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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
XII 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.

PROFESSOR YASH PAL
Chairperson

National Steering Committee
National Council of Educational
Research and Training
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CONSTITUTION OF INDIA

Part IV A (Article 51 A)

Fundamental Duties

Fundamental Duties — It shall be the duty of every citizen of India —

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

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

(c) touphold and protect the sovereignty, unity and integrity of India;
(d) to defend the country and render national service when called upon to do so;

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

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

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

(h) to develop the scientific temper, humanism and the spirit of inquiry and reform;
(i) to safeguard public property and to abjure violence;

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

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



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 XII published by NCERT in 2007 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 (1) 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 instructions for
recording experiments.

Experiments and activities prescribed in the NCERT syllabus (covering CBSE syllabus
also) of class XII 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) observations (v) calculations (vi) result (vii) precautions (viii) sources of error. Some
important experimental aspects that may lead to better understanding of result are also highlighted
in discussion. 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 discussion and give them
opportunity to analyse the experimental 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 teachers 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 included in physics manual published by NCERT in 1989 have been
extensively used in the development 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 Professor B.K. Sharma and other team
members who contributed and helped in finalising this manuscript. I also acknowledge
with thanks the dedicated efforts of Shashi Prabha who looked after the coordinatorship
after superannuation of Professor B.K. Sharma in June, 2008. I also especially thank
Professor Krishna Kumar, Former Director and Professor G. Ravindra, Joint Director,
NCERT for their administrative support and keen interest in the development of this
laboratory manual.

We warmly welcome comments and suggestions from our valued readers for further
improvement of this manual.

Hukum SINGH

Professor and Head
Department of Education in
Science and Mathematics
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CONSTITUTION OF INDIA

Part III (Articles 12 — 35)
(Subject to certain conditions, some exceptions
and reasonable restrictions)

guarantees these

Fundamental Rights

Right to Equality

e before law and equal protection of laws;

e irrespective of religion, race, caste, sex or place of birth;
¢ of opportunity in public employment;

e by abolition of untouchability and titles.

Right to Freedom

e of expression, assembly, association, movement, residence and profession;

e of certain protections in respect of conviction for offences;

e of protection of life and personal liberty;

e of free and compulsory education for children between the age of six and fourteen years;
e of protection against arrest and detention in certain cases.

Right against Exploitation
e for prohibition of traffic in human beings and forced labour;
e for prohibition of employment of children in hazardous jobs.

Right to Freedom of Religion

¢ freedom of conscience and free profession, practice and propagation of religion;
¢ freedom to manage religious affairs;

e freedom as to payment of taxes for promotion of any particular religion;

¢ freedom as to attendance at religious instruction or religious worship in educational
institutions wholly maintained by the State.

Cultural and Educational Rights
o for protection of interests of minorities to conserve their language, script and culture;
o for minorities to establish and administer educational institutions of their choice.

Right to Constitutional Remedies

e by issuance of directions or orders or writs by the Supreme Court and High
Courts for enforcement of these Fundamental Rights.
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oL WABLS 51 B. 515 lsa gl Widiedl 2d wlldiauousi waloL sl
detdl sttt del sail Wil AlalL Asuda ladl sqefd Had 6.
waldlauonui wd udoL saidl 2w Aada MRl [@sdum sael daml
dailFis w1, dilEs [QaRuR0, diiod efRaR), sl auy, 92
ulsatel audl, dsl@is Agsel 2Adon, Yoy, vid, d waelel] Fdl ARllxl
(A5 2 9, wdloL sl a0saBl sl Aaelsa sal] 21 vidald Quididl
slacil-l uel [Aas ay 9.



Aard s4R5aH 31 a5 (NCF-2005) dal HIfis 2in G2RAdR MBS 58120 21041154
(NCERT-2006)4i 2llutaai-alluial-dl wEal dsadui wdbls sidd wor o He
Aud 9,

NCERT 21 «dl 2641154 U2 4R olllasf@aii Q1201 - 12 42 wsayres usilid
52 8, dell W5l [Aataviia Auoral. otildsfasti wadlotenoui ds sa- sal da
allfasfasiinnl ieaipsHHl viddl [Anddg e 2 Wbl Yads [@siddinl 2
8. Wby clllaslasid Yadsdl qoa ian [@eaudlid uBa A BRI euia’
(GeulRd 2484l WRRIM AR 2uitag] Glag) sllsadl dal weasla sidui wdloL ud
WRURA s1lel B, ol WABLs 518 eFuiq el LAl Axal W2 2L
WABLS Yacts Hee3u i Hqeudlr AUBId U9 ddll U AvaAi 20d 8.

