 PAAIlZ 2 P®, 2iAg®nzAiZA D PAAIRRL +QAIAEM
¥gAiMvz.

6



«eAEA PB, AVAA

+QAIAEN @FACgia PAAIA @MU PR, 2iAgivz? +QAIMEN ©£AcCgia PAAILRY
E£AIAZA PAAIlz 2 Se¥&EA 2iAq8®zA F Qi £qzAU +QAIM 2£z°£
PAAIACAZ Jgqg£A PAAIAP 2UAd2uUAiiAUAvz. Jgq£Aik PAAIRaL +QAIAEN
¥qc¢ghdlzjAz Czi z° vz 2ivi P®_ £gAilivz. Dz jAz 2Ez°£ PAAIIP PO,
ajjgia _A2ixid«z. CAzg, +QAIAEL @EACgia AiiAalzA PAAIL P®, 2iAq8®ZA.

PAAIA @EACgIa +QAIMER Czg PO, RiAgia | A2ixidCAZ CYAINEPizA Dz jAzZ
P®,z KPRIAEAC +QAik KPRIAE2AVZ. CAZzg dA i (J). MAZA dE T +QAIM MAZA
dETEPA @iArz P®_P 2k PRACAZA “Aj 2A¥P ¥&Atz +QAIMEN CYAILGA
0 AA dETT (kJ) 2AEREN 8Y%_ AUkvz. 1kJ= 1000J.
11.2.1 3303 ST

Czipa+hvi, £Aal a1 jwgia ¥aA\Z £2IU CEAP SUAIA +QAik gE¥UYEN
MzV_Avz. «©Fff SUAik +QAik gA¥UYAZQ, AiilAwBe+Q (¥&BEI +Q + ZEE£+(Q),
Gu=Q, gh_AAikaoP +Q, «zAZIQ 2kvi “YQE Q.

3y |
PRAEN +Q JAZA ohal ©AU whAiMwAj? o2l ii»vgh 2ivi 2PPgEACU Zadl.

eldii ¥admi dE i M8 ¥&UR Osqui Ev#A_d. «zAZIQ 2ivA
G 8®«ehAf(themodynamics)z® 2iArz  A+EAZEUBAZAV
Cagh ¥&®AvgAvzAg. Ez®zA Cagh «zAZIQAIA Guz
YjulRiUvell _AvagE¥z©® 2P¥rizig. Cagh +Q _AgPui

. RAEVAIRER +EAC1ZAG. CRg ©_ gfll +Q @iV P, z KPRIAE2AV
ahq AVz.

11.2.2 ZBEAR
W3ERTe3F 11.6
n  AgPz ZAQEH VUZIPEYS. CzEA z¥ SHght AUz S ©i%1. C1Ajilz
gk | AU AiEAURIzZH, CAZAdE 25cm £Ld IvgeCAz ZAQEA Ot ZAgh
PISAIEA GAIA 3idgivz.
o EzA ZIanPAIEN 50cm, 1m, 1.5m JvgUsAz MiEgiawdz,
n  GAmAz ¥aePisAil | 1AV PAtI®Av SidrPFs.
o GAMAVGAR PIBULEN ©f%, Az ZAQAUY% JvgUiEqQE Ulwdl,



«eAEA P&, AVA+A
n  C3UY% DYUYEA CELi1,
v Aiid&zi VIAA DYz°z?
v Aiiddzi ©Zi D4«®? KP?
n  AliA2 PigteAzAV ZAgh D%34z vUEN GALI®ikrz?
x  Zadl i «+i71,

Weahwesd 11.7 ] )
a avals g° vAAJIgAiPAv G¥PgtUYEN eAArt,
w  BCOU VAEPZ 3lgz YaBAzZPALl CEIPE®Pg o+® zAgz° mARAIL WAz Er.
n  BEAU VEPECAZEN mABAIA vmAiie IA mA& Z°_ i8Av Silr.

&3 115

n  MAR BliAz Z°1 Bjgz ¥aSAzPP SrAilivz.
s AR YBEAZPP §rz S a@IRAv c®IUQAIEL SUTE S~ UindL. YeAzP
L YAAVQUA AV Z.
n  YaBAZPZ Az  WAAVgREN UInO. ¥aBAZP3 +QAIIEN ¥qezjAz, YaBAzPz
Y mi& PR, " FiArz JAzXO.
s F +0 J°Az §A¢z?
s WA vmAIl UL VEPREA Ca VA F ¥EEIUREN ¥IEGARWOT. AiiAR
JAZ0z° | YlAvg® CZAVgivz?
s AiifR Az 8z° Cwi °Zf P®, £q¢z?
n  F ZI@nPAil° Z°_ iwgi® mi& P®. Silqiwz 3ivi Czi +QAIIEN CFACZ.
Z° lwgla PiAildl PR, 2iAq8®zA 2iURAV Zz° & PiAildl CzA 8UAIl
azAEUWAIL® Z° lwgia PAAIAQAV ©Zi P®, 2iAq8®zA Z° _kwgi® 8AzEQE
UIAgA, ©A_lwgha UA%, wghUlwgia zZPa@iuaiv z° _iwgia PeL P®. 2iAq8@3.
8AZ/EQE UMQh ULJAIEN ©AU “"A¢_8®zi? UlvAilAvae COUAUVEN UAv: ©AU
Z° _i2Av @iAgivz? Z° iwgia PAAIAUYVA +QAIRER @EACgivR. EZEN £A2) ZRE+Q
JEkvAR,

8



«eAEA PE, ANAA

OMdwgha VAVEPA-A, 2iuaiy z° iwgi@ PAgl, Gglvdwgia PRI, PAgiwgia
«2iAE, CjAiliwgia oigh, O Awgia UA, Ngiwgia NBUAg EVACUYA ZRE+QAIAEM
OEACgivR, ZRE-IAZAV PAAIAUYA ¥qzIPAYAa +QU Z@EXQ JElVAR. d& @azAv
PAAIAUY: Z®E+Q ©ZAUkvzZ.

Z° lwgia PAAINR vE ZRE—IAZAV Il +QAIAER CFACgivzZ? ntdp 2AUCAZ
Z° lwgia PAAilZ Z®E +QAIM D 2AUREN ¥gAil®L D PAAilz @i~ 2iArz P® P
. 2ialvgivz JAZA Cxid, §°kzi.

PAAIlZ ZOEHQAIAEN _ «iiPgtz gE¥z° 2P¥r AAt. m gA2AIlEN CEACgIa
1g @l u£° Z° lwgha PAAIRRCAZEN ¥JULL. Z°1zzfg s £ CQE® ¥aaEAURiZ
1g 8® FruAzAV PAAIL Z° _°. _«liPgt (11.1) jJAz £gz P®, W = Fx S. PAAilz
aji” P®, £q¢zjAz Czh vEl 2AURER §z°1PAY®L 2MAilP2AUvZ. FU Czg
aju uoAz v U 8z A2uAiilu®, ‘a' 2AUEAVpS2AVg®.

859 CAPtz®, £A3 Z®FEAIl 2ikgh _«MPgEtU%EN C "it1zA2, DgACP 2AiU
(w) CAWRh 24U (v) g 2AUEAVD 'a' CAZ Z° _iwgia PAAIRl Z°1z zEg (S)
U% _A8Az VZu’= 2as... (8.7)

Dz jAz vZu?

= 2a
9.4 g CAPt¢AZz F=ma JA8izA whez. _«MPgt (11.2) £4 (111) g° 8%rzAU
8® F uAzAV £qz PO,

(11.2)

W= ma(z—a, )
Cx2A
W= —; m (V2-u2) (11.3)
PAAIR] a+® 1w—iAz Z° @ ¥Agh©1zg, u=0
W= L omv? (11.4)

2
DZjAz £qz P®, 3l PAAilz 8§z Az ZRE+QU ,i2AvVgivz.

o1 .
u=0 Dzg £qz P®,3 - ™ Dvgivz.

DzjjAz m gh2Aili: v 0+@2iUCAZ Z° _lwgi® PAAII®) ©ZACgi® ZRE+Q

1

Ei=-, ™ (1L5)



«eAEA P&, AVA+A
evmescs 11.3: 15 kg gA2Ail PAAIKRCAZA 4ms™ 1ig@iuze Z° lwz. PAAIL ¥qcgia
ZOE+Q Jui?
Zomes: &3 : PMIlz gh2 m = 15 kg, PMIAZ 2AU, v=4ms™!
.«liPgt 115 jAZ By -~ mv?
= %xlSkg x4mstx4ams?
=120
.. PAAiAZ Z®£+Q 1203
evmemcss 11.4: 1500kg VAEPZ PAgEAZg 2AUREN 30kmh™ aAz 60kmh™ U @a_®i
ajiq iPiz P®_z ¥&At2pi?
TOTT:
PAJ£ gA2, m =1500kg
PAjE DgAOP 2iU, u = 30kmh™
_ 30x1000m

~ 60x60s

25
= —mst
~ ~ ’ n ~ 3
CzA jAw PAJE CAw®i &MU, v =60kmh™

= 16.67ms™t

Dz/jAz PAj£ DGACP Z@E+Q E,; = mxu?

= % X1500kg(2—35 mS'l)2

156250
3
PAJE CAWR Z®E£Q Ejg - 2% 1500kg x (3 ms)?

J

_ 625000
3
e qu P®> = Z®£iQA|A §Z_Aau = Ekf- Ekl
= 156250J
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«eAEA PB, AVAA

FImed
L PAHGAZzg ZBREL+) JAZQALA?
2. PRz ZOE+QAIHEN agEX L
3 bms? BUz° Z°, mghd m gAZ Egi® PiAiz Z@£+) 257 Dzg 24U
CUILUAFAQAU Czg ZBE+) JUA? Sagh ¥ I 24U Calzil Czg ZBE+)
JLA?
11.2.3 ¥&AAHA

23e0mesd 11.8

s 08gi AAQEAZEN vUZAPE.

n  CzEM MAZA VACAILEN »rzh 2ivEAZL VACAIEN JY—Aj, g8gi  AAqgi »Uivz.

= g8giAAQIiE MAZA VACAIAEN Or.

s KEA-AVA? Ujol,

s AAQi VEl 2Ez°£ LwAIKEN ¥IER ¥gAillvz. »Viz g8giAAqi +QAIAEN
¥qziPEArgivz.

n  Czh »VizAU @AU +QAIAEN ¥qziPAYivz?

W3e0ITe3F 11.9
= ava® VEAjigl@Av MAzA LAUI CER vUZIPAY.
n  Czg MAZA VACAIREL »rAil®f o2i R»vjU wht. oidl 2jvEAZL VACAIEN
»rzh o2l W»voAz zEg | j-hj. TAUICER ©gAUQUAERKL.

s KEA-AVI?
s VLAUICEN J%zAU CzA @MU +QAIER ¥q—ivi?
s CzA jhw TAUICER APAalzAU CzA +QAIMEN ¥gAillvzAiM?

238033833 11.10
x  DnP PAQEN vUzIPAY%. Czg QAAIAER _iw.
= DnP PAgEll £@z ajier.
g Czh Z°1v?
s Czh J°Az +QAIREN ¥q—AvA?
s ¥qCgha +QAIM MIA _AVAUYEN CRRAOLZAIM?
n  EzEN CAU ¥jiQ_A«j?

