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FOREWORD

The National Council of Educational Research and Training (NCERT) is the apex body concerning
all aspects of refinement of School Education. It has recently developed textual material in Physics
for Higher Secondary stage which is based on the National Curriculum Framework (NCF)—-2005.
NCF recommends that children’s experience in school education must be linked to the life outside
school so that learning experience is joyful and fills the gap between the experience at home and
in community. It recommends to diffuse the sharp boundaries between different subjects and
discourages rote learning. The recent development of syllabi and textual material is an attempt to
implement this basic idea. The present Laboratory Manual will be complementary to the textbook
of Physics for Class XI. It is in continuation to the NCERT’s efforts to improve upon
comprehension of concepts and practical skills among students. The purpose of this manual is
not only to convey the approach and philosophy of the practical course to students and teachers
but to provide them appropriate guidance for carrying out experiments in the laboratory. The
manual is supposed to encourage children to reflect on their own learning and to pursue further
activities and questions. Of course, the success of this effort also depends on the initiatives to be
taken by the principals and teachers to encourage children to carry out experiments in the laboratory
and develop their thinking and nurture creativity.

The methods adopted for performing the practicals and their evaluation will determine how effective
this practical book will prove to make the children’s life at school a happy experience, rather than
a source of stress and boredom. The practical book attempts to provide space to opportunities
for contemplation and wondering, discussion in small groups, and activities requiring hands-on
experience. It is hoped that the material provided in this manual will help students in carrying out
laboratory work effectively and will encourage teachers to introduce some open-ended experiments
at the school level.
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PREFACE

The development of the present laboratory manual is in continuation to the NCERT’s efforts to
support comprehension of concepts of science and also facilitate inculcation of process skills of
science. This manual is complementary to the Physics Textbook for Class XI published by NCERT
in 2006 following the guidelines enumerated in National Curriculum Framework (NCF)-2005.
One of the basic criteria for validating a science curriculum recommended in NCF-2005, is that
‘it should engage the learner in acquiring the methods and processes that lead to the generation
and validation of scientific knowledge and nurture the natural curiosity and creativity of the child
in science’. The broad objective of this laboratory manual is to help the students in performing
laboratory based exercises in an appropriate manner so as to develop a spirit of enquiry in them.
It is envisaged that students would be given all possible opportunities to raise questions and seek
their answers from various sources.

The physics practical work in this manual has been presented under four sections (i) experiments
(ii) activities (iii) projects and (iv) demonstrations. A write-up on major skills to be developed
through practical work in physics has been given in the beginning which includes discussion on
objectives of practical work, experimental errors, logarithm, plotting of graphs and general in-
structions for recording experiments.

Experiments and activities prescribed in the NCERT syllabus (covering CBSE syllabus also) of
Class XI are discussed in detail. Guidelines for conducting each experiment has been presented
under the headings (i) apparatus and material required (ii) principle (iii) procedure (iv) observa-
tions (v) calculations (vi) result (vii) precautions (viii) sources of error. Some important experi-
mental aspects that may lead to better understanding of result are also highlighted in the discus-
sion. Some questions related to the concepts involved have been raised so as to help the learners
in self assessment. Additional experiments/activities related to a given experiment are put forth
under suggested additional experiments/activities at the end.

A number of project ideas, including guidelines are suggested so as to cover all types of topics
that may interest young learners at higher secondary level.

A large number of demonstration experiments have also been suggested for the teachers to help
them in classroom transaction. Teachers should encourage participation of the students in setting
up and improvising apparatus, in discussions and give them opportunity to analyse the experi-
mental data to arrive at conclusions.

Appendices have been included with a view to try some innovative experiments using improvised
apparatus. Data section at the end of the book enlists a number of useful Tables of physical

constants.



Each experiment, activity, project and demonstration suggested in this manual have been tried out

by the experts and teachers before incorporating them. We sincerely hope that students and teach-
ers will get motivated to perform these experiments supporting various concepts of physics thereby
enriching teaching learning process and experiences.

It may be recalled that NCERT brought out laboratory manual in physics for senior secondary
classes earlier in 1989. The write-ups on activities, projects, demonstrations and appendices in-
cluded in physics manual published by NCERT in 1989 have been extensively used in the develop-
ment of the present manual.

We are grateful to the teachers and subject experts who participated in the workshops organised for
the review and refinement of the manuscript of this laboratory manual.

I acknowledge the valuable contributions of Prof. B.K. Sharma and other team members who
contributed and helped in finalising this manuscript. | also acknowledge with thanks the dedicated
efforts of Sri R. Joshi who looked after the coordinatorship after superannuation of Professor B.K.
Sharma in June, 2008.

We warmly welcome comments and suggestions from our valued readers for further improvement

of this manual.

Hukum SiNnGH

Professor and Head
Department of Education in
Science and Mathematics
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(i)  wawL sa-l wgl (a9 seurdl 53,
(i) Al AU UL dlsaRL 53,
(iv) el Al Ao adlel 518 ugld 2 Rigial doudl 2513,
(V) Hueel A8l Halel 80 2t def qgds i, AR ddi3 aid.
(vi) A 5 dd alsaold sAi HalRdl s1oyds s tyds Al
GuyldL 53,




(vii) daldA wuL 52,
(viii) 2lsALSYAs BAELs 52 A AL
(ix)  Yotui 4o Sl HE 2 419y ST 254 AUl v,
(x)  uReussl 2isasel a2l 53 2 dsdl Ao s 2is ARl 1ld 52
i AL ALSALSAL i 4551 53,
(xi)  uReuns 2dued 59, Rigidd ASIA 2 dRY dvl 14

(xii)  ALel ALELAL @Al A90EA HIS Q10U ALHrA oL, o, AUl %L YHIRL 53,

1 1.2.2 QAU Sl

NN NN

ol AL (2llotrlR ) {12 Rudd elstdl Ml A dl deidl WS st sadlssla
Sl Qs 2l

(i)  En (A9 Al 2 agdd Hus 2l vl olifasulbid du- s2.
(i) adis Adidl avid 120l sHolg A4u2.
(i) uglR Q2R Aladdlyds sadisd iR,
(iv) €35 vadls 2adat Ad AR auid Yrialdd sl sddisul siadl 2148
Al w2ldl wsi 6.

1 1.2.3 [ Slac

ol AL (2lviez) {12 Rudd suotdl Al A9l dl deii Rst sl [Risiy 49,

(i) wAloLrl ALHr UHIRAR URIotL el

(i)  BRalirdl 2] 02, vt w2l [ed WRuA 2R dun AREaA 53 €.
(i) 610, deud, [Rgdudie, usiasl Ba-l B 2oy 3l 219 d12 gL sald 24
(iv) AL AV B3 vt 4104 UHLRHIMAL GUAIOL At Yoy YHIRIHIUAL wdgollz]

29249 A, SIR.

1 1.2.4 vRALY 51U

ot AL (vAr1R) {12 22U Gl Bl AL L dvlMl viecle Slaeadl [@Qsi 29l

(i) WAL HelL &g, AL, Guddil dlid 3o, Rigid, adis sél, dLeidl

2 yReuuHl 419y 29gid.