I1.2 it s Sl

alllasfasiin gedl ae-ipiia Axal AL AS0TA B S 2L 8eAIA] AL
BuAldL 25112 id MLl WaLld H2 sl 204 9. ellfas@siqa Wby
510 ‘685 A dvanel’ GlEaA uisdl () 8. d et 24 53 8 14
dAURAL ol AW €9,

WAL Al YR eulA s12yYds HA dolssiaR sadlsidl Aell elsaod
Yl ALl %Y (group) AUl A Al 2luiandl Adiasdl Yl wd 8,

wllBLs tlfasf@stisnl xeasHl Rendl yuod Rl 214 Rigldl 208 Rd
UL 5L A Yel el Mol A8l GualdLy] 2Aqeid Haddl A& ol 9.
WPy 513 luiaiAl Haeld Slacasdl [Rsn 53 8. olifasRstial wabis
stdell s widl wea sl 3 2al a9 ¢

I1.2.1 sican (s aL) Slacdl

=~ =

A AR (uaeliz) {13 wRudd sloidl sl Al dl d-ml Wby sl alsam-
Saeudl Qs udl
(i) Asllas 2m WAL Sl a2RAeAl AoiH AN,
(i) wawL sa-l ugld [@Q9l vaa s,
(i) WAl A1 sHUL dllsaBL 53,
(iv) el A, Aot sl stdugla 2t Rigicel doudl A,

= N

(V) Hueel 08l Halel 08 AU def agad W, AR 4912 28,




(vi) AHA 3 dd alFod s Mardl slamyds s idyds AlteHdl
GualaL $2.

(vii) uglA wdldL 52,

(vii) ALsAEYds Hadlst 53 21 A8,

(ix)  AAHL AU Ul 4F 2 d1oU ST 2sHL AL AL,

(x) uReuAl suSell 2Rid] 53 2 dell dou wels s AlRd-Al 2 2

el ALl ALSALSHL 242 1581 53,

(xi) uRBuu 2due 53, Rigidd ASA A dlRRL @vl A1

(xii) o™ AWM, da, Ut gouel o330 uleoll 530 Alel AAML QAR 530 Ay
AW H2AL ALl AL ¢,

I 1.2.2 VAASEY Sl

-

ot oAl (2R ) 1A LU sloldl Al A9l dl d-Mi WElBLs sddl madiss
Saeu-l [Qsiy asl.

(i) A [ aidl A agdy A 2l Al ellRsalied Hiud 52,
(i)  adlst AAludl aud AL sHolg AR,
(i) valur Aelel waddlyds Aadis -id,
(iv) €5 adis adat I aiR avid Yaalid saael siadisul suddl 2048
AR =adl asiy 8.

I1.2.3 suisw-dac

ol oAl (Avir12) {12 sudd eieidl LMl A dl deitdl Ilisn-Aaednl s 2l

(i) WALl AL WHURA UL i,

(i) l(BRer) wE i elst, W [Red-uRua AMEA A8 €.
(i) oo, deud, Readudls, usril Bal Rau Aoy 3u x4 R gL gald 214
(iv) ey xRl wiedl 204 q1oy wreruFdl Gualal 530 il x1A W

-

AV E1R.

11 .2.4 vSAA-51 A

ol Al (2llviri) {12 pude siotdl 2uqHl A dl d-idil viddid-Saedl [Qsi 49




(i)
(iii)
(iv)

v)

(vi)
(vii)
(viii)

(ix)

(x)

U101 Hierll d, A8l Gualomi dliid o, Rigid, Hadls-518l, A3l i
wREuHHL 410y % 53

A Mgl uslanl wesil dou Ast Alkd 92ud 53

%33 %R AUl ALl UGAAR i U1oY 54 AR Aels Sl61M0 I 52
(3221 wstagueinl YEWEE sl T4 quid 410y sl Yglda x4

210d WAL Rl uReMA] H1od Alels s, H1oy Astiil, M), AlsALSHL
UHLSL U 22 52

wReusal A owid?l 53

Al HalelAledl 9id 53

§BASAL 1512 3 2121512 520 241l E1d d-l ARiw sald

A8a 2adisl, URAL xadl R34 v 40U Adued 530 diel Aad w4
53 SR el AgEnxL AL wasi sald

A 69t el Mesreletl el AFetcHsellsAl st 247 el sou Feu Slaedl v

I 1.3 witis sefn Rbre Sl

WABLS sl (AR il a1y uBuL 2A[@URd Bria Slaed 2 GaulRd 2AeRIRd

gl slae adflsd 53 asiu 8.