11



«eAEA P&, AVA+A

23edmesd 11.11
s PAAIRBCAZEN o¢dp Jvgz2gU Jw. PAIA FU PO, 2iAq8®zA Pt OmAU CZA
PYU CM.®L ¥igAO©, ivz.
»  Ezg Cx02AEAZQ Czh ,® +QAIAEN ©EACZ JAZXA. EEA “af JvgP JwzAU
Czh ©Zi P®,2£l 2iAq8RzA 2ivi ©Zi +QAILEN ©EAZivzZ.
n  F #QAIEN CzA J°Az ¥g-livi? D Alat 2ivi Zzadt.
ajief ol@i+Uy°, PhAilz @A Az P®, CAZAV +QAil AUse, ®nzi, PAAIAP
ayidauAiilz +QAill PAAIlZ 20U Cx2A d@z° 8§z A2u vgtz® ¥BEQAIIAV
.AUse, ®qgivz.
g8gi “AAQICEAN J%zAU il +QAIAEN 2UAd—-A1giwAj. g8gi "AAqiU
ayid—itz +QAill ¥Z@BEHQAIIAVgivz. DnP PAJE QA°AIAEN _AwzAU oidl P@_°
ajirgiwAj. TAUIU 2UAB—A, Az +QAIM CzgEYU ¥BEHQAIIAV AURAVgivz.
VEl AECAZ Cx2A «£A_ CAz PAAIL ¥qzIPAYA2 +QU ¥&BEI+Q JENVAQ.
@edTedd 11.12 )
s ©OCgh PrAaiEAZEN vUzIPAY:. avahl.6g® vEAjizAv © EAzEM Ridr
s ©Ulg2iz Pr—iAz 2iArz —At2£l JYz zhigz 2WM°r.
s zAg2EN JYizh TAE2EN Or.
n  ©°0Az At zEg CEMBIZEN URial, ©°F£ DPAgz Az 8§z ARUAILEN URial,
= ©°F£ DPAgz Az 8z ARUAIM ¥2£ +QAIIAV  AUse, ®IA ~AL2£N z£g J, Aik®A
G¥AIEAU2AUIR ZRE+QAITAV 8YPAiiAUAVzZ.

avale: At FSWAO°LA JHEI z/igA
11.2.4 aCOUAIVARAR PAAIRZ ACZBIAD

a¢d JvgP PAAIRREN 24 wzAU PAAIRRY +QAIRER @atPAYlvz. EzA KPAZg
PAAIRRER 24 viaAU UlgivAPpdUAiL «giz@AV PR, £q¢givz. CAV® PAAikzAEY:U
Egia +QAIEN UlghvAPpat ¥aBEIHQ J£lVAg.

12



«eAEA PE, ANAA
TEIAIL 2IACE MAZA ©AZA<E® MAZzA PAAikz UlgivAPudt ¥ZBE) +QAiM
Cz£M UlghvAPpdul «giz@AV ~E«li-iAz 28 velk £z PO®_2AVgivz.

a¢du Jvgz°gi® PAAiAZ UlgivAPudt ¥Z&BEl +QAIl 2ASAIEN i@ -aiv
¥AiA§2AZA.

|

—

———————— T e

%‘

@33 11.7
m VAP«gi® PAAIRREN VUZIPEY%. ~E«i—iAz h £ph JvgP @i veng®©.
Ez£l 028» @k 8®z CUvikz. & l2£ll 2l veh CUvikgh® Pop 8®2l PAAiiz
VEPP (mg) . 2i@AVg®. PAAilz @~ £qz P®_P _2ifAz +QAIEN CzA ¥qAilivz.
UlghvAPpiduU «ghz@AV D PAAilz @iA~ £qz P®_ 3 W DVg©.
Aikrz PO, W =80 x  A£¥EI
=mgxh
=mgh ..o (11.6)
PAAIlZ 2ii~ 2iArz P®, mgh U _2i«gi®izjAz, D PAAIRR Unlz +QAil
mgh 2UE@IAEUVU 2L EzA D PhAilz ¥Z&BE iQ(Ep)AiiAVZ.
E_ =mgh......... (1.7
CREACAERLV
Jvgzegia MAzA PAAiz ¥Z&BFI +QAIM oial DAIl 2iAgia ~"E2il Cx24
+E£ 2l 12£] C2BRACTz. PENgia _AEZ°£ MAZA PAAIIRL MAZA 2L 1P ¥AgP2AV
¥ +QAIMEN ©EACgivz 2ivh 2ivEAZA 200IP “TAg T Ak ¥ZBEl +QAIEM
OFACgivz.

UlgivAPudu—iAzAz PR, 3l MAzA PAAilz DgAOP 2ivi CAwah A£UY: ®AS
JvgU¥% aivAki 2£4 Ca2@AOgivz 2ivi D PAAIlR Z° & ¥x2£® JA8AzA

13



«eAEA P&, AVA+A
UalE£z=q "APAz «pAil@AVz. avadl.8g® MAzA Un VIAQEN A _AECAZz B _A£EP
Jggh ¥edP 2iAUsU%° Kj, AVz. Jvg AB=h DVg°. Jgq& ,cl@i+U%° PAAilz
aji~ £gz P®, mgh DVz.

e

-

o
B //%f
el

L)

B =

o
R

i

e
=

Fath 1
A A Path 2

L3

Bl

fr e
w A {ff% A
33 11.8

@SR 11.5 : 10kg gA2 Egia MAZA PAAI®L £8¢Az 6m Jvgz©°zlg, Czi
YqzIPEvAa ¥aBE) +OAIEN PAGL »r—lj. E° g =9.8ms™
zowes: PAAIlZz gA2, m = 10kg
JAE¥®1N (Jvg) h= 6m 2ivi
Ulghv 2AUEAVLS, g =9.8ms™
_«iiPgt (11.6) jAz
¥&F] +Q = mgh
= 10kg x 9.8ms™>x 6m
=588J
¥aBE] +OAiM 588)

wmESR 116 : 12kg gh2—igid MAzA PAAIKAl £8¢Az _® Jvgz©z. D
PAAilz ¥ZBFI +Q 480) UYhzg £®P ¥EgP2Az D PAAilz Jvg PAgh »r-ij.
©3 g= 10ms™
zowes: PAAIlZz gA2, m = 12kg

¥ZBE] +0 Ep =480J

E, = mgh
480J =12kgx 10ms™?x h

480
120kgms™
PAAIAR 4m Jvgz°z.
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«eAEA PB, AVAA
11.2.5 +BAIRA ««z B A¥DAAVAZRPEAZ A FAOVAIUBR2E

+QAIMEL £A2l MAZE gA¥CAz EE£ENZE gA¥P 8§z A-i_8°9izA? +QAIAEH
MAZA gE¥CAZ EEAIAZL gE¥P 87 Al 8°9lzAz ©®3 Az "SU%EN ¥j.gz°
PAtivA2,
W3en[edF 11.13
s aP UIANAUL® PlssviPAEs:
s ¥j.0z° +QAif §z ARUAif ««z RUBUY SU Zadl.
o F PUVE ¥aUUEl o3 UAIE® ZadZ,
(@) g .. U 2AU D24g VAIiAf, iva?
(b) 2QAIEN C3 J°Az ¥qAilva?
(C) HCAZ P UABAIM KP Z° vz? ,
(d) Ggi=@iViAz P°z®l 3Jvi ¥mAEEAIHA AU GAmAVa?
(e) QA Aiif3 «zz ¥jAVOEUY dBZPREL GHLIPEYvA?
28eIesd 11.14
0 BUENE CO3igl Z HPnPUY Vi £43 GYAIEAV. A2 | AzE£U% +QAIEA MAZA
QE¥TCAz ELAIAZI gAEX¥P §z A—A, Az £l MUUFAra
o F JAWAIA Z1BnPUY 24VA _AzEULEN ¥n2idr.
n  MBAIFAZL ZHBnP/ Az£z AU +QAil ¥JRVOELAIEA PAGA» r—ij.

11.2.6 +BAiA  AgRliA AR

ZlianP 1113 2ivh 11.14g° +QAIAEN MAzA gE¥CAz EE£EAzZL gE¥P
8z Al l@lzel £A3) Pewzia F ¥e#dlAil® Cx2A £Avg 2@ Ail°E MIA
+Q KEAURVZ? +QAIM 2UAd2uAiiAzAU MIA +Q 8z AUIRC®. EzA +Q AgPul
oAil2l. +Q AgPuA oAil@iz ¥Bag +QAIEN M. ®F Cx2A £A+UAY, @) Azi®.
Dzg MAZA gE¥CAZ EEEIAZL gE¥P 8z A-h_8°lizA 8z A2tU 2£z@L 2ivi
£Avg MIA +QAif AUAIM Eglvz. +Q _AgPuh oAii@ial J A _ol@i+U%UE 2ivi
J A jAwAil 8z A2tUKUE 2iAERizizAVzZ.

MAzA g% GzAPguAilEN vUzIPAY%AAE. m gh2Ailiys MAzA PAAiRRL h
JvgtAz _vAVAY OMRAv 2iAgEAt. ¥igh "z° ¥ZBEl +Q mgh 2ivi ZEE+Q
_EEAIiAVgivz. Z®EXQAIM KP +EE£2AVgivz? Czi _Afl KPAzg Czg 2AU
_E£IAIAVgivz. D PAAiAZ MmAg +QAiM mgh DVglvz. Czi OMV®L ¥Agh 2AzAU
Czg ¥&f) +QAiM Z®EQAIIAV 8z AUlvz. MAZA Az "8z° PAAilz @AU v DZAU,
Z®E+QAIM % mv? DVgivz. PAAilz OMi«PAill 2iiAzi2gzAv A ¥ZBEl +QAiM
PrajAiiAv ZRE+QAIM ©ZAUlwgivz. PAAILR £@2£H vRI¥IAAU, h=0 2ivA v Aill
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«eAEA P&, AVA+A
Uju2Avgivz. DZz[jAz Z®E +QAill CwoZi 2ivi ¥&F) +QAIM Cwi PrajAiiiVgivz.
CzAUE PAAIAZ ¥ZBE] +Q 2ivh ZOEHQUY: 2&va J™ A ©AZAU%:° MAZzA DVgivz.
¥&BEI+) + ZOE+Q = LgAAP
Cx&A
mgh +% mv? = 1gAAP (11.7)

MAZzA PAAilz Z®E+Q 2ivh ¥Z&BE) +QUY: 2Eval Czg AiiAAwBe+QAiiAVgivz.

MAZA PAAiAR]  vAVEHYV OMWARAU Czg 2iAUdz MAZA OAZI«ES ¥&E! +QAil
PrajAiiAUL«PAIML Cul ¥&iAtz® ZEE£+QAIL °ZAUA«PAIAEL £A2) PAtivA2,
(E° PAAilz Z®EAIL 2 AU UivAIL YegEiz2EN o®3Q, AVZ). DzjAz E°
agAvg2AV Ulgiv ¥ZBE) +QAIM ZEE+QAIIAV 2UASRUAIiAULvZ.
Webhwesd 1115

s 20kg QACAIMY: MAZA PAAIBEN 4m Jvg@Az ©q AVz. PENGAZ PAAUPZ © ¥ead
, B3tz °f Y@L+ SUvi ZOLQAIMEN ~01,

PAAIRAIA EqAAZA|  YZ&AAHA ZBEAD E,+E)J
JvéAm) (E._ = mgh)J YV
p (Ek= % )J
4
3
2
1
£®CAZz .® Jvg

s PAZAQUUEN i@OiPj @i g 10ms JAZA VUzAPEY
o3ecal
¥j .g& Al 2UAdRUU CaPA+ oiqtzg, KEAURWVI? +QAik 2UAGRUAIIAUCZg,
Th«UYd 8zIPIAAI®L Az2AUIWg°®. Ez£M oAl M1 «gh?

11.3 PB_ gz dA

£A2®gE MAZA zgz° P®, 2iAgivA2Aill? AilAvedd MAZA zgz© +QAIAEH
8Y; lv2AIMA? Cx2A aUAd—A_vaAiM? +QAIEL 2UAS—A_ 2 alz@wsUvd ~Ag
“Ag zgU%e PAAiRGRR8» v, Ez£M PUVE F Z1i2nP-iAz CxISLPEYEAL,
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«eAEA PE, ANAA

23eT3E 1116
s ESgi 2UPUEA ¥jUEL, A 3ivi B JAzA ©,j1. C&jSg vAP MAzA DVg©.
C3jSgk ¥wiP2AV CUBLH Ovel ¥ighO, ©. ESgA 8m Jvg2£dl vek¥e.
F PAAIHGPEL SUPAAIAUAY, ®F A JASISEA 15 | PAqI, B JASAPEL 20 |, PAqI
VUZAPAEArZAEAZA ~ A« AAT.
s ¥Yei£SoAzAz PO, Aud?
»  E° Bilrz PO, MAZA DVz. DZAUAE A JASIPEL B VAV Prej | SUAUREN
VUZAPAEAIr ZAE.
n  aUv PA® CAzg, MAZA _PAQI£° Aiilgi Caf P®, iirzAg?
+QAillv 2AEAEL MAZA P®_2£H 2iAq®A Prai _2iAil vUzZIPEYEPlzA. @af
Aaixioaly, apo£a] pral _Aaixigz 2ACE£QAV Pral @lAilze vEl ¥aiAt2El
ajiv_g®zh 2FAmigh P 2ivi 2EAmigh PAgIUY%AV® AilAvey _A2ixidz 8UI
ajivEAqEAt. F 2AC£UY +QAik 8z A2u Cx2A 2jAgia PR,z d&z Dzigz
aji— caluvel aviorj .~ Avz. _A2ixie2l ajigia PR,z d& CAzg CAU Q¥&lV
Cx2A azAE2AV £qAillvz JABIZEL CYv 2iAgivz. 2iArz PR,z zg Cx@A +QAil
ayidauAil zg2£l A2ixid JENRgL tPARZ Az PR_ 2 W Dzg, . A2ixid2£l
»AU 8gAiigeizi.