(ii)
(iii)
(iv)

v)

(vi)
(vii)
(viii)

(ix)

(x)

A ELall uiglnl aesi-l dioy st AR %gUd.

UGl a5l A8 244 %32 WRUA Al AAdls SISIHL AU 1sHIH] ik,
(3201 ustagueoinl AL Hius-l «id auid 4194 Al uglin x4u2.

210 wHRLA Rl uReuMHAL 410y 1els vis, d1ou s, sHL, A5
UHIRL A[Bd AU 52,

uReuAl ARl il s2.

ALl Hulsiild] 29gld 52,

RASAL 2el512 3 2iacll512 529U AL Al A1RiAL

~ ~

A8e adisl, Ml xadl € 2Udri 110U vdaed 530 dRa HAd 24

(Y

53¢ S1MO(IRIHL el AEAL HA A5 sald.

A £9dll, A, HeTerl el ABAUHSALAL [U512¢ 474 A2 500 Fa Slaredl vilal,

I 1.3 weibtis sein @hee Sqil

WL 5L [ Sl a3 wiEan 2A[0Rd Buia Slaied 21 Ganiled 2A[01Rd

guild, Slated aoilsd 53 wsid 8.

1 1.3.1 ulZul v[@aRd svua Slaey

2L (2ot )1 WABLs stHl wiEal AR guile Slatedsil [ $30 sty o

d AL olotdl M2 q8H SlA.

(1)
(i1)
(iii)
(iv)
v)
(vi)

(vii)

NN N

ol d 410y Asil, Alhstl, AHAL 1AL ULl 52 214 dd A1y Id aad.
Al A1 41y I 511 53

Al 242 2 d-l Huleliia 8 2 def R 2.

AL Gualal dlfd Rigid/H avl,

elsd Al M2 AARRd A5 AR Sl

ol %32 U cul Aee/B3a vusla/lagd uRuaHl %9 v AmFEadal
25t el

WYL Sl UL Q1o dLisar(l 5.




(viii) AL, AL 244 0L s10%Yds Gualol 53,

(ix) Adistl U 2442 531 A5 dal UR6OIA 2000 2 d-{l 2AAAA B2Lal HIZ

A9y HIUAL 53,

(x)  5109d ML 410y 35U, AlsAS 2 2Aldediyds wdlaL Yl 53,

(xi) HOAA HUBlA UAMHL Y 52 A AU UHIRHIY ue 53 Hloy
YHLRMIUAL Gualol 531 2udut glR.

(xii) “lifd Hled], 2AadisHl, olRid] 2 €3¢ AL w182t U] dIR8L
Had,

(xiii) wddL sMuA Asndd Rigid, ugld 214 AlaAdli-A Gy Jd
wddld 53,

(xiv) ALl 2440 5304 d-l Yetollsart s2.

(xv) waanal sidugld 1zl wiied HioleBisia i,

I1.3.2 couesamnfia oA 51

2L (2l )1 WAIBRLS S1AHL Beule s-2A[MR1 R 29Hd Slaesil [As11 53]
sy, %l d 1AL ololdl HI2 A8H SIA.

(i) WAL AUAAG AL i AIHALAL %EL YEL ML LAV,

(i) wdloLdl 3uURvilL AR ALE-LA dllsd.

(i) AelsAl QB 29 gl MURdlA Al 244 uavisly 2aal ailous
[sama-l fas yl ui.

(iv)  wlem, dRldZ] adiR-l Gualal 530 el Ugldu 2% 52 A
A8 Aadlsla 216500 uR6N Y 5.

(v) ifd sadisdia adllsa 2 adeed 530 uReusA ifad a3y
210 i

(vi) WAL a2 2R RS 15 3 216512 52

I11.4 waps Al

£25 WALl i[an Geal AL 3 215d2] Ad edls elilasulinal yeud il 1l 9.
el UlBall UL qewml s2dls UM BIddl dald 8. AR [Adid SIS Wud i us
A8, Fedls UAIL g2l WU ofllasulBid 21 WAlBLs Hed del WilBid 3 1 yeu
sl seld HAdlL €IS Ad. 4R S 1S cllasulld WABLS Aadis s2d Hed 'a' @A

dd WY 4 g, O. dslad (a —ay) = e L HUHL 20dd AR 58 B, a,) WY 4




Hieledl ARild sl el v 20l AR e - [Mua Hew slid 539, 2454 el dH 9l esll
AL HeUrll Vel Haddl Asd 6. ALAL HellFd Yeur WABLs AR 56 8. Wu--l

-

Al Q8T HIU AL Ay Hunl SUlRLs Yol vhadl Adn I8 AR Beatd .
WALl dptaTiid IR WRRUMHL 2idd] Wby AL sl s3 asia 9.
MBI A Hed 21 wdiBls dd Wi yeud qal Yeusil Aws ds oy 9.
Al 3 WP Heuall WAl yeudl Amsdid Wiu sald 9. ofly oy, %l 518
AlasAML SsL 215 w53 5304 yraalid Ad wuaul 20d d, 1add yedl
ws0(longdl vl SIS A, i saldl 2l WABLs MBI [Ed1R 21 UdldL 424l
Al 2Alscdied Hu ald B, Al [[AcRH] WABLs Yeurll aldl Hed atid A5l
ALEAAL WAL, 2H, AU, 24 AL5AULS 6 A2l v, ([[oladl) €9, 1AL 1 AL

~ .

yeurfl s WU U2 AsAS 2 WABLS WRlHL daidid Wy sald 9. 2id ual
sy ol A3 5 AlssALSYU]L Aodd WAIBLs Hildl seid 4l « L ¢, (ol asll
ol AafRd ARV %R Sl dl) HeTH Feldlrl QAL Hely d ALHAAL QEdH HIY
Al ALAL .

WARLS AR 6l usRHl adlsd 53 wsid. (a) AARAA (b) AHaARAd. Hald
AR Geotaainl s1REL (i) vitHlsa 18 (Fll 5 alFur Selluai-l 9= 21[2) (i) wdlol
sall-ll vildl wgla 244 (i) wdlol s2UR @S-l lsaold vil, alRad Al ¢l
ALV 9 5 %l YHIRL Aol uLdl Astd © A Rigid-l 2d d e 30 astd . sedls
AL dafRud s RHL (i) widsles 24 A alyr Sdluaai g-u s\
(i) ‘dla As1AMS” (backlash) AA[2. 2R HHSRSUAL 2571 UAH 5 [BHL 2 Ul
wo [2ouni sclA 2Addis Al 21 AR UEA AAdls WIBR L Fad1] HAdl
2dR Sl 29 €l 9. AL AR [HaRdl 2 215 % [l 326l vadis Hiraui
2d. (iii) ol oAl 2adl S35 yrRau Usielld ol Wuugl U sAR d
UL AL Sl IR UsLAlA ALE-L A2 A1, idR g, el A1, Hew Haadl d-i
dsladstl GUL 5 oteoitsl w33l 8. (iv) % Aol YL 1 2 AARA A2 2120 2l

1A, 3l0L 24200 28 o Il YU UV WA 9. U, 2dvis AR A[RYsd ot ©.