11.3.1 B vildAd svia slaey

2L (2lvieiz )i welBis sidai wBar veRd 2w Slaei-dl Qs 530 asiy,
d 1Al olioidl HI2 H&H €.

(@)
(i)
(iii)
(iv)
)
(vi)

o d Aloy Asil, Alhetl, WAL ARl Uil 52 24 de Aoy Id 2aad.
Al A A1y P 514 53,

ALl 2R A del Haleldlad WA 27 de e 53,

WAL Gualdil dlad Rigia ot dvl.

MAclsL Al M2 HUARA AL dUIR 53,

ol %32 U3l W/ ugla/Rgd uRuasl 2a2%9 2wA AnHEaRd]
gl €R.




(vii)  wAdloL 5L A1HA-l Yoy dNsae(l 53,

(viii) A4, RUALL A 041 s1amyds Gualol 53,

(ix)  2ddlsdl U A 530 US dal UREIA A 9 d-dl AJAA B2Lgel 12
419y HiuAl 43,

(X) S04 AL AU AU, AL5ALS A laediyds wdlaL yel 53,

(xi) AAdA HUBAlA 2UAMHL Y 53 2 UYL UHIRMIY e 531 41y
WHIRMIMAL Gualdl 53] 2AM €13,

(xii) ~lBd R, Aadlsl, dRid] 2w €3¢ 2AvHAL a2 U] diR8l Jud,
(xiii) WAL A1 Ao Rigid, Ugld 244 w11 e FA1A vl A9Ad]iAL
Yoy, Ad vdeud 53,

(xiv) ALl ol 30 d-ll Yrollsat 52

(xv) waLLuo-l sdugla Wl wneioid WoleRlsd sl

I1.3.2 coues-amoifia %A 510

Al (AlueR )4l WElBLs s1940 Geule s-A [0 R %A1 SlaiedsAl [Rst 531
A5y, Al d Al olsidl HI2 A €.

(1) WP QUAAE A8 2 A1HALAL YL YEL GUAA LA,

(i) WALl 3uvlL viAAR ALEALA dLLsA.

(i) 2adisl A8 214 uglau HRAA A8 214 2udvly waal Ailvus
(Gsamal ylaw vl wi.

(iv) 2udv, 2RldI] a3l Gualol s3A vadlsdid ugliu % 53 -
e eyl Ul vigHit diRd.

(v) -84 vadisdin aoflsd 530 21 d-d viedaeq 53 uRRueid vilan azu
Y 1A

(vi)  MAPLAL AR UR 2HIRA RS a5 § 211512 53

I11.4 waes AL

35 WAL il GRA s & ula Ad Seells ollfasBAL yeun ual Wl 8,
aell WAL UL el Sedls ARBad aid 9. AR [ 51 wuq &S as

AR, 32als wddll gt Wl cllfisMed 200 WAIBLs yed del WlRld ¥ i e
sl el wadl €S A3 4R 5 A elllasulidg walBls wadls s2d yed 'a' A




de AL 4 a, B. dsldd (a—ay) = e L WUl 2dd AR 58 8. WY Y& q,
Hizreusl anelld sl el 2t vuell A2 e o [Mus e sud 539 wsd el dx ol e -l
@dLo1L Heusll vigly Aol Asd B, AR viEFd yeud WAllBis AR 58 8. s
Al Ay WY AUl Qg ML SRS Aol Hiadl Ads ¢ld AR Gemd 8.
waloLl optaritd 2R wWRRuMHL 2adl WAlBls AR 455l 530 wasH O,
MBI A qed A Wby Ad wdd yeud AL Yl dvs a wd 8.
AsAuS A Wby Heaell A Heudl 12sdid Wy eald 8. oflw oy, A AS
atlsARA sl A1 ol 530 5304 yagaldd Ad Huami 204 dl, Aade yedl
vsoilondl viadl €1 A, L il xadl WHBLS AL [EGc1 21 YHdL vl
Al QAL Wy suld B, Al [FRARHL WABLs Heusdl daldl sed auiR
LA ALAAL UL BUH, WAURY B AL5ALS 0L vt v ([AsiaH) 8. g
2 Wl Yeurdl 15 Wu s AsAS 2 WAl Wldl-i eua (dispersion)
Hu Al 8. Ad uet s ol 43 3 sl Aade Wby WlRdL sei 2l <
UL Sld, (ol 8ol ol qaRd AfRML €192 U dl) HeH Feldl-l @dIeL Vel d
AL QYT WY AL AL B,