JAaixis = P®,
PA®
Cx2h P=—¢ (11.8)

_A2ixidz KPRAE 2Ami [ehaii@Ami (1736-1819) g UEg2Axa2AV] Ez£M w
a®l-lAz _£a_lvia MAzA PAgPz(agent) _A2ixid 1 2Ami JAzg, 1 _PAQIE£®
Czh 2ihrz P®, 1 dE i JAZXd. 8Y1z +QAiM 1Js* DzAU £A= Cz£l _A2ixid
Iw JAZA °iy,g°lzA,

1 @imi = 1 dE i/ _PAqQi Cx3A 1w = 1Js*

caf ¥&iAtz +QAil 2UADRUAIMEL £42] § ERAMT (kw) U%© ©lvdivia,

1 Q AA@Ami = 1000 2AmiUY

1kw = 1000 W
1kw = 1000 Js*

PARzEACU MAZA PAgPz _A2iixid 8z AUS@IzA. CAzg MAZA PAgPal “"Ag ~"Ag
PA"AAvgUye “"Ag “"Ag zgU%e° P®_2£l 2iAq8°izA. Dz[jAz _gh.j .A2ixiéz
¥JPREAIM G¥AilPaAzizA MmAg G¥AiEAViz +QAIMEN 8Y%1z PARzAEAGU
AVizAU £20U _gA,j . ARixid zEgAilivz,
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«eAEA P&, AVA+A
NRTos 11.7
400 N vEP«gia E8gh ©iqiVAilgh 8m JvgP MAzA ©UitAz ©viagi. M§
©igiv ADVg® 2ivES8YA B DVg©°. F PAAIADREN ¥AEIUEY: ®L A PigiVAIll 20
_PAQi vUzIPEAqQQ. B @igiVAill 50 _PAqi vUzIPAYAaYA ©AUAZzg ¥ed PlgiVAil
| Aaixioapi?
TOTT:
T=oz: (1) AClgiVAil | Aixia:
©AgAVAIA VAP, mg = 400N
CAE¥®T (Jvg), h=8m
vUZIPEAQ PA®, t=20's
_«iPgt (11.8) jAZ
_A2ixid P =2ikrz P®_/VUZIPEAQ PA®
= mgh
t
_400 N x 8m

20s
= 160W

(i) B @igiVAil _A2ixi:
m=eo3: D ©AgAVAiA VAP, mg = 400N
JAE¥®1 (Jvg), h=8m
vUzZIPEAQ PA®, t =50s

_Aadxis, P = ﬂt@Lh

400 N x 8m
50s

= 64w
A ©CigiVAik _A2ixid: 160w
B @igiVAil  A2ixio: 64w

18



«eAEA PE, ANAA
NTRITE 11.8
50kg gAz—igha M& ©<igiU 9, PAqQiU%° _ EA¥AE2iAUd(starcase)z
45 2in®IUY%ER ©vivAE. ¥ad 2in°£ Jvg 15cm UYAzg, C2E _A2ixid2ER PAGA
»r-hj. (g =10ms?).
TOTT:
OlghlUE VAP, mg = 50kg x 10ms?2 = 500N

MEA Jvg, h=45 x 20 = 6.75m

100
oveh VUZIPEAQ PA®,  t=0s
_«lPgt (1L8) jAZ
iaixis, p =_iArz Po,
) vUZIPEAQ PA®

_ mgh
Tt
500 Nx6.75m
B 9s
= 375W
_A=2ixidal 375W DVz.
I3

L ABxid JAzglEA?

2. 1 3imi | A2Ixid2£l 24iShiat,

3 MAZL «Zivied¥3 10, PAQIUY° 1000J £L «ZAivi HQAIEA GYAIFAVIPE vz,

SlUizg Czg . APIxid3uA?

4. ,gA. J ,ARxi02El SiShiot,
11.3.1 +BhiA2A2RAjPAKPAMREA

dE i KPRiA£A] viA A aPzi 2lvi Caf ¥&iAtz° +QAILEN 2P¥r i2AU Ez)
CEIPERPga®. £42] O EA2Ami WAmM(kwh) JAZA PgAilia +QAik z/£q KPRAEREN
§1/45AVAa.

1kwh JAzgAER? MAZA AilAvae ¥ee PAQI£° 1000 +QAIEL G¥AIEAV vz
JAZA £42) ofyERt. D AIRAVEEL _wWaAV IWAMUY: PA® §Y%1zg, CzA 1kWh +QAIAEN
G¥AIEAV ivz. DZjAz | WAMAIA® 1000Js? zgz® G¥AiEAVLiz +QAiM 1kwh.

Ikwh = 1kw x thr

19



«eAEA P&, AVA+A

= 1000W x 3600s
= 36,000,00J
1kwh =3.6x10%]
_Aajpgialv UiegYP, PASAGE 2ivi 2Atdi Ge@iUv° 8Y k2 +QAIAEN
Q AA2Ami WAMUY:° @P¥r ivAia, GzAPguU, MAZA wAUY:° G¥AIEANVLZ «zhvi
+QAIAEN “AiMEami'UYe 2P¥r_ivia, E° 1 AilEemi JAzg 1 Q EA2Ami WAm
JAzZXO.
womeEos 119 : 60W Egi® MAzA «zAvig§ £ CEP 6 WAmUY: PA®
G¥AIEAV, AVz. MAZL ¢£z° D § oAz G¥AIEAV_®1 +QAILEN AilEamiUy©
PAQA »r—ij.
Zowes: «zhvig§ If ARixid =60W
= 0.06kW
8%1z C&¢, t=6nh
+Q = _A2ixid x vUzIPEAQ PA®
=0.06 KW x 6 h
= 0.36 kWh
= 0.36 AiMEomiUYA'
D §°0Az G¥AIEAV_®1 Q 0.36AiMEamiUYL.
WenIedE: 11.17
@3 BULAC CUBr, Az «zAvi <MIgEN CwgCAz £AAr. Czg OPEULEN
U3a1,
0 ¥eeCE “BU 630 Vi _Ae 6.30g° D «illgicAz | FZAPULEL ZAR °1.
n  CUCES Jud AilEemiUsd SHPAIiAz3?
0 QAWESIYAIAS JUA AiERmiUVYA SYPAIIAZz3?
n  MAZA 3lg F ZI2nPAIELN 3idr.
w243 «dQ1z CA+ULEN ¥n 2idr
n  F zVAA+UBAZ WARIAOLBEL Sg—ij.
s a3 «APUAIL CA+UYEN WAUY «zAviO TEAACU CHEf=1,
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«ehEA

P&, AVALA

oA2APAwg R A

X

MAZA PAAIAz @M 2jirz P®_2l 8@z ¥j2ilt 2ivi ©iQz 8@z £igz°
D PAAiR Z°1z zEgUY ULE®@82AVZ.

1 dE =1 ££1£ix 1 «gi

PARIAZ AE¥®IA +E£2AVZg D PAAILZ 2k 2ikrz PR 2l +E£2AVgivz.
MAZA PAAIIR PR, iAgia _A2ixid2El @EACZg CzA +QAIREN ¥qcgivz.
+QAil KPRIAE 2lvi PR,z KPRIAE MAZzA DVgivz.

Z° _lwgha MAZA PAAIRRL ZREHQAIREN ¥qAillvz. m gh2AillY: MAZA PAAIARY
V' @lUzEACU Z° lwzlg Czg Z®E+Q Imv2 DVglvz.

8z Az _AE Cx2A DPAgCAzZ MAzA 2 i@l ¥qzIiPEYL2 +QU ¥&BEl +Q
JElagh. m gh2Aily: MAZA PAAIRBEN ~ E«lAil 28 oAz h JvgP Kj1zAU
Czg Ulghv ¥ZBFl +QAilA mgh DVgivz.

+QAIAER M, ®F _Azi«® Cx2A £A+UEY @K _Azi«®. Dzg Cz£M MAZA
gE¥CAZ lvEAZL gE¥P 8z A-h, §9kzA 8z A2uU 2WAZ 2ivi £Avg
MIA +QAill AliA2AURE 1g2AVgivz. EzA +Q _AgPuA ocAii@i.
¥BaAIA® +QAIM ««z gE¥UY® zEgAillvz. CAIUYAZg ZRE+) ¥&F)
+Q, +AR #Q, gA,AAiloP +Q EVAC. Z®E+Q 2ivi ¥ZBEI +QUY SEVAEN
AiiAAwBe+Q JEM=gh,

P®, 2iAgia zg2£l | A2ixid JERgL. Ezg CAVAGATAAIA KPRIAE 2Aimi,
w =1 3/s

1 WAMAIA®1 kw zgz° 8Y%1z *QAiAEN1 kwh JEARGA.

21



«eAEA P&, AVA+A

L F PYU ¥n Gidrz Z12nPUsEl £44r, afd P, 3Ll CXIOIPEArgi2Ay,

ajdrz P®,P Pigt PEr.

o A4 MAZA PEYZz° FdiwzAY.

o MAZA PVAIl VEI “"alf S T Ag3EA CAVA _AUiwz.
o MAZA UABAIIAVES ~A«—iAz oigfll 3 vinz.

o MAzA ©1gf | A ziw A+iuu QaAIEN £q. iwz.

o MAZA AIKAVES gi®El JYAilinz.

o DCUg ZAEUYA | AAIIOE +ARP MEUW™

o Uk+0—iAz MAZA CA—A zAEACAIM Z°_ iwz.

2. £®CAz MAZA o¢du PEIEZ © MAZA PAAIIREN J, ZzAU Czi 3P¥éxz° £8P
»A¢giUivz. D PiAiiz DgACP 2ivi CAwB ©AzAUYA MAzA CqgASAil
ajiea ofyizqg Uigiv 803 D PiAilz 3~ aidrz P®, 3ui?

3 MAZA AN JAIM §TIEN Chw, dvz. F XYeadlAid°E +0Aid §z ARUAIIEN
«Fy1,

4. MAZA 8@ 20kg gA2Aily MAZA PiAilz ZAUBEA smst oAz 2mstU
8§z A—d Avz. D §®3 Arz P®, @£ PAGI» r—ij.

5. 10kg gARAIM MAZA SUTE 3~ A OAzi«E®z. CzA B ©AZi«U Z°1V4
A Bvi B £Al _Aj. A2 giSAil CqgiSAiidvzig, D PiAilz 3~ Ulgiv
§®3 3jirz P®, Aui? o3 Gvg2£l «3j1,

6. . VAV&IV Oluiwgi® PAIAIIR BlAziR3jzAv A Czg ¥&EEI +QAiH
Pr3ifdiidUivz. EzA +Q AgPUA cAilPIBEl GEAX2VA? KP?

7. w3 TEPTT VIAIMBAU (AT« AR QA ««z JAWAIL §z ARuUMA
AiiA3a)?
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10.

1L

2

13,

4.

15,

16.

17.

P&, ANVALA

of 3 o4 +OAIEN GYAIFAVIAIME SAQAIFAZEN Vi@l «¥®gizAU
+QAil BUAGRU _ AzPA—ivA? i3] ¥aamiviz +QAil J°U CHEi—ivi,
o8 LA «ziVi G¥PTAAZA MAZA wAU%© 250 AildEemiVyd +QAIKEA
GYAIENVIz. dETU%° F +QAil ¥&IAC3UA?

40kg gA2—Agha MAZA PAAIFBEN £0¢AZz 5m JvgP. Kjf, “AVz. Czg ¥Z&BE)
+QAiLA? D PIAIBEL vAVEY ©iPAv @idrz. Czi Czd 2iiUd
Ped1zAU Czg Z®E+QAIEN PAGH» r—ij.