Sedls NAPLHAL WRRAPMIML AdRad AR 8 3 <3 d dldal 12 is % olilds AR el
ogl Actell Huai 209, % 315 % dilasuliL yeu o el gel Fadl Hadd €y dui
vl Y2l dsldd $ld, dl dHl ald A2 $laidl Aena-l . wdllbls Yt aalad
AL qARL wedl ual AR HRAd 6. 2AUdl aldl (ousl wdl) AR 5 Pl Bealdl

£92l Wl asicl el dun AAaARAd AR ¢ B, AalAd AR MRl wsidl <4l




2 AR AR AlssU e Aaadll 515 Ad Al dx ol d-l Hiodl 25 o efllis
AR 25 % ugladl 5304 530 (ARAUR) 2Addls @S seld detdl As 8 i e
(i, AR He dadl 2ud . (a2 [@ad “ie Physics textbook for class-XI
part-I, chapter-2 NCERT, 2006 %>iL.)

UARLAOUHL UL $cll dvid el el deny HudllL gel Yel Uil Heeal el
ogl G5B HuA s2ML A B, F AlHA 43 WU S2UML 20, €1d, deil
AT WY Sl HUA HEAHE AR AR A Sl dd alwelluel JiFl ddimi 24 9. A4
a3 18 A4l wuidl icl Ael AL AHY D AL gy Wus Hedd AR dls

AUl U 6. %l AR WY HA Ay dld i drl g Y2l 8Ty HUAOL M o4
WUl Had Het A € dl,

A=(Ayta)

a
2]
A0

=A (1 1)
wul £, Al Hen wda Al sdaunl 2ud 9. ddl ¥ 2ld, ol Hid AR B
CTERERTRIT RITEY]

B=B,(l+f)
gd, 515 2ARL AR S Z, AL 32 gl A i B AL Hiud Hey uRell aidl 530

A dl,

Z=AB

¢d 2UuRl ARl 53¢ Z AL el BeMadl g AL (Aaa Hed AR)~HL
oAl st 2uusl @vil aslat 5,

Z=AB

=Ao (1 ££)By (1 ££,)

=ABy (11,2111

=AyBy [1 £ (£, £/)] [ £, 2t £, @il Aiefl 2ARAL €14 dl daedl dRUst2 £ £,
2180l 251U ]

wudl Z~Z, (1 £ £)




il ZAl Yl Geatadl iRl £ Hedu yeu |f + ] %24 1S us.

ol o119, ot ABL Y ~{lA-] Jd 2l w1, dl

_ é _ AO(lifa)
B By(l+f)
A
=Y, (1+£) (1% f)! (-.-YozB—gJ

=Y, (1% 1,) (1= 6+ f7)

=Y, A+ f£) (1% f)

~Y [l £ (f, +£)]

HAUY =Y (1 £f) WL f, =1, + [y

ol Yeil iRl e #ils AMBddL £ 2 |, + ] o 2l 24l AL S Hern

QLS 2Bl EHL GHAA €9,

Q81 24Us (301 L ARL P 21wy ABAL x, p, z 4912 U=l ot P = x%bz¢ uel agll

st ot P il oteiall suadl Henu e AR £ A et glal 2l asi.

Sy = lal f T 1bLf, + el £
Al GuRel %S st © 5 AR P Hi Geotadl vder wla AR £ wer widl s
clllds l-l wle AR £, 2 A3 Yl dM-l 8ld @, b, ¢ AR U ULl 2R ©.
ol % olilas AR i Al R €ld, d etllasfAL Junl e AR g
gldl ¥, 2l d-l sl |a] £+ [B] Sy Fle f, wgaR Wwse AWE AR A
AULASHAL YeUrl FNALS 6.
g 2Rl AR Vel 202641501 (Hadl WAlBLs 2A2)<l aRidl s 5 %=l yoAnl
el olllds WAl WU 53¢ S1d del A+ Adl S,
Raldausdl is 4oL HiLay YelAddl Aot g2l 218l asia.

Mgl
Y= s
Ul M gdMid, g caiddl, L 2 dordiR 114698 HR1ddl Hicrl Al dons & %l

YeloUsS b e 2L 7 €9 A § L AM0ml A Blaer [Raumial ds (Agal Ad) 5 %
6L €941 UR HIHIR UR 25l Wl [Big U M gl dastadl 1oL 8. (usld 1.1)

8 VRV YUPRIML gUHId M @Ml 1 kg daldl U 9, A1 Id gMLAHI
2ALSAULS 1 g Sl A A LS A, drll 2ol 2L Ud 5 gemid HIUAL HISHL AHI

. ~\ . 1 ~\
delvd agdy W 1 g . 2uel, Ailas AR £, f AL £, =1 x 107 .
g




HIRL 5 ARAUAOE Hed g =9.8m 572 89 2l d 51 AU A[2 Huad el il
gl 2R AR A lu. vied § 1 =0, agl AL dons L, 1 m el 2 d
1 mm = 0.001 m | @8ad WY 4ladl - yuglHl qeedl Hidaul 2udl
6. 0l dons LUl vadl 24iRs AR £,

_ 0.001 m
1m

1 =1x1073

uedl AUl USOUS b W3 5 cm V. % 0.01 cm AR MY HR1AdL alHuR
sefludil meesl i 2ud 8. dall, 2110 AR £,

0.0l cm 3

(= ——— =0.002=2x 10
5cm

d o Fd, AL A4S d 2 0.001 em A8y Hudlol 530% -1l Budlol 53¢
9. oL ULl %8185 0.2 cm ALl U9 dl,

0.001 cm 0.005 = 5 x 10-3

= —-— = . = ><

4 02cm

2ldul, ds 8 % 0.001 em A8 Hualon 2zl Heedl Huami »ud 6.
% 5 mm é?ltl, dl

_ 0.001 cm

= =0.002=2x 103
5= 0.5 om 0.00 x 10

g5 olllcs AERHIHE AUa AR oRidl elle, ¢d Ul Y Wi Al Aexdl
3] 5304 dl,

L= Syt (D fe + G+ (D S+ G fg+ (D

=1x (1x10*3) F1x0+3 x (1x10*3) +1X(2x10*3) +3X(5x10*3)

+1x(2><103)

=1x102+3x103+2x 102 +15x 103 +2x 1073

waAdl £, =22 % 1073 =0.022

12l 2154 A0a AR (AL 20AL5A1S) 1, 100=0.022x 100=2.2% €9, 243, Al & URL
Mo 412, Yo oLl s34 W el HedH it AR fH1 gL el Ueldl Hed 5 fy
311, S 3 AL £ vl 10U AR AU Herrtl s3] €lell BSL. A, 1 oot LS 5 el
uie{l 51 AR viot o AL ot L 2n £ HEL Mot d e (2L AR 155l . 8
21q, 6t cll oflow AR WA A2 6l . 4L 5120l % ol L Wur HleL qgdy
WU (0.1 em)altofl Huugl ad iR Al AR g 245 S MU s 2590 21 8022