THEHAIER | AVAwgiR MAZI G¥Ufz 2 UlgiviPuou §®3 3jirz
P®. AUA? a3 Gvg3EA | Sydt

MAZA PhAidz 24— AiidBzd §® awd, ¢gi2iU C° | AL¥®I«ZAiH?
Aiflal, F ¥aAilEd o2 | li»vgl 2ivi 2PPg §% ZadZ.

ME QA vEI v Al 3~ CU°£ UEGAIIEN 30 el PAB “AgidizjAz,
DAIIA, UFArgiVAE. C3EL P®, SiArzA£AIM? Cx34 E®3? o3 Gvga£
. @y,

MAZA «ziVi »ABgIiE 3~ 1500w JAZA E3IFzAVz. CzA 10a«<iuly°
JUA +QAIEN 8%APEYAVZ?

MAZA ~/EA®Pz UIAQEA MAZA Pq—AAz J%zA DAZAAREUASLZAU +QAIM
AUFAUUAARZEN Zadt +Q (AgPUA pAIPIBEL «3j1, CAw34V
CzA KP «#idy 1wl SACVA? CAWR34V Czg +0 KEA—AVA? Cz4 +Q
LAgPUA sAIBIBLIRAX 1VA?

m QA2AIMY: MAZA PAAIAB v BiUzAEACU Z° Awz, D PAAIFREN 1gtwl
VGBI Czg 3~ £q_ 42 P®_ 3u?

1500kg gA2AilY 60km/hr BiUz < Z°_ ingh@ MAZA PAgEA e =, ®F ~ APAU&
P®, 3£ Q2.
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«eAEA P&, AVA+A
18, F PUVE ¥adifAzg° m gA2AIA MAZA PiAiiz 24~ §® F 3wd, ivz.
LAE¥®I z ¢Pi Gz 3z Atz UlgiweAz vEAj1gicAv ¥23i¢Az ¥EAOP
Ez. avei£ll | FPidAV UBol, 3jjrz Pe, 3 z£AvP, TiuAvP Cx34

L AEEIATIAVZAIM B4Shiat,

F
F F

T
CF— ~— «~OF—

19. °®3 §RUYA MAZA PiAilz B~ Awdlzigk, Czg HAUEAVIS | EERIIAVZ
JAZA | AR vt C3% IF CAUPAILEL ohd M¥i«gh? KP?

20. 500w | A3Ixi03 £ABH ¥jPgUsAz 10 UAMUY%° GYAIELV, @I +QAIEL
kWh U%° PAQA» r—ij.

21, VAVEIV Oividwgia MAZA PAAIAR CAwBAY £@3£4 ved ! eAwid. Czg
Z®E+Q KEAUAVZ?

A KA A
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5H"|"25[Z

Yamvi £42 AAEALIGA, ¥QUYA, WAM, AiRAVERA, ajoryyh, n«, gArAl/EAU1/4A
EVA¢ DPgU%AZ +8UYEN PAIPEYAVAR, +83] +QAik MAZA gﬁE¥aAVzA £24 Q«U1/4
PALLIPEYAR  ARAZEAIREL GALA alAquz Ezg eAVU A||AAWB&Q +AR+Q YiQE
+Q EVAC +QA|A gE¥U1/za. »ACE CzAAilz® £43Y A||AAWBe+QA|A gUl Pewzi@,
+QAIREN | 'IT ®F _Azi«®, EA+¥r ®F _Azi«® Dzg Pia® MAZA gA¥CAZ EEAIAZA
gﬁE¥P\ 8z A—-A §°AzA JAS +Q AgPuA oAilAaEN °A1/zPﬁEq “Avz. ohal z¥hy,
©iQzAU, +83 GwAiiiUivz. +QAIAEN 8Y1PAYiZA, okl +83£H GANLRiAgi«ghA?
+82aLl Gvw alAq®A +QAiA Aiii2 gA¥2EN 8V A<j? F CzhAiiz° +8al °iU
GwwAiiAUlvz aivi @iU 2iAzalz° ¥adgUEAQh o) Q«AIAEN vRIEvZ JABAZEN

P2 Aill«].

12.1 ga%zs em%g

23T 12.1 , ,

w  MAZA HePBAUEN vUZIPEY. CzEA g8gi ¥4rU Srzd PAY . A2Av Sidr, o2
O«<Aid §3U vaij.

o A3 AiidBzAzgE +83EA PI%IPEArgA?

o PAJX. iwgha MAZA ~AUBEL aBi “giaAz in CEL aULEN a2 li»vgaeACU
OCAaPEY,

s MAZA mASTT mal, i ZAgh Cx34 aP ¥A1Pi ZAQEA zAge¢Az MAzA DzAgP
VEUAOK[MAZA z/Aq | FTU ZAgBEN ¥AEAtL, Czg MAZA VAGU PITPAIAEA CAQ.
LATA VAGAIES ZArEAWU ©A—A1] PA] ., Awgh® +ae3Ail MAZA ~AUBEL
ZArU vApL. (avee 12.1)

SNNNNNNNNN

g e €A o

oot BT

avas 1 PA} . RvgiRAieeABAMAZA SURSK mES T mE., I ZEr URAQ 1ok A
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BeoZwE 122 ) o )
s MAZA UATE ~#Al Cx34 OAPJE° Czg CAatZgU GAgEN VAAOL, PA] Awgh®
HWPBAI MAZA ~AUPEN ozA£3AV edf£ 3 iU ava®.2 g° vEAj1giPAv VAQL.
n  £AVQ PAL. iwgia +ie3AIEA avae2.3 g°© VEIjIgifAv aij£° SV,
o JOQE Az OU%° KEAUIWZ JASIZEA «AQL.
0 CzZA KP »AUA—AVi JASAZEN o3 _li»vgFAeU Zadl,

#
[ e 8 e B , -
:’ \: RN ¥ I el Vol 3._;:?}.._
il = —
i
it

- _
T-' = =
| LE &L Il........ mezin sl

]

ava2.3 PA] . gl AREAEIR Jgak ~ SUBKEA ofj EEYBERYM g A

ajie£ Z1ianPUhAz oidl KEEH wARiAda A«j? PA¥E«®z 2 l«aAz oid]
+82afll Gvw 2iAgh«gh?

ajief z1ianPuy° £A2l HaP2AIEN SrAili@izjAz +83 GvwAiiA-ivi,
“"Ag “"Ag @, AUYER JYiAiki«P, VAZA«P, Gdi«P, Hzi«P Cx2A CRAUAr  A«PU%AZ
£ial +8af£ll GALL 2iAgig&°2izh. 2M°£ ZNianPUy° £421 D & _lU%U KEEN
ajirzal? D 2_jU%EN £424 PAY i2Av 2iAr +82£l GALL @iArzal PAY Ai«P
JAzg MAZA jAwAike 2iuaiy @ _jal »AzPE 2iiAzPA Z° _[&izk 2ifipE° +83)
zavAvi(vocal cards)U% PA¥ECAZ GvwAiiAUlvz. ¥QAil vEI gPAILEN SrzAU
of2) +8a£l Pii«gh? eAfl ££tz ghiAPAg @AU GAmA-ivAZA Aikkat, evel
g8gi “AAQiEl JvzAU PANL +82a£l GALL RiAgivz. Ez£I oidl RiiqzA Ez(g,
AajArj 2ivi PA¥EAEN Uajo1,
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2880538 12.3
n  ««Z SUAIL  AVIv B4zU%EN ¥n Sidr. C3UY% Aiidd ~AUCAz +§3 GAmAUivz
JASAzEN 03 li»vgAACU Zadz,
12.2 3T T[T
Q

+8@| a_juy, PA¥ECAZ GAmMAUlvzZ. AiiA2 2 | Cx2A ¥zixdz 2i£RP +83]
¥adg2AUlvzAIER Cz£N @ilzi@al JEliagh. Czh WE, z& Cx@A Ca@2AVg&eizi.
+§@l DPg ©Azi«oAz PAIUERQU 2iAzidlz 24E@P ¥ag2AUlvz. 2 ial
PA!1ZAU CzA VEl _iveE @iAzidlz PEUYEN PAY _i2Av 2iAgivz. PEUYA DPgCAZ
QAilagu z° _ial¢®. PA! & & j«EEACU _A¥Pd2AVgia ajiz@iz Ptal vE
L2IVEARE tw—iAz AE¥®NUEYAVZ. £Avg Czh VEl ¥Pz Ptz @ik 8SR2£l
Ofpivz. EzjAz ¥Pz P& V£l 0x® 1w—iAz _AE¥®NUAYVZ. ¥Pz PE2El
AE¥®IUEYLZ £Avg 2Ez® P3| vEl 24E® _AEP »ACgiUivz. F YeaiAilE
»AU 2liAziagAillvA +83 o2 Q«AIMEl vei¥ivz. 2iAz@iz° +8z DPgCAZz
GAmiz PEK "(disturbance)Aill @iAzi@iz° z° lvz. Dzg 2iAz@lz PEUY%END
Z° @Ay 2ijgialee.

ajjzidlz PEUY%A ¥Pz PEU%EN Z°_i@Av 2iArzAU, 2iiz@iz° GAmAz
PEL U vgAU JEi2gh. YediiAdv C2 EzA JAwAil ZREAIAENALL 2iAgiva. 2iAzidiz
PEUYA VARAVAIRR 24iAzP Z° i@l¢®. Dzg PEAAIKEN 2MAZzP PAAQEAIlvA,
F jiw +8@ ajizi@iz° ¥Ygdg@iUidizjAz Cz£L MAZA vgAUzZ g&¥ JEI Avz.
ajjzaiz°£ PtUY% Z®E—IAZ +8z vgAUUY: URE®PEUYA whAillva 2ivi ERIUYEL
AiiAAwBevgAUUYAZA PgAilivag.

18z ¥YodgP UMl MAZL _ARiAEl aiizi@iaivz, Al ja a jal ajiaz
Z°1zAU Czh UARAIRER v, _AlAri Czg 2iAz ©Zh Mvq«gia “AURELALL
ajigivz. F "AUREN _A'AgE(compression, C) JElvAa (ava25). F _AlAgEAil
PA! j& 2@ l«oAz zEg Z° kvz. PAY & & jal »AzP Z°1zAU, Czi avad2.5
g° VEAJL1gi@Av Prai Mvg«gh® «g¥£E(rare faction. R) 2@AIKRENALL RiAgivz.
PAL ia a jal ajyaiy »AzP 2ivi aliAzP Z°1zAU UARAIA® AYAQE 2hivi
«guEUY: _gtAiM K¥dgivz. EzAh +8z vgAUREN 2iiz@ize ¥adg2AUiaAv
ajigivz. _A'AgE@l caf Mvq«gl® ¥a+ 2ivi «gu£al Prai Mvg«gi@
¥a+aiVgivz. Mvg2A8izA a¢op ¥jRiAtz°£ @ilz@lz PtUY _ASAiiAVgivz.
ajizi@ize PtU% _AzeePazg Czh @af Mvg2Ell GALL 2ilgivz 2ivi CzA
jiw @iiz@ize PtUY% _AzeePrai Ezjg Czi Prai Mvg2£ll GALRiAgivz.
MAZA 2iAzidlz° +8z ¥adg2£l AAzedil 8z A2u Cx2A Mvqz 8§z A2uAil
¥adg JAzA agkl  §°izi.
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+5R BB £A0_RAVERGBEZE

VvUreE q82£l vUzIPAY%. Czg Jggk ¥A+SUYEN vUzh PEY2AIAV Rilr.
MAZA S8®EEEN vUzZIPEAQL Cz£EN qOAIl MAZA ¥A+dz° 2gr CzE£Hl OVAIIAV
Pn. MAzA aP PEIrAilEN UEMGEE _°MilcAz 8®EnU CAni. MAzA gAza
AP “YPEN PEIFAIA 20~ OMA2AV 2iAr. ¥e¥REfz £Avg “YPh avei2.4g°
vEAj1zAv UEAQAIL 2~ 2iEqivz. q8z E£ENZL ¥A+dz° efighV PEV,
“YUPL UEAQAIA 2 £ivi 2iAgiizEll PAti«j. F jAw TUPh £ivi 2iAg@k
PAGE2AEABIZEN o2l _Ii»>vgEACU Zadt.

perensnenneees PRI ZAQRA

I @ e VI BN SOEER

O
avazd : T BIEAGASE Z 58 PEAAIASE EOlR AR ZE
YA¥A1zA BRAUEIqEA 2E EOiyz E
avap.5: MAzZAZHzEYz A PA} , lughe e iR, AligBA
(C) a3 209 (R) UAA GEAIEA K¥Arigi& A
=3,
L PAr ia A j«oAz GAmAz +83 QjiziPiz 2E@P AU o3 Q<AIEL
VeI¥Ivz?

12.2.1 +A2AAgAAUAL 2 zRe AC2AMEEZE

+8@ MAzA AiiAAwBe vgAURAVZA, Czg ¥eguU “"Ev 2iAz@iUYAz UA,
ofgh, POt EVACUY: CB+Pv Ez. F PYUVE ¥8EAZ® «2j1zAv Czh a@idvz®
Z° ialee.
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MAZA «zhvi PgUAmM 2ivi 2AAil8AZ UAFE WAMAYAVARLEN VUZIPAY:. «zhvi
PQUAMAIAEA 2AAIMEAZ UAFE WAMA¥AVAREYU efAriz. WAMA ¥ivagiel ava 6
g° VEAJizAv o@A8vgAZPP _A¥Qd1z. mhdl PgUAmAIA 1Zi CEN MwzAU Czg
+8@| oall Py _kvz. o2idvgAzZPz CAAIACAZ ¥AvEsEYNVE UAKAIREN PREAT2AV
OfgvUAilivA ©£Azg PgWAm SrAillwzigk ohal PAia +8@l C_paAUiVA
(zA83®UAYIVA) ©FAvz. .® _2@lAilz £Avg WAmA¥AvaeEYU _® UA% Ez(g,
CwA zA88®2Az +82 Pivs_lvz. UALAIAEN | A¥AES2AV ©£gvUzg KEAUg®PlZA?
FU®E ahal PgUAMAIA zoAIRER PA%LPAYicgh?

—a Ok 3 doxErd
B =

e L

- aed

....... pdet oyl o
MEE Folm =g

S STh=F sOncsd
%

g %mrzﬂ:;&ﬁe

ava2.6: v2IVvAR +83)¥AgRIURK OPEZA
VEL] | FRANAMAAV B BHEAUA

3, Neo:
) 1 o2& A4 WAm—4iAz +8§83 9l GAmAUIvz? «3j1,
2. +8z VgAUUYEN AiidAwBevgAUUYAZA PoAIl®H PAGEZ4EA?
3 ofad v a3 sy ESgk ZAzee ajie¢ighzi “A«t o3 _l»v
GALi3ilgia +82£l afd] PIBLPEYS “gA?
12.2.2 +8z ArGAUBAA A AU
WeN[e3F 12.4
s MAZA TAUislinky) £ VUZAPAS. 03 li»val Czg MAZA VAGAILEL » rAilel <k
alvi ofd ELENZA VACAIEN »r—ij. avat2.7(a) £° vELjL1gi®Av TAUICEAH
J¥—Aj. £Avg CzE£H iU a3 _fi»vE PqU v,
o OA3 KEELA UBo, A«f? adB TAUICEN ¥ATIABAIABAY EAPIR Bivi JYAIMBzEl
ajjqinzig, KEEA PAti«j?

(820
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0 LAUIE 3~ MAzZA ZIPAIEA EN URlaizAU D ZIPAil PEA ¥aguAid ¢QU
. QikAvgPAV »AzP 3ivi 3liAzP Z°_ Avz.

(b
ava.7 AUIEAEMYAE

AghaUvih vAT"A Owg«gia ¥adra£l  AYAQEUYA(C) iV _AghUvl «gv2ivgia
Yal+UEND «gVEUVAR) JAZA PgAilivig. MAzA 2iAzialze +8@l AYAQEUYA
ajvi «g%EUY: _gtAIEACU ¥adg2AUlvz JASAZA £2IU FUAU A wihez. FU £A34
TAUIEE PEAAIL ¥agUAIMED 2iAzi@iz° +8z ¥gguAiFACU ©FA° Eit. F
vOAUUYER "alys vgAU'UY%AZA PgAiliagl. F vgAUUY° iAz@iz PEUYA PER "Aild
¥adg2AUia ¢QU | 2iAAvg CQES Z° kv F PEUYA MAZA YiGAZ 2ivEAZL WP
Z° lal¢®. Dzg C& vai 0+® 1w-Mz »AzPE 2iAzPE DAz/AMREUAYIVE,
»AU +8z vgAUUYA ¥adg2iUiva, DzjAz +8z vgAUUYA alivgAUUYAV2,

'Cq VgAU' 2AzA PgAil®gia @ivEAZL «zz vgAU«z. F Cq vgAUZ® PEUYA
vgAU ¥aguAil £igz° DAZAAREUAYZ vah 2IE® AECAZ 2JARPE 2ivi PYPA
Z° _iva Dz[jAz CqvgAUz° ¥eePtUvi 2iAz@iz° vgAU ¥aguAil ¢QU ®AS
CQES val 2UE®_AECAZ Z° kv®. “YPi MAzA Cq vgAU Dzg, DAZAAREUYA
ajjzidlz PtUY% Cx2A @ilz@lz Mvq Cx2A _AAzse-lAz GAmiziz®. Dz/jAz
Ezi MAzA AiiAAwBe vgAU2®. 2MACE vgUwWAIA® CqvgAUUY 8UI aidl ©zAv
WYZAPEYih«j.

12.2.3 +8 VAAUAAMC®PAUAA

+8VgAUREN £43 Czg

g D3w (frequency)

g ¥Ag (amplitude) 2ivi

g d& (speed) UXAZ «2j_ 8°izA

+8 vgAUR MAZA @ikz@lz= z° [2iU _AMzee@ivi MvgUyi @AU 8z AUV,
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JA8IzEN giShavas28 (c) £° vEAj1z. MAZL 2iAz@iz _AAzee @ivi MvqUvi
zvPi®z° zEgzAACU °Zi Prai Caluy, _gh,j .AAzee@ivi MvqUy% ~~U%°
8z AUlwgiva. +8z vgAUR @jiz@lz° z° aAU _AAzee2ivi MvqUuy: 2vAIRUYEL
PaaAV avat2.8 (a) 2ivi 12.8 (b) UV vEAj12.

PEU%A MnU _Ajgia ¥a+UvA ° A'AQE'UvA E2U%ER avad28 (c) Aik®
aji—AUz wglaluve vEAj1z. Ezg® 2MEACAIM Uju _AYAQEA “AUREN
Yam¢ _lvz. DzIjAz _AMzee2ivi MvqUvi ©ZAVgia ¥ai+UvA | ATAQEUYA. PEUYA
«g¥%2iVzi, Praj Mva«gh® ¥aa+UvA "«glEUvd. ERIUVEN 12.8 (c) Aike PY AUz
wohalUvid vVUIUVAV Yemc1lz, 2iA®ACAILEN 'vgAUZ GS8A' (crest) JAzA @ivi PY:
VACAIAEL VUl (trough) JAZA PgAilivig.

megE SEohns

S et Ly
F B e L R L
RN

iy

¢ R
[a) i
LIWS B bbre
C R C R C
- ]
i A

T BT e
fed

ava2.8: +8zAPBAER | AzRECXP MvABAACAAINAGA avia) =v3y(b ) UAR VEj1ZE, AMzBEEA
agany ggonnes;, deames (C) ¥aRClzE

Jggh P&HAUV _AMAQEUY%A (c) Cx2A Jggh P&HAUV «gUEUYh (R) £qi«E
zEg2£N 'vgAU zEg' JElRgh. [aved2.8 (c)].

VgAUZEQ2EN _ARiAE@AV | VBRI CPg, ~—ARiA] ¢Az _Fa_kvia Ezg
CAVAGATIAAIR KPRIAE <Al gi'(m).
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ouzi ghgh i ©midgRgh 1857, ¥8&J 22gAzi d2idwAil
OMASUIBE® dul, §°dfi «+«zZARAINCAZ 2Pt ¥qzgh E2gh
vai ¥aEAUKAZ J.C 2iAPi2®g «zAviPAAWAAIA 1zAAVREL
Ziq¥rizgh “«piz CEAUUUYAZ gArAiEA, me¥EAEI, meUAM
ajvi me«p£iUhl “ zaay¥AAIA CAQPENgh. DAMIS LEI FEIgh zAw
«zhivi ¥juhiaell «2j _kalzQAv 2MAZAIM E2gh Cz£R
YAREAVPRAV Decpj1zigh E2g UEg2Axd2AV DAwAIA CAVAgATIAAIA
KPRAERER ©mid [Hz] JAZA ©_j, Avz.

MAZA WIEAIM ©AU 2iicAz 28~ A"« _kvz JAZA DRwAIM £24U ©iivz.
of2) MAZA g@iel “"Aj , wgh«gAZIPAYERE. MAZA KPRIAE PARZ° ©h2l D qa&il
Juk "Aj ©EqAili«gEA Czh D q&iU ©£gAili® D3w JAzL PgAilivia, +82]
MAZA 2iAz@lz 2IERP ¥agdg2AULRAU 2iAzdlz _AAzedilh Uju 2§E® 2ivi
Pap 2iEQUY 2izi DAZEAREUAYIvz JAZA £21U whez. Uju 2iERiCAZ-Pap
Ajtei alv Uju 2iE®z2gVE _Azedil 8z A2uAill MAZA ¥/Etd DAZEIREREN
GAl@iAgivz. MAzA KPRIAE PA®z° GAmAUE® F DAzZAAREUY _ASKAILEMD
'+8/ vgAUz D2w' JEiagi.

KP2IAE PA®Zz° GAmAUR® _ATAQEUY: Cx2A «g¥%£UY: _ASAIEN Jt* D
+8/ vgAUz DWAILEN ¥gAik8PlzA. Ez£ER _A2AERAV(n) [VERI CPg, £A] JAZA
_Ea_lviad Ezg CAVAgATIAAIA KPRIAE ©mid(Hz).

Jggh PAHAEIUV _AMAQEUYA Cx2A «gUEUVd MAZA 1g ©AzIREN zAI®k
vUZIPEZ® PAR2EN D vgAUz 'vgAU PA Aa¢' Jfliagh E£AAZA jAwAil®
olydalzAzg MAzZA AAzaRilzi@iz° ¥Etd DAzEARER vUzIPEYVI2 PAR2EN
D '+8 vgAUz PA Aa¢' Jf£lidgh Ez£A (T)' JAS CPg¢Az _Ea_lvia Ezg
CAVAgATTAAIA KPRIAE ° PAQi'(s). D®w 2ivik PA A2¢UYA F PYVEAV _A8AC1@,

v=1
T

MAZzA DP&_Az° Ini®i 2ivi PEY®L JgqfE MAZA PA®z® £ir, AUlwz.
E2gqg +8UY%A UMk 2iAz@iz° KPPA®Z® £24 Q«AIlEN vei'2, Jggk +8UY%
DPgz° avi «zgk, C& MAzA d2zAACU Z°12a Dzg £A3] Pivia +8UYA
«Of@2Ava, EzP PAgt +8zAACVE Czg ULE®PEUYA CaIUY° _A—dAili(pitch)
MAZA Uit®PE2AVZ.

OfgPE«lz +8z DAWAIREL «dzivh 90U 2ASAa_lvzAikA Cz£l Czg
A=k JAZA PgAiliagh. DPgz PA! i«P ©ZAzg. DRwAill ©ZAVzA, aved2.9g°
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vEAjigiaAv Kjvval ©ZAvgivz. »AU @af _A-i-igia +8@l KPRIAE PA®Z°
1gOAzI2ER zAlM2 2af _ASAIL ATAQEUYA 2ivi «gVEU%U ABACVRAVZ.