~

od HMAME U9 B, 5 Fue dgH WY (0.001 em) € dal % olilas AR Yotui sid




e e k-

A qd €l ddl efifis AR Fdl 5 d 24 L a4 s102yds il

S agny Hudlo A8l deeell Hiudl s,

dletetatdl wddl seels olilas AR WU ilan wlReuw o
Gl 69, L HIUE Hed v AL T WAL uReuM sdaid 8. uReuss
%Y Sl sHAL oA AR olloldl 3L . duil Hiud Hed, uRRIHAI
el A0ALSAULS (AL WABLS AR) AL d 215U § FUi AR 2% 53¢
£, 21 Zld WA YU A2 A dril 4104 B5H AR, Hed + AR (3154)

M ~ . Y NN SN SN c S\
A3 Y SAAML U 9. HIRL S URBUH A £+ a (¥i53H) a3U Al 9.
o A EEY NN . . ~ A Y ~ oY .
2Ugld 1.1 2 6iA B 2012 w2 2534 Al e2lld B 3 Her A Hi il 258 -1l 25 ML U D, Ui A
’ augril Al M en Ve @ 6l ViSL . AU YHUAUL AL AVULAL 6L 215 ML A5

azsladl

5 ol [QauAdludl oasildl © 5 FHi uaH vis 5 o §A155 9. N,

ol % [ua{la 150 AlRd wan 2HBId 215w A9 s Aval sdad . Wld
Yeuril A1ds 2isl o2 A1 oit Gl €ldl A RAfRAMSAAL 4oL Wit Yadd
BelsRAHL Y = 18.2 x 1019 N/m?2 (sot{l 530 U]l WSl 2u Y+l ol

~ N AY
530 B Hed dwiAL) viA A2 Ea Iy

LAY = fy Y
=0.022 x 18.2 x 101ON/m?2

=0.39 x 1010 N/m? odl AY widiBis A2 6.

2l Yo 2% s2e-d 4ed (18.2 +0.4) x 1010 N/m? €ld, A5,

D

I1.5 AEOIRLS

UG HLHLR YR AvAILAL AOIRYH (a8oLRLs) 2 ald-dl AvaL © 5 %l UL d AvdlA
dedl ald dls 2% 53 9.

A a* =N ¢, dl xi gril 2UHRHL Nl q8218Ls (APIREY) 56 6 2t d- log, N 2ld
2% 504 (log N, aeil 2UHIR YR ¥ d21d) sivial d15 24 = 16. 212, 16+1L 2L 2412

U2 log 4 Uld A4l log, 16 = 4.

A T, SUURL 10l 2UHRHL 2UdE] vl dgotRls (AlRUH) Gualoml as
el 246 log 10 =1, log 100 = log 102 -l d 46l 101l 2UHIRHL @8Ry (dBiRax)

AL Fld Jog a3 duiy 9.




(l) AU dgLaLs (AURyuu)

ALULAL dgoLRLs (ABLRUM)UL 6 eldL E1Y 6.
(i) yellal (Characteristic) : L Yells alaL 8. (A4 gedl v)

(i) yi9 (Mantissa) : 1L Y2115 o111 9. 01114 d i ugldHi sl
2019 9. (2yelial eldL dHal A €l B).)

(ll Avai-l yala (Characteristic) ¢t 3l 2ld 55l sl ?

yaifal elaL AvULAL Hed U BUHR AW O 2 d 218 Rl 22l
A58l 2l 2id 8. 25 sl HL Wl Wi, yaia Rgs 2 eaia Rugnsdl

N o

316l el1og idal isiel Aval sl s L € O,

G

25 52l il vl w2 (3ed 3 saisn vyals), yailsl sel i 9 i salisl

N
~ AN

Rt 24 U 2is a2l gl Aval sl s adR ¢l 9. elval dils,
vl yafsl,

430700 H12 5, 4307 W12 3, 43.07 ®e 1
4307 M2 0, 0.4307 *e —1, 0.04307 W2 -2
0.0004307 12 —4, 0.00004307 *& -5,

0L yalaL ML A 1,2, 4, 5 3d @vii 9 44 612 1, 602 2 4912 3d 4 9.

11.5.1 2>yl (Mantissa) Gt 3dl 2d 155 s20 ?

~

el GURL Yed vis A dril $3 U UHIR ABL D 2 218l Rl 212

Aol S1d B, %l 215 i dedl $H AHIA SIA ol YR ML AHIA S 9, U]

™d ealial g 2ae oM o Sl

agoLals (ABIRYH) S5 1 24 2 Widl i, 266-269 $5d 2iyalial el >0 8, d
ALY T A1 2150 AL AvARBAL HIZ O 2 % AVAML AR 215 Sl AR
5 H1Adl S, dl detl yeilar @iol 58l sul elle de AR 28 Yl AG His
AL A1 9. 21YeITa oL A58 5241, 2otddl Guatlol 1AL 30 Au] AsA.
(i) Ul Avalel Yam 6 Alds 2is) 2oiadl Al 6l ool Ml § Fui

10 244 99 a2l 315 & dMi AL 10 5 A=l vl 112 >1yR1faL ey

qorel vl 10 o3 il Haqaiui »id 6.




(i) AHEr il Aol Gusl el {12 Yorot Qv a8,

0 1 2 3 4 5 6 7 8

% 20 ArlAl H{lon s HisA 23U B,

(i) 9 el ool et Alal AEds s AU Avail {3 oo, 2l B,

1 2 3 4 5 6 7 8 9

BELSRBL 1 : 278.6+1L d8LRLs HALdlL.

gated @ vl el Rl sioll oy 3 sl 8. 2], d-l yala 2 9. xyaifa
1551 52l H12, elal g 24018l 4 Yoy Glowl Al 27 gil. 8 Hi2 dA-l
12l GuaHl Ml il 27 ol axEilaes Ad wuell ooy 24 8l [BRide [RBami
{12 g AL AL . vl T UL HIL B d [big WA 4440 @ridl €. 2L 278
Wzell Ayia 9. ¢y a8 AufElay Rl 20000 48 2 dsladsl siauul 6+
BRldor sianni 1A il dud 9+l »is Hadl, 2l 2786 2 Hyeifa ool
4440 + 9 = 4449 2.

2112l 2786711 AYUS 2.4449 (AL log 278.6 = 2.4449).

BELSRB 2 : 278600+1L d8oLRLs Hadl.

oo 2 AL ALALAL YRI5 A HYRUTSL GULOL BELER —1 Hosot AHLA % 23, 2AUE UUH
A2 A5 il vyaiia eoL aleal-l 8, e, 2l Sedl 6l 9wt 1a1e]l Al

= log 278600 = 5.4449
BELERW 3 1 0.00278633+1L dgoLRLs Hadl.

oot @ il Al yoifal 3 8. 3% salisl Pl uedl 6 9wl ©. AU g5 WAH AR
A5 2i50 IS 2yRlls el ] st e, Ul Deatl 6 vis (33)4 21010l ws1d
el 2786 HI2 el Gl 4449 9,

~. 1og 0.00278633 = 3.4449

AU AVUL 4 ALLLS Vis 5l A1 Bi5 HAA] €1 A1 A1l Beell 2i5 5 Fedl Al
59l Hi2l €l dl, d 2isl $16il ouogel ddAl »is 215 a4l gaiedl 2 d % d D2
S5 AR A5 vis o118l aBl i Yl 211010 Qe 24 A Bel 215 5 5l Al S dl A
21901811, el Fd Gu-l GeleRAML AHAd8A B,

ol 2AULIL W1 AvUL 2786.58 €1, dll 9¢eell 2is 8 9. 21l UL dll ddl 16il el
215 QLA 6 5L U3 2 6 31 5 sl Hi2l glauell 28l d udaixdl 2is 62l 7 524l Ul
2l 2787+ @goLRLs lAdl U3,




11.5.2 ulaagaas (A-2dURex)

AvAL 5 %l AgLRLs x Sl L o vl Wadgals (FLldBiRYM) seald 2 d-
antilog x <% salicud. i, %<l 2d log 2 = 0.3010 d<l 2d antilog 0.3010 = 2.

BELSRB 1 & % AvUl-l d8olRLs 1.8088 €1y d vl ML

NN

gL 1 3 v g Hie sl wladgoisdl Gudlol 531 wslal 5 ¥+l Gualal

2yIfel GLAL HI2 U 9D,

(i) GeleRel 140 2yelisl @121 0.8088 0. s16il siiogell UuH 6 35 0.80, »{lo%l »is
8 it Al vis 5302l § O,

(i) wliagos (AL1ARIRM )AL 2ol uddl RIRdol slaHdi 0.80 il
drfl 21 AxfElAy vuHE 8 BUR Gld, ddl SlaH-l ¢RANML Aol HA &l
2N 6427 HA D, d-tl 242 1 44l 5 0.808 2yaial W2 AL 6427 B,

(iii) 1010 Qi 24l A AlA $ANHL mean differencertl vil-lHL S4B o119+l

8+l 1A, ol ol 98 Ul 121 25 UL 9. 241 124 642741 GHL 2UuLIA
6439 HAl. &3 0.8088 yallal GOl HI2 6439 AvulL HA D,

(iv) uRieL 169, AL vis 5l 25 AHIR Fedl 215 %33 Aval-L yals euai 2%
53, w2l %33 vl yails ool il Aval = 1+ 1 =2, 21l %33
vl 64.39 vied 5 antilog 1.8088 = 64.39.

Gelgaul 2 : 2.8088 il Ai-dlellol (wegois) ok,

oalot ¢ yolls dval 2 Qe saiaBiel wuell ouy s g did RS

)

>4, Antilog 2.8088 = 0.06439
agolals (dBIR4M)-L sl :
(i) log,mn=log,m+log,n

(i) log,m/n=log, m—log,n
(ii)) log,m"=nlog, m
agoLeLs-l cuvl

log, 1=0 (28l a®=1)

1 <AL 5165 Wl 28R U2 log ord 40l 244 log, a =1 (241all, 28R+l Yidil %
log 1 44 a! = a).
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I 1.6 Natural sine/cosine 51825 :

SIS vel- sine 5 cosine & ladl Wi uel Bistlilad [Q8uxl sivesHl
BuyldlL 524l U3 ©. Natural sine 24 cosine 5125 32l [Aeami (2ot 3 244 4, ui-iL
. 270-273) ux U 9. UL A Fd Sl 2 B2 (s00)H1 2utalL €l 9.

I 1 .6. 1 Natural sine 51254l 2dAlS

HIRLS 2AEL sin 35° 107 < 4ed g €. uell, {2 Hower i1 asl asid.

(i) Natural sine 51%25 il

(i) WAH SlAHML g2l 24 350 bl uHEQe Bl duit 520 0.5736+ yeudl
ouBll 6119 % 2 %L 67 AVl O d SlaHML YL dHIR 0.5750 WA Gleil
2d, usdl.

(i) v, 10" 1 %32 Bod Haaasl ©.

10" 214 6" a2l dslad 4' 9. U], 148 mean differenceril SlaHi 4+l
“{l2heAL vl g US dn 234 BHd 10 9. 1 10 Sed Hadd 0.575040 GURL .
2412, 21URLA 0.5760 1AL,

213, sin(35° 10) = 0.5760

I 1.6.2 Natural cosine $1%25Hl AdAlS

Natural cosine 261é-ll GUAOL UM Id % SAUML AL €9, dH 9dl, FH O 4B dH
cos 0 82 9 d eslsdd U2 mean difference 6lle UMD U 0. Belgwl dl%
cos 25° = 0.9063. 25° 40l “Rl- cosine HAddl ML, Had § cos 25° 40,
€05 25°36'=0.9018 Hadl As1d i 4’ Hi2+ll mean difference 5 HOl. % HOdd Hvl

0.9018+L el 2is4id] olle 53l 0.9013 HAL ©. UM, cos 25° 40" =0.9013.

I 1 .6.3 Natural tangent SR 5UL AAALS

Natural tangent 261et, Natural sine 2ote={l %4 o GualdL Al €.

1 1.7 AV E1RAl

AV 2 6L A AL Q2L Aol Rotats 2%2d 9. d 2R wailBls {ldl-
W 2[Rl dlesd sclHl Hee3U Ui © 2 6L ABIL 4R A6it uld O, %1 516 6
allldts AML @ 2 HHIH]L 21U Ml 33812 530121 244 Al WRBIH €U 4L URL 33512
AUl gl ¥cod A 2 bl VUHRA A SSAHL 241D 9, £l UL dH dlasel doils




Bledll IR AL Ll 9. L] ol 21 el A AR A5 2R A B,
WE L §5d 6L A ALUAAL Aoia-l Botlcts 2g>Ud 53 8 dd, all, d AlssA [l
500l scL vl AaH 9. (Fdl 5 oldardl [Ram) aell Hdl qvaidl AdalsAiminl
AU (Bud qaddl, wdoil sadisdidl addidl oz 238 ARIUL Hid:das
ol[RAAAAL HEUL, MU HIZAAL 2UUG AlHA] 25150 AL HIUSEL A AR
2l HedH 2 agau Bud idl asiy 9.

ALHI, D 2UATIUYR YR 2UAUL SR 5 FHL HldlH{le Q212 A1RA £lRAL
Sl 69, A, glAl HI2 {lAAL Ydlal B a9l

(i) Aol A VHIRA A A5l 52 Wdol A x-218 YR 2 2R AdA
y-u18 U Y S

(i) 35 Ad-l (AR 4551 52 A dd Y LAl e U Sedl Hlel AlRY
UL €9 d oLglL.