«©Of) _A-k-igia  +8U%EL GAIL 2iAg®L “"Ag “"Ag Ulvaivi 1wUviY,
a_juvd “"Ag “Ag DRwUYC PAT kva,

avA12.9: PARE, i—~i~ight A8 PeAPEDAIER Srh
OBR, fiiightt 8HROEADIRAER AL AR

MAZA @iAz@iz° ©+® _AECAz Jggk Pg GAmiUA@ Uju ¥&iltz
PEAAILER D vgAUz ¥Ag(amplitude) JAZA PgAilivig. _A2iAE@AV Ez£4 A
JA8 CPg¢Az _ka_lvig. [avet2.8 c]. +8P _A8AC1zAv Ezg KPRIAEAl AAzwe
Cx2A Mvgz KPRIAE2A DVgivz.

+8z vAgPv(loudness) Cx2@A 2iAzd2vAilEli(softness) 24£®2AV Czg
¥iga (amplitude) 0zdj ivz. +8z ¥Ag®, &_A2£l PAY i@Av 2iAgi® 8@z
aji~ CaA01z. £A3] 2UFE AN ozAE2AV 8rzAU Prai +Q (¥Ag) Egi®
+8z vgAU GAmAV 2i@izoAilel £A2) Pivivia, £4a] 2jiFU efAghv §rzAU
UnAiiAz +8@£l PAvivA2. EzE KP JAZA ©Mi«gh? UnAiiAz +8UYA ©af +QAIAEN
OFACgiRIZJAZ ©Zi zEg Z° _iv®. +8z vgAURl DPgCAz ¥_j.lvz. +83
DPgCAZ z/Eg 2EAzAV A Czg ¥Ag 2ivi vigv PrajAiiAUlva. MAZA DRwAiilY,
Unze ajvi 2i@izoAilly vgAUUY: DPAgREN avat2.10g° vAAj1zZ.

Foons SJ:;:':;

NN TAWAWAW
RS AV

ROGH

avé.10: 30l zBAill PRREXIgIPRAUR 284 CBEAIGACEAC R
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MAZA _A—-k @lvi vigPv ©£ACgia MAZA +82£l 2ivEAZJAZ ~“A¥Sr Gl
+8z UltUAZ £2IU  Az2AUlvz. ©Zi @izig2iz +8@ ©Zi UluAvP2AvVgivz. KP
DRWAILEN CEACgI® +82£H "£Az'[tone] JEMVAg. ©ZA DRWUVAACU _ AAIEAFL
GAll2iArz +82£l °_g'[note] JElvA2, EzA D°  ®k »vPg2a_jvz. Uz®3(noise)
Q«U PA®L »vPg2a_falc®.  AVAval ©zi UluAvP2ivzi, PAV®L »vPg2AVgivz.

I3 ne:

L vgAUz Aiid® Uit3 C) vigPv D) A—AU%EA ©zdf Avz?

2. Vmhgi Cx@4 PAJE CA£id EBY° AiidRzA Cat | A—AAIEN CFACZ?

KPRIAE Pi®z° vgAUz 2A°£ ©AzA, CAzg _A'AQE Cx2A «giifdl Z°1z
ZEQ2EN 81z d& JEN=GI.

da Vv=2Zz°1z zkg / PA®

I

V=
T

E° | JA8izA +8 vgAUz vgAUzEg. Ezh MAzA PA Aa¢ (T) Aile +8
vgAUal Z°1z zEg@iVz. »AU

v=In (1_: )

Cxah V=1In
d2& = vgAUzEg x D3w

MAZA @iAziz= MAZA ““EviwAii°gia J~A DawUkU +8z daa) 1gaivgivz.
evmemoss 12.1 | 2kHz D&w 2ivi 35cm vgAUzEg«gid MAZA +81z vgAUR, 1.5km
Z° @k vUzIPEY2 PA—ARC Jui?
¥jeigA

T3

D&w n= 2kHz = 2000Hz

vgAU z£g, | = 35cm = 0.35m

vgAU d2, V = vgAU z/Eg x D3w

n=Ilv

= 0. 35m x 2000Hz
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=700m/s
1.5 km zA£g Z°_®k vgAURl vUzZIPEYVI2 PA®
d_1.5x1000m _15s_, 4

BV =700 m. st 7

+8z vgAUal 15km z/£g Z° _®k 2.1s _2iAik vUzIPEYdvz.

L 8 vgAUz vgAUz/Eg, D3w, PAA3a¢ 3ivi ¥hg JAzglEl?
2. +8 vgAUz vgAUz/Ag SVl D3WUY Czg dBzAACU ©U ,A§A¢1a?
3

+8§ vgAUz D3w 220Hz 3ivi d& 440m/s Dzg @ilzi®iz° Czg
VOAUZAQ3EA Q1.

4. MSEA +8z DPge¢Az 450m zAgz© Pi%VIPEAQA 500Hz Egi2 MAzA
EAzBEH PluiwzAE. DPgeAz Jggi PRIAEAUV _AMQEUY E£qi<E
PA~ARGAILA?
¥ae PAQIU KPRIAE PAva® CAziCKAUI® +8z +QAIl ¥AHAL2EN +87 widwe
JAzA PgAilivig. Pe2CRY £42] ‘VAgV' 2ivi ‘wisUvA MAZA CREZIgE CRIUYEN
§z° ¥zUYAV G¥AIEAV _ivAa, vigval +8P Q«Ail ¥adaaiAil CYvAiilvz. Jggh
+8UYL _2ifAz wiRgAIMEl CEACZIgE £26 Q«AIM Jggg® MAzEL _p2Av
PA8®zA KPAZg £2h Q«Ailh +8U%EN Gvai2AVv Ulgiw_ivz.

@234:

L +8z Vigv Vi witey £qicE VAL USEA wist.
1224 «OEPPAZRNAR +8zAd2A

+8@ MAzA 2iAz@lz° a¢du d2zEACU ¥adg@AUlvz. «lAZ) Pit1lz _®
. 2lAikz £Avg UIQAVE +8 PMY_kvz. Dz jAz +8z d2a] "YQf d2QAv Prai Ez
JEI8°izA +8z d@al Czi ¥adgaiuia aiiz@lz Ult®PEUVEN CRRAOLIgIvzZ.
Ez£ 2UWACE vguwUy:® PAili«j. MAZA 2iAz@lz° +8z daa] ajizalz vi¥2El
C2@A01glvz. WECAZ Co®z PqU @EizAv A +8z d@a| PrajAiillivz. AiiAalzA
ajjzidize vi¥al 2azAv A +8z daal oziUlvz. GzAeguU ohj£° 0°C
VA¥P +8z d2 33Ims™ @lvi 22 °C vi¥z° 344ms™ DVgivz. aUCv VA¥P ««z
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ajjziajUy° +8z d2agl PAAUP 12.1g° ¥n Rikrz. old] " ULEN ££1 IIPEYL2
CUVi«®.

PEAMPALZ.1: ««ZfRAZRINAR 25 °c £A +8zA02A

1w a | d&(m/s U%°)

WE C®h«cAnAilA 6420
aP i 6040
GPi 5960
POt 5950
»VAY, 4700
UAdA (* Ami) 3980

z& ohgh (,2Mz¥e 1531
ofgh ('n E%1zA) 1498
IXEATT 1207
Al EAT 1103

Co®UY olqAkdE 1284
»A° AifA 965
UAY 346
DQdEi 316
.®gi giDPEqi 213

=3, ¢
1 mUev VA¥z° Uk%, oigh Cx34 POt F Aiid2 BiEgh 2ilzBiv%° +88]
ajyajy ze ivz?

_EAaPi 8£2K (sonic boom): AiiA2izA PiAilz d2al +8z d&QAv ©ZAvzg, Cz£Hl
JE¥gi _AoPi d2z° z° lwz JAzA ©ly AUlvz. GzA 8L miU%i, emi«2iAL,
ApMEEPUYA EVACUYVA _E¥gi AoPi d2z° Z° iva +82£iAlL 2iAgi® DPgUYA
+80Av ©@af d2z° Zz°_lwzlg C& UA%AIA® DWAv vgAU(shock waves) UY%EN
GAll2iAgiva. F DWAv vgAUUYA 8tevi ¥&iAtz +QAIAER PEAQEAINVE. F jAwAIA
DWAv vgAUUYA 2AAill Mvgz 2viAilzEACU _Aj wAP+ 2ivi eElghz +82£l Gvw
ajigiva, Ez£l | AAoPi 8201 JAzA PgAilivAg. | A¥gi _AcPi 2AAIMEEP—IAZ
GwwAiiAz DWAv vgAUU%A QEQAIA UAdA 2ivi Pe2CaL PIQUYEN AcULY: 8®UA
+QAILEN CEACgivA,
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12.3 +BzARYBEA
g8gi ZAgh UEAg—iAZ »AzP ¥inAiM@Av +§a( _© WE Cx2A z&CAz
¥inAillvz. “VQf ¥e¥®fzAv 83 WE Cx2A z&z 2 HAil° Yax¥° ivz.
»ACE vgUwly© ahdl Pov "UQF ¥e¥®fz ocAiliU%ER EzA CEL_j ivz. +88)
YvEaUia ¢Pl 2lvi ¥ax© i@ ¢Ph EAl va¥° ja a2l #U JY%z ®A8zEACU
¥VEOAZI«E® _2lifAz PEAEU%EN GANiRiAgiva 2jvi E2 2ifgh MAZA
.2lvezegiva. 8z vgAUUY, ¥Ye¥° i«PU Elti¥Az Cx2A MgmAvggeiziz
§ovi Ulvae vgAifAzg C3+Pv Ez.
3enTedd 12.5
s avad2l1lg® vAELJIgiBAY Jggh vzAEse PEYBULEN VUZIPES. F PAYARULEN
o3| Z¥EAI CHIUKAZ Bilq§ izl ava” VAAJIgiPAv F PALBUYA | APLA
Gzk«g®.
w  EAULEN UFAQU | «<M¥3AV MAZA SHFE 34 efirt
s MAZA UrAiiAg@£8 MAZA PEHBAI vge Il VACAI® EIN Czg +§3£A ELAEAZA
PAEVPAIL SUEP PIvi@A ¥adinit
o UrAiilgz 8@ _jJAIIAV Pi%id® AU D PELAUYG AE2EA | jOAACL,
n U YVEPEIE 3IVI ¥a¥®F PEILULEN CYizi CRUY £qi«E | ASAZBEN «AQ.
n  §O® AUz PEUPAIEN BAS3AV . ® SHOP Jw 3ivi KEAUIvZ JASIZEA U1,

—UEAq

rAiiAg ' 3 L_auidA
_ A§ 0«
s o)

fu

avai2 1l +8zAYRBEA
12.3.1 ¥ézd

£A3 MAZA Jvgz Pl q Cx2@A ¥28vz 8% oAvh PEVZAU Cx2A Z¥AY, vnzAU
CzA jiwAil +82£l ® _2fAilz £Avg 2iv Pivivia, £A2] Pivia F +82£i)
Yazo' JElvAg. +8z _ARAzEAIM £24 @lzikEe 0.1_PAQiU%ul PA® Eglivz.
ajy/EAZ) ¥az oAILEN PAY@L 2AER+S 2ivi Ya¥°1z +8UY £qgi«E PA A2¢ Pap
0.1 _PAQiUvqg "APA. cUev vA¥z® CAzg UlksAike 22 OC +§z iU 344m/s DzAU
+8al voAIlEll vRI! ¥a¥®Ffz £Avg PAR/AUE Q«AIAEN 0.1, PAQiU%S v@I¥ AP,
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Dz/jAz +823 DPg ©Azi«oAz ¥a¥° k& aii iU 8rzi »A¢givz £Avg CzA
Z°1z MUk zAg [344m/s] x 0.1s = 34.4m »AU “"Ag ~"Ag YeoUYEN PAY®A
vQAill DPg¢AZz Czdzph, CAzg 17.2m. zEgz°g "APLF z/Eg2 UAVAIL vA¥z®
8z A2uUEY¥nglvz. CEIPS Cx@A vv Ya¥®E£CAz YazoAill MAZQAv ©Zi
"Aj Pia, 82hzA UIQAVE _gtAill, Ya¥®Ff 2l Uiz 2EAqUYL 2ivi £6 E23UY,
£gi2 23 "Aj] +8z CEIPE ¥a¥®ELUVLAZIAMAVZ.
12.3.2 CENAEE

MAZA zEq ¥q. A Ail°e GAmiz +8al Czg UEAQU%AZ 2i°Az i~
Ya¥®ELUEAQL PAZ®L _Az@AU¢giapg@gU PraiAiiAUlvA 2iiAziagAilivz.
LWV ¥a¥@E£CAzIAMAZ F ¥ighawdv +82£l CElgtE(reverberation) JAZA
PgAilivig. MAZA _"AAUEZ® Cx2A ¥q A AIlPE F °Ziaj CEIgtEAill oZi
CE¥AQvaAzizl. E° CEIgEE Praj 2iAgel | "AAUtz 2l A2t 2ivi UEAqQUYEN
JAaiig@ly +8 Use i@ & jUvdz _APlatz ziUAigh ©®U [fibre board] Cx2A
MgmAz ¥A_giUkAz 2iagivig. @AUAIMR D_ £z 2 _IU%EL DAIL 2iAgi®AU C2IUY,
+8§UsePA UMEUVEN ¥jUt_ ivig.

eome: 12.2: M8 2AEAUEL MAZA Ulqz 8% Z¥AY: ©Eqzi Czg ¥ezoAil£l
5 _PAQiU% £Avg PAVAVAE. +8z d& v= 346m/s Dzg Uiq 2@ivi C2£ £gi«E
ZEg2pA?