(i) AW ERAl W2 uHEHY udie 52 ¥R sid 9. el Ad, 2dv U
AL ALl S L HIUrA, AT HIW a9 ALssA WRRUHL el © 5 dl
ALsULS B2, Slg A, ©ell duid, 2Uaui-l a9 WAl HIe 8Ty HiuAL 4oy
@101 (2ylls)ol HUAM TURAL ALAME AL GUIL Fed, Al 21d 9,

(iv) Goleigl uAedll 2 oflol unwellal sdl Ul ddl Yel O, A=A Fd,
(0, 0) L Gofelg a5 Adl U O, U 1 uAedll A Ad 2R A4
a2l Aot gdell 03 Adl Gl AL SIS s Ad M2 dd R elitalsl
gl AR sl 9. ol dd AL Hedist wsd A Sl dd ol ol ol
(Buml Gomfbig uudl Add 434w 4w 2% 52 d %33 Al dd odi d
AL A 23U AL ALl Hed 5l 45l il ABw AvaA 2y

53 dll 20 6 8. €35 A UR AL HELL HIvL ABS AvAHL ¥ vl

(V) x-2g 2 p-via U AL RigHiel ofla A adl dul. e uR els
5 cm id3 Aval dvidl BS. % ABL dlEd Sl dedl 2154 YRl Quil, AisiviiA
dstilis uald ool 2% S32. ved & AvAMl HAY »is Ul saia R ysi
2t et 10+{l 210y alld a3 aell. it Uyl Gur el 424l d1ofl 6oy wRuHl
WHIRHIY URddr Ul Quil,

(i) eRal idudl 1A Yy oflus wqd idu wd Asudd oilds ARAAL
Al 2l d-l Astl quidl BSB. wUAu YR GUR ol e YR dl8d YRy
ugL eallad, A




(Vi) UL A v HAdLAL iely S, AR AL d 64l 7 adisHel
el AB. BBl oL MAASTL AAlML AR AHY saugAldl 33 Yl vadlsl

54 Mal o8l % (AR Yl dal us.

(vii) %l AV a5 Sl dl, ddal AdA]l a4 A% d 66l 7 LMl dlsdl el ugsl
VI S 5 AsHL SUL AsLSI GUOL WAL llevl 32812 il Haal. 2L [RaiRHL
([AeaHl) A8IR 2ddis dl. eludl dls FUIR HedH 2adl gy Bid Haddisdl

Sl QU UM 5 Ay AlssU [Blg Hoaal Al a1 Hadis ddl U8, BHS
agny [Qaddsial (Sm) 2ldal Hi2 dHIR Smedl 2UAWRA AR Adels dal ul.

(i) M Bigiiil 23t u Aoy 2ie §ld 8. 43 Bigrl [l uReuy
2 d WUl 25557 23U €ld BSH 20U S5 Bele dASH § ¥l 4id
BigA © 2a3U, Bigrl vauA ada 2430 2% s34 9. 3(=u 2ug wid HilRdld
Yey 8. dduel X ey’ Rl Biosal 21 21201552015+ Wiy eld 8. o adosdl

R R c

Blasal {1l Sl dl dedl 2ie HUSdlHD 2420185691 a6, afml i usiR-dl
%A A £UA D 5 x 2Ly 28 U AU UsuuLA B, 6{lo Guallowi darl
2ird Aol 5 % GU FAl A 2 HAA O d @, A, B A, X, PR D, %
X-218 il y-218 U ML el el Sld dal Bumi auldl sedls Asuil
+ (X218 U AlssULSL WY y-218 U 52l A1 8.) 4 (x-18 U AU
WY y-2a sl g 9.), o, [ 0. B e Bl B, dd il wmd -l
Jaade 530 sl

(x) ot Wil Bigil s ma usdl, 3(2old d gladl A0 a5 glrdl & pell
dietetatl [Blgail d-l uz 5 dsil A5 2 ouslel eal d-l 2ug6euy w3 d

ASALS AN, el AHAHL 2UUA HUBALAL AV ElRAL 5942+ BuloL 21y €.

11.7.1 A0 UL 6L :

Av 2UAVIAL gl m {2 2ld prvaiRid a9

_ Ly
Ax

Ul Ay 2 y-»18 U dlad olilds ABML AL 33512 O A del 23U x-218 UR dlhd

m

s ARML Adl 33812 Ax 9. sl T 1.240 saledl AR Ax 25 Ay oid-l
Faul a4 89 R elol mel [Rousl 4 gol. ol ooy, % Aysil Rl Ax-l

(oudl sl [As €l (M2d 52U x a8 d¥ y 82) dl sl Hed Bl ¢al. ¥ sl
[ 1340 saida 9.




2is[A 1.2 : i yeu b gl 1.3 e yeu
v v

QUL AU YudrL 2L L URAL 6t % (Bl Hie AHIA Y B 8. Al

51280 Ul T 1440 aledl Yool 2vil usil 835 Big W2 xell UL 3381 W2

yeil 33512 AU HOL 9. 2414, 2UUL 0L HIZ 6101 AU 2 69,

2igld 1.4 120l g W s van du 8.
—

AR Lol OLRIAR] SRl Sl AR, Xt U+l ML Ydil dottSel AviL 24
o Act-l AG [(BHd 2% 52 dr Bl AV de 23U y-248 UL AL 2idAd
(@1oL) =l 27 alo1+dl vteidR] 20 A Ad, slonedl Budui Gl awil s
s A Slal ASA. Lol (B 2 %l S1U dl 248 YL Sicdls, A YU YR
%32 Qv
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3l tan 093U A gldl. BUR A e U AHIA WHIBHIY S1U IR % 3l tan O
gedl S1d €. 2wl 2L AVL 3 2UAUL 3L ollfds Alelsdl 9, s .

gell duid v A § % Goubiguizl AR Al ASD dn oled 585 did:vls 2UU .
cell IR A0 AoiH S Eld Al AUl 6L etllesABIAL 2Rl oted alot-il Gudlal
53 us.

I1.7.2 asonamdisuia [Gigt a1 :

-

Guasil Helul saled © d Yool Y1 UAvHL 2l e35 [Big WA AHIA Hed Hd B,
U1 AL ool as M2 WAl A2l sl T 1540 galedl 1R, 45 CD-L alosi
yeulsis AL A, A" AR (g wid e % Sl

A5lA 1 1.5 :Big A wa sls
—

clell Yol A Sl dal dsil (B, Ul AlssA [Blg el alasil did 3¢l ul. ds-l
515 215 [Blg, WAL el FHE 25l 11541 A [Big Wi as €34 2usls EF-il alol 3t
(Big, A WAl el eld 8. d % d ds Gur Hiidl [Big WAl alon dlddl 112, SR Big
WA st s glrdl B

A Asel 2hd Bigal usls 1Rl W2, dlsdi-l 6dls U ¥Rd Audd 20U
BuALaL 53 AS el d % S0 UR A% BRA 1Y dril U ezl Ysl asid. i eleld
sl T 1.6 (a) 2L 1 1.6 (b)4i Gelsal a3 ealdd 8. uuda 2134+l u£l MM
B89t [Big, A WA 2l Ad Hsl § Fell as-l @l DA ulabior D'A 20l uglui
DA A1 Add evild, A4 2d, lalbiol DA ds-l DA ot 218 2l 1 1.6 (a)ui
galledl 1ol ASALSAL Ad A A 2ridl (R,




»

»
»
»

234 1.6 (@), (b) :uHAQ AU Buadl 530 [Big A A s €Al

v

uggl 211l ugl MM’ i, [6lg, A Wil d-ll Rald A € d d uRetHal sudl.
24141 ulalbiot D'A wel uReMRL wiHal. ¢d MM’ <l R2fa idl 2d olsdl &
%2l DAD’, 15[ 1.6 (b)4i £2ledl WHIBL A0(dL, A0 s BuULd. HAL OLl6ARL HI2
AL R sdalld MAM' v gRL. wedl, siamiusl Gualal s34, [big A
Uil MAM' 2uiid dot GH €12l

GAH il 2L DAC as Gu2 Big A Wl %33 2uals 9. usisdl el (Aed 3
Ay / Ax) 3L CAD asil Big A Wil el gaid 9. Guz-l uglidl Gudia 518
uRL asel s uRL gl gl ellaal Wie 530 sty

I 1.8 weiio s2a sz 2 JAUDL

(1) [aznell waioil Rigida AYLiudl A4, WA WHRL 52l uddi d udloLsl
g 2 de 21434 uglaell d e us adl A,

(2) ALl Ay, sUHL dlsddl ASH. SIS A5ALL L ALY d HIR Gl AL
s102Yds e AlA1] GUAUL Al B AUAASS 2115 S 5214
AL 2g2 Al cdl dd % FAetelR [Alasl Rl U2 dldl.