¥jpeigAzv, +8z d?&, v= 346m/s

Yazo PA/®I vUzZIPEAQ PA®, t = 5s

+§@l 7°1z zfg, = Vxt

= 346m/s x 5s
= 1730m.

Ulg 2ivi D 2i£iie £gia 5 _PAQiU%° +8@l Jggh ~"Aj Z° ivz. DzjAz
Ulq 2ivik DVE E£qi«E zEg = 1730m _ o65m
=B,
L ¥ezoAill 3 ,PAQiVY% £Avg P41V +8z d? 342m/s Dzg ¥a¥®Ff
YA DPgCAz Juk zAgz°z?
12.3.3 +BZARCAALAYBEDACG YA EAUBAR

L avad2ilge vEjizAv ULV, CAEIBUM, AVAv SAziiz
VAVEJUY, +CEA—AUY E3@3UY%° +83 J A ¢PiU4° ©gqz, a¢du
COE® ¥&bs_ A8Av CRUHEN «£A, ULz,
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F jAWAIA B4zU%° PEGPAIEN +API<EAPAGP edlrt Czg vgz ~AUz°
+§3 CEIPRIBAV ¥aé>1 DPg¢Az Pililg ¢Q£° 3liAziagAilivz.

ava 12 SIXEIET SAACIETD

2. VA I JASIZI Bz AzE£BAVZA CzEA ARIAERAY CizAib
Cxad A PEI+z +83Ll Pi®L G¥AiELV, “Uivz, . VA, FANIE°
gAEAVAIA Jz8rv3 Uitv ¥a¥®£¢Az 3izig 0«Al/1£/i/ VRI¥ivz.
(avat2.13)

pE=-T 2}

ej‘
./;‘
‘@V

L

x&-
_r"".‘
zﬂ

J -|-

z,r-' )
'||.--FF £

aval13 : | EEA Ei¥T

3. _A2iAE@pV _AVAv PbAj “"REUYA, (2EMLE “TREUVA, 2ivA 1o@id Ay
+82 ¥a¥®Fz £Avg J A 2 UnU veidiEAV 2 ARtAilEl avad2.14g°
vEAj1lgiaAv 2PiBagz° PI AUlvz. PR®2C2L +8al “"afz GzURPE <gq®i
aj¢PAIL »Az 2P&lz +8z CRUAIMEN Eq AUlvz. (avat2.15)
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W

W

sun wso

\ T

avad214: | ABYEA BEAA ava2.15: MAzAZEqQARH TEA +8ZA
g 7 /e /oA CAUEIER GYAEAV Lg% A

L ,AVAv Pbij “"B£U4% 3iARt 3piBdgz g@l PAGER4EL?
12.4 +8k +8z /04!

ajifage @t +8 PAA«PAIA 24" 20Hz Az 20000Hz 2gU Eglvz.
(1 ©mid=1 cycle/second) 5 2udQAv PYRAIALE 2iPYi 2ivi tAEU%AVC PR3
¥igeUvh 25kHz 2gVE +83£l PALIPAYAVA. (IkHz = 1000Hz ), dEg 2Ail_ A
ozizAv A Cag Q«UYi Paf DAwU%AZ Prai A2Az£UAYAVR. 20Hz U%VAV
Praj D2w Egi® +8UY%EN C2zoUYd (Infrasound) JEA2gA.

CazoULeN £A2) Use i@lzAzg eAEAEAEtz gPUYA PAY i@ +82£l Use ia
JAwAike TEA®PR| PAY A«PAIAEN £A2) Use, §°lzA. WAAQAREUUYA DRw 5Hz VAV
Praj Egia CazoUyv 2HERP _A¥Qd_Ava w«lAV® 2ivi DEUVL Caza aj!
Egia +8afli Gvw 2iAqgiva. PRACAzA ¥AVA ~“EPA¥Y A"« k& ¥E2dz°
«Z°VUEAQAV VEAgiva, “TEPA¥UYA 2MRi DWAV vgAUUVEL ¥AgA© A2izQAv
ajinz Prai DRwAiL C2zoAilEl Gvw 2iAgiva. Eal ¥isUvel 2iiAavaiy
JZj .iva 20kHz VAv @af D3w Egia +82£4 +8uhiwiv +8 (ultrasonic sound)
JAzA PgAilivig. gAEIUYA, “ A2 UYd alvi Pg® CACUYA +8uAwiv +82E£H Gvw
ajjgiva. Pe3 aUdz ¥VAUUYA CviAv _EPiaAz PR AzEUYEN °EACgivR,
“AacUnAzZIAmAZ Caf DRwAIL +8 vgAUUYEN E&] Usel CRIUVAZ v i 1PAYAVA,
E°Uv%A +3uiwiv +82£0 Gvw 2iAr DI12Agiva,
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+8

+ibk Ai\vie 8t zEiu«gi® dEjU +8t AilAvae CR+Pv—iz. +&tAilAves
+hiUPEALCAZ PAAILOR28>» & MAzA E PAmPi _Az£. F +&t AilAv&
alipEr¥/fFlaoAz +82£N 1APj vz, 2UPEBEAET, +8Zz VQAUUYER «zhivi
CAPAVUYAV ¥jawd_dvz. F «ziivi _APAVUY%A 2z8Pz° 2z38EUEYAVR,
azdEUEAQ «zhivi  APAVUYA za¥nUU PYd»  ®giva. zo¥nUAIM 2z8£UEAQ
«zhivi | APAVUYER +83AV ¥jawdL,  u2AV Pl i2Av Q«U g2Ao ivz.

(€20

L
2

230171@53:

ULNE | gh. j +&z AT JuA?
F PUVERIUYA CHACGIa D3w 348 Juk?
(a) CBza (b) +r@ulwiv +§

12.5 +@iwiv A8z ACEANAA

+&uiwlv +8UYA 2af DAwAIMY: vgAUUYA. +8udwiv +8UYA CqvqUihzighk
§°Y, zEgz2gU Z° iva +&ulwiv +8UVEL ©ZAV PUAJPUYA vl 2iziQAAik
Gzi+U%U 8%, AUlvz.

X

X

+Buiwiv +82a£l A2IAERAV _ ZIUEY: @k Pu Az2AUR AilAvas AUUYEN
L ZIUAY: ®h G¥AIEAV,  AUlvz. GzAPgu, _lighAiilPAgz PEY2, a¢dp
DPAg«®z “"AUUYA, «zhivi WIPUYA EVAC. _ZIUEY% ~APAz & AUYVEN
zh&tz° 1k Czg® +&uhwiv vgAUUYER @A-A_ " "APA. F vgAUU%U ©Zi
Daiw Egi@lzjAz D 2 _i«E “AUP CANngi® zA%E PEUYA, Viei 2ivi
PEVAIRED "A¥Sr_iva F jiw 2 _iU%L  A¥ELD | ZIUEYivA,

~Eiez CZIUY°£ OgiPl 2ivi EEEVUVEN ¥v ©Z@k +&uliwiv +8UYVEN
8, AUlvz. F jAwAik ~ Aoz CZIUVEN _A2iAERAV 8°vi o2ijdtz
gZEUvAz PlQUY, _AviaUvd, AilAvayd 2ivi 2leloP G¥PgtU%°
G¥AIEAV " AUlvz. @£gVaAz Pitz CZIUY%°£ OgiPAUYA 2ivi gAZE.
AilAves: PAAIRP +QAIREN PIAC Ava, F CZIUY: 2P +8auiwiv vgAUUYEN
Of—fr ¥vPAjUY(detectors) _PAAIACAZ vgAUUYEN LAPJ .~ AUkvz. CwA
Lt £EEEv-IZIgE, +8ulwiv vgAUUYA ¥ax© i@lzjAz D ©giPi Cx@A
£/EEVAIL Egi«PAIMEN avai2.16g° vEAJ1giaAv ¥v ©Z8°lzAVz.
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> }l'—l_
ey .
Fo L~ ¢
n - 3 E
o \ ra
S i < '{3
= }l'—l_
> > —

dSrermn ek
ava2.16: “EACAAIAAIEYIESZ EILIAIBPA ABAZA
+EAwAVAAUBHA Y B 1o/ A

caf vgAU zAg«gha _ARIAEI 82l EAVe Gzi+UwU 8%, AUdle®
KPAzg Czh zEAU¥EJV _Yiz 2ME U%S AV ¥VPAJAILEN vRI¥ivz,

s CZAilz ««z TAUUBAZ +&8uhniv vgAUUYLEN Yaaé°, i2Av Bidr 9izAiiz avae
GAmAUABAV Bidq AUlvz. F vAV&EL < ARE (echocardiography) JAzA
PgAilivAg.

n  HAEAE My CAUAAUVY avesiEl +8ulwiv vgAUULEN G¥AiFIVL +&udmiv
| AiEgioAz ¥qAid AUlvz. EzjAz gAEAVAIL CAUAAUUYAZ AilPvi, SUEvedi+,
U™ 0PN, Qrf EVAGUY: avesiEl Sizigh ¥qAilivig. EzI CBUY% £ ¥ jAviliAz
orl vl 2iEvegi+z °£ POIVY, ~Ag ~Ag CAUAAUUY%CE UqUYA EVAGUYEA
¥v OZ® &zZ{jU | Pl 3idgivz. F vAva® +&uiwlv vgAUUYL zAPz °£
CAUAA+U%° Z°1 | AAzaAUAA+ ~AUz° ¥a¥°, ivR F vgAUULEA «zAivi
LAPAVUYAY ¥j3wd1 CAUAAUZ avadqAil®l G¥AIELV, AUlvz. F avegil
PAMEN i ¥gzAil® B4Er, §°UzI CxZ4 i¢cag izl F vAVEEA +&ulwiv
za “ARE(ultrasonography) JEAPgL F VAVEEN U8 zjlz Az 0z°
TEBEJAPAI dEAv ZEAUUYA Fivi FEFAVIULEN ¥fAQ. ®F §%, ~AUdvz.

n  QrIAIA°E PRIUYEA Mqzi |t & ¥rU4EAV 2ilq®i +&ulwiv +83£4
84, AUivz. F ¥irAill £Avg 2ifEvae 3UECP CEgzEqeqivz

12.5.1 Rremoo®

. EifAgi(sonar)f «_iv gA¥ Sound Navigation And Ranging (+8
¥YagtCAz @A) ozAdg). +Bulwiv vgAUULEN G¥AIEAVL oijEegia & iUy
z/Eg, ¢PA 2ivi d2Uy CYvAILEN PAgi»rAili® Az£P _EAEAgT JEIRgI.