(€))
“

(&)

Q)
)

g5 WAL, UL sl avid vl el Aausl wd- s

835 AAdls, UHIAHE, HA dl URl, £35 dvid 2ddis s3] dl. [@enal
adls Ml Hied AlssA ALY AU UG, Hl2L @LoLAL WHLHL
wAASL AAEALSA 51811 [AZUHL Slal %33 .

il ure galdl. (wul %32 Sld, Al ayds logarithamssil Guylal
53). £35 A[AL HuA-] AlssAS] ulaer ual 2unl vl 204l
ifay uRsuuui 51 sfaud Aissa1S wlabilid « wy. dadd yReus
1oy, Fld UGS i 51,

ol 954 Sl Al AL AW A8 sl

(S N

uRuieL €Hal d1oy ST sy uled suldl 2 o WAl 242 €l dl d
weL ealldl.

I 1.9 wivo cofinn ziadise Aina -l AU

wAldtAL Aaedisll e 2 uglau-l walbls sida (R58eLs Aieos)Hi i »
WABLS A0 B URRUIMHL 410 2%l M2 vol % Gualell 8. Hddld ddR sdl
AL A {12 yaoeiel HawouHl Gualal a9,

ARl ... YA A, e Yl 6l ...

dq

% WAldL 5L €14 NAloLAL Sl el 2 2lssAusyds saladl,

AL 27 32 1AL

YL $2dL HI2 GuaRML dlBd A8 24 014 sl

WY {2 1AL 20 Gusel, aollsai (AslEus)

WO GUAlaHL dlfd ALt A HuA H2HL el el ALt aolls ealdl.

ug i el 1adl [Qeua-isl (vaa)

oel el GUUL(l Us A AL il UARIHL QUAAA [Aeia1pil 2ureyel quid],




Rugia/Agilas

walold vidold Rigid 2% 521 4 Guadlail dlfid 4ot @vil, Asouddl Asiil
eyl Ml (diRanll #33] 2ll.) [@gdaa qoaldl wdoyuglt wie uw
(e uRua i ustal Hie (Ba weugld el

ugld (YauRa AaAdli A1)

wlotl Al ollsael elUlA wAVR iUl 2ide YAFHIRA Aaddlil
AlBd el el wdlal i ARllotg doissIHL Adidl Hius Ul

A ALSHL

A SlU Al Adelsldl Agell sresla Ad e A 956915 (AL ikl
ddls slol-il GUR, AU HUAAL Al A HY 2 ddsdl (@R
eyl salldl.

d 69dtl, o wAlold wReun AissA wRRAK Fal 5 dlusid, eolrl a9l uR
AHRA €14 dl d UReolAL Hedl el

ABAAI] 211 2UAY E1R4A

el el ARAAL HUE] Brdl YoAHL Y51 2t wgldu duRid3] 520 24 dgolels
(ABlRYM) 2otdstl Gudlal 531 2ure galldl. WaBLs 24+ ad) 520,

ol AsA S, Al URBUH Hoddl LA vi]l Tdl GualoL 2.

yReum

WRABLS uRRUMIA SR diRel 2% 520 (ellfis ouRidml Aldd Ailvus uReuuq
1oy, ALAS s i AU ST 254 dal A AR Aldd 2% 530.). Aull, %l uReuH
alilas uRRAMR v 2R €1y, dl d elilds uRRAR Fdl 5 diumind, soual

4l Bedul 52U

A1l

WAL AR 5L €l LR BRMR AUl H1dd AQAdLIHL Gedu 53,




Ale-u Beaw

WaloL 52l Sl d elRAA Bedtadl 24 Al5dold 2d FABid A & a5 ddl Al
9154, Gt ealdl A dsfl WREUM U 2462 uleuH U 2id ddl HR¥iHL Gedn 520,

Bl ollsalll Hisl v 51280 49l i olls €80 Gedmal 2ud €. qufl, wHloL
e[RUL vadlsmigl SIS v diagll el Addl s1S v HesdlaiiqAl Gedut s:dl.
UHL WAL ALs5ALS AHIRAL ML Heldl, dSelRIl e AlHdd: WARLAL WdisL
Riglan w13l Ad gl Rl 218 Al qel GURlA.




Yaon

EXPERIMENTS p AR

alMuz ddluail Gualol 530
(i) +llell FLOUSIR A AOUSR Yeldel Ay HIudL.
(i) sd g HAAdL FafMd ueldl WRHel-d qud 530 ddl weedl
dll gndl adl 204
(i) olls/ocin/sediRlHler Fal »idd Ansila usled w2 idlRs
A 2 GLeLS el 244 el Heedl d se auad,

AL 27 32 A3l :

alHuz sefluad, ollouslz veld Fdl 5 diasl o0l »adl sl dauliél,

slld geMIA HLAdl doler 6edls 2 olls2 [ ol [ 3dRlHlex Fdl Housily
C

ueld.

WAL AL ARl

N

1. aMuz sdludnl o wvugl Qi 9. 215 yoy quugl - oflw aMuz

)
~

Wuugl 3 o yuy Huugl u A8l A 0. qeu WusH A dFuR Husy

)
-~

el el Hedrll il [AmpiHl [Aeul¥d add €l 9.

wou HIYUZL Al i {25 s3e Gl 9. de ol %[3d wsoll, A i C

WIugl 418 stevel dllsddd Sld 9, Asdl AlFu HuuglHl %ol (B, D) d-

e o, YUl dal gl ugl N uel slevisl €l 6. sdIR doll visoile-

5Al €Y, AR Hud HIWUEL e

Q[ UL 9=l Sisoilon Aid

AU UL 9. wLoll i Higl ugl

ARl AR [ 2idR AL dlgHlielg

K €l V. gl Pl Gualal AU

WUUZIA, Hud HIWUEL U uRslddl

214 9, 2% Sil GuAtioL AHUR HIvuZl

S89d 22 R 5241 A .