_EAEAgT ©AU PAAIDE2B>» Avz? _EAEAgT _Az£2 ¥BEP(tramsmitter) 2ivi

¥VPAj JAS Jgqgh AUUVEAWMUEArzA aves2.17g° vEAjigi@Av zEAE Cx2A
°oqVU C¥%2r, AVgivz.
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I
e S

ava2.17. ¥EPeAz AR Al +8bAwivAGAURINNRA § —IAZ AAPAALY ZE

¥hpPal +audwiv vgAUREN GvAct, Cz£ll ¥adg 2iAgivz. F vgAUUYA
ohj£° Z°1  alizae viz°£ 2 JaCAzP 8rzi Ya¥° _lv® F vgAUULEN
¥VAPAjAIM Use vz, ¥vPAJAIM +8udwlv vQAUUYER «ziivi _APAVUYAV ¥j2wdL
JEPRAV whAillvz, ahjE£° +8z @MU CAUE +8z ¥agu 2ivi UsPUY £qi«E
Pi—hac E2WULENL whzl +8uiwiv vgAUREN Ye¥°1lz 2 j«f zEg2£ll PAQH
»rAilgOizA +8z ¥ggu 2ivi UsPUY: £qi«E PA A2C 't DVg® 2ivi 2liza®
+8z 2iU v DVg°. +&uAwiv vgAUal Padlz MIiz/Ag 2d DzAU 2d =v x t.

ajjef F «zAE2EN Yazo 24 (echo ranging) JAzA PgAilivig. | AAEAgI
VAVEEK _@lizae DY alvi chj£° vizogid I, PtaUYL, d AAVUAB«L E£EP,
ajpdiUg 2Rg, 2iidvz @qUilYA EVACULEN ¥v ©Z®k 8Y_ivAg.

mRETH 12.3 : CqVoAz PYx @1 +8ulwiv +83 alizae vii¢Az »Awglv
3.42_PAQiU% £Avg ¥VAiiA—ivi.  2lizaechj£° +8ukiwlv 8z d2 153Im/s Dzg
Jalize v eqvoAz Juh zEgz°©z?
¥jClgA zv :

¥agu 2lvh ¥vOZi«PUY: £gi«E CRC t=3.42s,

.@lizae ohj£° +8z d2, v=1531m/s

+&uhwiv +8@] Z°1z zf£g = 2x @liza DY = 2d

E° 'd' JAzg @iz DV

2d = +8z d= x PA®

= 1531 m/s x 3.42s = 5236m

q :%36 m = 2618m

»AU, 2lizae DVA ©qVeAz 2618m Cx2A 2.62km zEgz°z.
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234:
L d AAVUAG«A EEPAIFAZE GvIFdilz | HIEAGI «ArvUs | Slizae viz
UIqEAZz 1025 U%° »AwgiUivE G¥i clj£° +8z d? 153im/s Dzg D
Uig® Jud zAgz°z?

AaeUvh +3uiwiv vgAUULEN GvFaL ¥aX¥®LEUY: ¥v—iAz giwedhy: PAgiv
vai DPAg2£ll ©igiPiva. avad2.18g° vEAjigi@Av ©Zi A-lAiklY: +8audwiv
vgAUUYA vg Cx2A “"Am—iAz e o1 “"Aa°Uy, Q«AIEN vRIMIVR, YeXRLEUY:
JThaa) faey ygAik Cx@A TAmAIL AE, «zUYER wh_ vz, Pg® CACUYL @ ghwee
ajyAil _AZAg 2ivi DPAg ©iqiPi«PU +8uAwiv vOAUUYER G¥AIEAVIPEY AV,

@

o

ava 18: " ABA—IAz ABOAnivABAUBAG VAGEBEAGA vAECXAY ™ EmEiAz A AoV g A
12.6 2ARERABA«AIRNGRAE
£/al oju PALLPAYVAVAR? £ARY PAY@L  AzAVigia CviAv | APidAz AzE2EN
Q« JElivAa, EzA UAAIR® Mvgz 2vA, UVEACU +8 DRWUYVEL «zlivi | APAVUYAV
¥jawdl +&t £gUY% 2AERP lzinU Z° i2Av @iAgivz. RIAERE Q«Ail +8tz
¥oaaiU  ASAC1z CA+UYEM PYU Zad, Avz.

QTS

ek
wanwy
omT
ORI 3¢

= 3@rac

TIOIP
300 BrRd wgme
D0k Ty

\ oY
- :r,qiﬁs‘mroéd ¢
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2R3 DEID WD

ava2.19: SALABA«AIALEk ~SUBKA
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«eAEA +8

Og Q«AILEN Q«Aik @A (pinna) JAZA PgAilivig. EzA ¥j . gz°£ +8UYEN
_AUse_ivz. _AUsslz +§@ +sstfiviz 2AE®P ©hzh ©KUivz. +8t £Avz
PEEAILCE VViidAz ¥zg2EN Q«Aik vaim Cx2A Q«Aik ¥/£Eg(tympanic membrane)
JAZh PgAilivig. 2iAz2iz _A'AgE@l Q«Aik vAImAIAER vei!zAU Czg ©&g
¥zgz @ik~ Mvg ©ZAUivz 2ivi Q«Ail vimAILER DAVP2AV viidvz. CAUAIM
«gUEUYL ¥&821ZAU Q«Ail vRImAIRER ACRAV viiva F JAWAIIAV Q«Ail
vaimAill PAY vz, 2iziQ«Ail® F PAYEUVE 24Egh 2EUVAZ (wU, CrU®k 2ivi
jPA¥) 2z8EUEYIVR, +8z vgAUCAZ @2z8EUEYLZ Mvq 2vA  UVEN 2iziQ«Aill
MYQ«U PYib»> Avz. MYQ«AIA® PAQAIIACAZ Mvqz VA UV «zhvi _APAVUYAV
8z AUlva. F «zlivi _APAVUYZEN +8t £gUY% 2AERP «hzihU PYi» ~AUlvz.
«hzih ERIUVEN +824V Cxid_ ivz.

cA2AP ARwg iR A

n ««z @ YA PAY [RizjAz +83 GvwAiiAlivz.

n  MAzA “Bv @iAz@lze +84al olyvgAUaAV Z° vz,

n  MAzA @iiz@iz° +8a| CEiPaH ANAQEUYA 2ivi «gUEUvAV Z° vz,
n +8Zz ¥aguAil® +8z +QAiMl Z° lvz. Dzg @iAz@lz PtUYA Z° Ial¢e.
n  ©2Advze +8al Z° _ialee.

g Uju 2iERICAZ Pap 2iE® 2iv Uju i@z 8z Az _AAzeAill MAZA
¥Etd CAzEMRE2EN GAllRiAgivz.

g Jggh CEPE _ATAQEUY Cx2A Jggh CEAPEH «gYEUY: £qi«E ZAgREN
vgAUz/AEg JAZA PgAilivig.

n MAzA @iAzialze AMzse Cx2A Mvgz MAzA ¥£td _iwU vgAUu2
vUZIPEYVI2 PARREN PA—A2¢(T) JAZA PgAilivig.
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+8&

KPRIAE PA®Z°E CAZEIREWY: _ASAIIEN Dw(n) JAZ) PgAilivig. n = 1%

+8z d2(V), D2w(n) 2ivi vgAUz z&g(l) ULEN ABAC 2 «MPQT,
n=In

+8z d22a| ¥ggt 2iAzlz A2 2lvi vA¥2El C2RA01Z.

+8z Ya¥®Ff oAildl ¥vE +8 vl Ya¥®f +8z CPIUYL Yaxe ia
ali e ¥VE OAZA«E® JYz ®ASzAACU AL PEAEUYEN GAIA
ajjgiva aivi Eal ai£gE MAZA 2ivRz°giva,

“AgEAZA £8@£H | u2AV PN, 2UE® +8 2lvi Ya¥ o1z +8UY £qgi«E
Pap PA—A2¢Aill 0.1s DVg APA.

MAZA A "@fz° 8z ¥ifghawdv ¥e¥@®EU%Az 8@l ijgajv

5

GY%Cglvz 2ivi Ez£0l CEAgEE JAZA PgAilivig.

vgAUz UltU%AZz +8z UltU%Az _A—A, vigPv @ivi UAE2ANUYEN
WHAIAECAZA.

whagklz +8P Q«Aik tAJAjP YaalAiLEL vigy JENRQA.

MAZA KPRIAE PAvaS ¥eae PAQiU @AziCAAUR® MIA +8z +QAIEN +8z
wA2ge JAZA PgAilivAg.

AlfAUiE° 8t +8z _gh_j 3tz DAwAil 24! 20Hz-20 kHz

+&t 241VAV Prai DRwAills +8z vgAUUYER 'Caza' JAzZE 2ivi
o7k DAY, vgAUUYER "+8uAwiv za" JAZAE PgAiliagi.

+&uhwiv +8a@l o@2Agh 2ziQAil 2ivA PIUAJPA CEAINUYEN 2EACZ.
CEAEAgT vAVEEL _2lizae DY 2ivi chjEAYVGER UlqUyd, PE2UY,
d AAVUAS«A £EPUYA, 2iAdIUG 2RgUYi, 2iividVz @qUIUYEN ¥v ©Z®l
G¥AIEAV _ivig.
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10.

11

2

+§ JAZGAEA? Czi AU GvwAiidUAvz?

+8z DPgz Pwg UAKAIA® | ATAGEUY 3ivi «gHEUYA AU GvwAiiAUiv3
JAZI avae | ClAiltAZz «3f1,

+8z ¥agul BilzPiz Ca+Pv Ez JASIZEN MAZA ¥4HEIUCAZ vAEAf1.
+8z VgAUBEA ol vgAU JEBE PAgE34£L?

Pv® PEAUAIEAZG £ VAR E£° 03 li»VE +823£4 Ulghw, ®f +8z Aiid2
UIt3 o3l | CHAil Sidqivz?

<HAZI BV UIQAUL KPPABZ® | A" "«1zgh, «iAZi PAt1lz  ® | 3Aiiz
£Avg UIQAVE +8 Pi%_ Avz KP?

M§ SULIUE +& 34/} 20Hz oAz 20kHz. UABAIA® F  Jggi
DEWUBUEAVIEPAY +8 vgAUU% vgAUZAQUYIA? (UABAIA® +8z d?2
344ms?)

ESgi 3Py COMEABAIIA PACAIL Jgq/E VACUY%°ZAg. MEEA PeoAz MAZA
VAGAIEN SrezAE. EEAISE Q«AIEA vRI¥Ia +8z vgAUUYA UABAIA®
v DEFIABAIIA PACAIL® Z°, B VUZIPEAR PABUY: CEI¥Av PAGA
»r —r/li s

+8z DPgz D3w 100Hz Ez/ MAZA a«duz Jud ~Aj PA}.ivz?
+83 “YOE ¥Ya¥®Ez oAIRIULEN CEA j . AvZAil? «3f1,

MAZA zAgz &, j«oAz +88 ¥ °1zg, ¥Yazo GvwAiiAlivz. Y <1z
i v +83 GvwAiidz DPQU% Eqi«E CAvg 1g@4Vz JAZA ~ A«
7| GuiA+«gh? ¢£zAz] of3 ¥azoAlEl Pivid«gh?

+8 VgAUUY: ¥eef®Ez Jgqi YABAEIVE CEAIULELN wis,
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13,

14.

15,
16.
17.

18,

19.

20.

21

22.

+8&

500m Jvg«gi2 MAzA UEi¥igz i adz MAzA PREA Czg P4 AUz °£
PEY:z oiJ£° CAQ. olgi a2 +§ (splash) S AUz VACAIA® AiiA24U
Pivvz? (zv g=10ms? v +8z d3=340ms™)

+8z vgAU3 339ms? dBz° Z°, dvz. Czg vgAU z#£g 1.5cm Dzg D3w
JUA?. CzA +&t +8§34?

CEAGLE JAZGAEA? CzEA CAU PrefUuss, §91z4?
+8z VAgv JAzZgAER? Ez4 AiiAR CA+UY% 3 CA®AO1z?

“AaCuyd +@udwiv voAUUYLEN G¥AiIEAVE CAU MAzA ~ AmAIAEA
» FAIv3?

. ZIUAES, APAIA® +8LIAWAV vAUUEN CAU G¥AIEAV, ~AUIBzi?
L HEAEAQIE PAAIAD «ZAE BIvi CEAIUGEN «3f1,

d AAVUAB<«A EEPAIACE | AAEAQT (AzER PYi»1z vgAUUYA 55 E£Avg
Lpj ®qgivad d AAVUAG«A E£EP—iAZz 3 A«U Egi® zAg 3625m. DzAU
offE£° +§ vgAU d?3 PAQA»r—ij.

+8UAWAV vQAUULEN GY¥AIEAVIPEAGE ~HACz UnAid°E zAAUUGEN
Ol PAQA» rAii§2IzI? «3j1.

AL O«Aill AU PAAIAGR3D> Avz?

KA A K