2. AAGIRHL QUAL HUUgld dgy
U Tmm 69, 2AL WUl qgd
WY YHRAL (4H1Rdal) d-il
QeI Uel [Aetdl s2dL ek 6.

alMu2 HIYUE]l A Wi sl ASA E 1.1 : aFuz 3
UMY oL 69, '

—




Rigid :

ygla :

Wou, HuAL 315 (Aol Hed (MLS.D.) 2t alFuR MiusH-AL 215 Qo101 Hed
(V.S.D.) il dgladl Al dgdd iU 58 6. % Al a4 Hul st -timd A,
Wy gld 9,
nV.S.D.=(n-1) M.S.D.
Gualomi dlaa ol :
(a) Al eflui- dad =
Yoo, WugusAL ALl AL [eiol Yed

AlHuR Musy vt [@Qeuatdl sa Aval

. c U m m . < - - ~ .
(b) dotert ygla-l ardl = TV 1pp Flm A dd e, 1 a~il douss,

b d-l uelousS 244 4 d-l Glaus €.

~ . TCD,2 . ~\ . . N
() Ul (Wldl) dd s¢ V =2k = — Kool A A lidRs Gl 6,

~

D' 2 drll 2UdRs A i 7 24 d-l 2dRs Bl 6.

(a) UL QNVUSIR HAA LUSITA el AU HIUA

1. aluR Seluaisil ool o8 Avl 3od HUHAL Yl s Hadis 520 d
M2 gL 9 A8 AYSIUBL AU Al ASBL, A 2L S dl, Uisl
. 26-27 UR AL {6l AL BUALOL 530 AR Al AdL SId AR
oLl Hadis Hie Qe oAl LM dl.

2. alfuR Selluaisil % [Actar yua sl 5165 [@AeoL 12 YAold A 9 d gl
A W Sl dl Bl siadl Gualal 52 2 AU HusHHAL s ioR-l
[AetioL 3o, HiusHAL SIS s [AetoL A1 riold A 69 d ML &% erctesdl
AR [Maral e duiRl 2ivil R, ifd [@ouol v dot uvil.

3. ofd 530 25 dal el Ysd sl 25 saaleel gldl s2U. 1AL o AB <l
23 oLl | Aousiz Yeled saciael (sisuel B o33l sottel Rain) usdl s
el 4Ll A1l %ol gl i AYRIUL col dlal ASH. ¢d, sandiael
25 Uos 53 5 el i RAMAME ueldl AL 50 L,

4. alfuR Baril 9urtl SUd @l WU HUHAL WA S02Yds bl A1H
Ad, d Hed HusHeL SUS il [aeuol w1 Ayeiugl didd adl el iU
WIUsHAL 9dril Sl el dlofl ougeil Hed WiuHl [Eoiol- qey ik,




alfu Husu-L Alssa Al [[soL e qusisL SIS [[ewal 0d 2Alsusel
Aabolt A 9 A alu wusHell sului o B (sra )l sl eny sl
A3 53 2L 215 (M 5) N s109yds ikl

N AL Q8 HU A ORI 2 URRUHA Ue-43i ifd yod HusuHl
BHL 1g6ll ARALU HI2 ORISR Q1Y sHIUL (U Zld em i) Faaxl
vilodl AL

gl dsAULELAL LAl HIUA HIZ Yel el 2 12 U 3-6 Yrldldd 53U
835 [3UML AdelsnAL 218l A2 dl.

§qdlsel S8l (515 E 1.1(a)) 4108 2154 AlSd Ml A %32 wud dl 944
AHIRL ALdL ULl

Ugldel Al YHRAL adlsidl wilAs 43209 2WHL URRUHA d1oy HsH,

1oy ulels vis uldd il

(b) [uafid dora- ueid-l e iga asd wRHeld W s2d.

1.

4.

dotte oedisl dosS (oA [Rgd sotisl Hulel-dl oielR dld dl) doy Huugl-l
Guallol 530 HIML 4L [[A619L (a) Hi adledl Yoo dAlHuR Seludl ool 922

ol vaalld odisd wsda ue 3-6 ylaldd 2L

. dotad, yeldd qon QUL wsda dl 2t uRHRL (weus b i Gl /)

155l 524l (a) “i 2% 53¢ Ue 3 - 6 YrRldldd 52U,

. doEd odls M2 dolls, USlusS d GlALS Mzl vadlsl Aadis 518

(51%5 E 1.1(b)) i 41ou 2154 A 125 151 ARt Akl Ul %32 €1, AUl 9=
AIRL EdL YLl

dollsS, Uelous 24 Gl HI2 dlfal Aaelsiqdl 21400 22l AV S 1319 AL

(C) »uuan ofls2 (2dl dsl Fal 1usidla et ) W2 dq AidlRs s¢ wua we,

2idRs A 21 Gl WA :

o alMuR SefluRiql GurHl esen CD 2idl 2d olsal 3 el d oilsl vig-dl Balaq

atRLrL Bietos33] soiinl @l 2yl aluR eluda 1 Rui vl 254 saciael
A% 5.
6lls2 | 3diRlHleal vigadl i Horaal [@etdl (a)Hi L 3 - 6 ue Yrlaldd 530,

oflsal ol €l el (siella) REM M 21 wHISl 520,

25¥



BAALSL

3. ofls-ll GleLsS Ml w2, AU seflui-l 3y wususll 4R olls2-l adausi
412 Y AvL 2L olsael dl Ad s 5 el uglddl 2l oflsaHdl GlsidH
el 4sd d e ¥ Ul

4. alur sefluaiqi ol 53 9 dal wsonn HHed yHl usd Avil 5 el ugl
oll 52l Al gl UL 2lsdRl sl €l AR 5199 AvL 5 ugl d@aidl
AU Ayl cor 23 St ¢d, AlFiuR Selluinl 25 A2 3.

5. wuual ofls-l Gl Hoaar wdld-dL oL (a)it ue 4 @l 6 YRldldd 2.
ofls2-1l o€l %El R 32 GlsLSel vHadis-l dl.

6. ddls S161ML [S1025 E 1.1 (c)] 2Addlsl 4104 154 i q1es s Aldd
AL %3 WU L L AHIRL ALOL ULl

7. 2004 oflsel 2UdRS QA A GRS YrRAL Aadisi-l w2l Al
uRelMA 410y 2 5HL i A10Y Ads s Alkd saldl

(i) aluR 3lud agan Wy (alRur »ranis)

Woy 5L 1 [Aeuold Y&t (MSD) =1 mm = 0.1 cm

aFu2 e vz (ool qval N =10

QF2 HusHAL 10 A0 = oy Husi-L 9 el

< alFuR HusHAL T [ReaL = Yy HiususL 0.9 [[eual

A[Fu2 AHAALS = Yoo HusHHL | [[owoL - aluR wusisl 1 [Reuat
= (1-0.9) Hva HusH-L (el
= 0.1 Hou HusHsl [Qouol

alfuR »Aais V, =0.1 mm=0.01 cm

o{loy Ad :

ARz vanjy = LMD _ Tmm
N 10

< AR »anis (V) = 0.1 mm = 0.01 cm.

(i) 21 AR A Al YHIRL :

%12 %01l A 21l B 215011 U8l IR alFuR HIusHAL 9w, o HIUSHAL YL
A2 AR UL, A ALY L 2, dl A YU AR (e) HAD D A seaid. Al
WUsHAL Y 2 oy, WusHeAL aedl ull 5 gl ol 28d 8 d 2uHR
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