WABLs ARYIA 6l uskl adllsd 53 wsiy. (a) HARAA (b) AHAARAd. AdRRAd
AR Geotadil 1R8I (1) viHlsd 8 (Bl 3 alFiu Jellual-l o= 2AR) (ii) wdlol
sa{l vl ugll 2 (iii) ol 52U Ul5ael ol vl cualRad AR¥A Adl
AR B F Bl AR @l widl astd 8 A Akilis Ad dA g2 53 asta V. edls
ALY qalRud oRL (i) wdsiile 2w alHy ddludul g 2R
(i) ‘dlst 51148’ (backlash) 2AR. >R MSSREUAL 2571 UUH Ag [RWHL 24 ugsl
Ho [RaHl 32l vadlsd dail 219 AR ABE AHdelsd HRUR el 34412l Hadl
2R Sl 2 Sl B, 2L AR [RaiRal 47 s % Rl e vadis Aldaumi
219, (jii) G A2 A8al S35 QA Wil Sl Huugl U2 FUIR 2 WYAUHD
2ilcdl €l AR Ustalld AL 922 012 vidR Had el W Hed Aaddl d-i dstadHdl
GHRL & ouleotsl ¥3 B, (iv) A ol YAul E1d v HaARA AR AN Wl €y, sl
2120 28 d e Y01 A WA B U Vil AARud ARYSd ot B,

Seals Waloll-l wRaML AaRid 2R & F AAl% d adltdl W2 s o olllds AL %el
el Al Wi 219, A s o ellfasulial qed 6 gel gel Aaadl Andd € e
Ml vol IRl dslad €1, dl dui daRd AR dlail Actaxdl 8, Wby Yed afRad




ARAL yHRL Ul umL AR HAd B, 2udl afell (eusl well) AR § Fu-l Geowl
92l uLdl Astcl ol dud Ul AR 8 8. ydaRAA ARA Ml wsidl <l
2 AR AR AlssA Hed Aaaall 515 A Al dx 9l dsfl Wil 215 o elllas
AR 215 % ugliel dRaR vadis d seid 821dl wsid © i wla Budld w0
Hey Aol 2ud 8. (4412 [@did H12 Physics Textbook for Class-XI Part-I, Chapter-
2 NCERT, 2006 %>il.)

WYRLAOUHL UHL $cll dvid el el dgny, Al Yl Yel Al Heedll el
o€l ellAsURI WU 52U 20D B, F WHA A HUA SAUHL 2] €4, dxil
AYTH MY Sl WU HeHHi AR auIR A €l dd duelusl Wzl daiml 2id 9. ALk
a3 A8 Al il el WEL ARAHL AHA A WAL AR HUA HedH AR dly
Adirl 2Ud 9. % AR WY L A) SlU e dl g F2Al gy HUALUL WM 43

WAl Hod Yt A §1d dl,

A=(A,+a)

a [
= A, (127

wul £, A Al ey ada (AiR1s) AR searmi 2ud 8. dell ¥ d, ol wia
AR B M2, »uuel wd

B=B,(1£/)

gd, 515 AL, 4R 3 Z, 1AL ot gl2L A 2t B AL Wl He urell el 530

ASU dl,
Z=AB

¢d 20Ul A81d3] 53¢ Z AL yeudi GeMad] gt 2B (2adl qead o4R2)-]
AR s, 208l @vil wlaA 3,

Z=AB
=A,(1+£)By(1+f)

=AB, M f,2f,f1)
= AB, [1 £ (f, = f)] [% £, 2t £, el «tedl A2l €l dl dael dpusiz




LS el asi]
vadL Z=Z, (1 £f)
ol Zel el Geotddl iRl £ uedu yew |f, + £ Fed 1S s,

olloy ou1og, A ARL Y {lAA] Ad aell asid, dl

_A_ Ag(1£ f,)
B Bo(1+ )
A
=Y, (1££,)(1£ f)?! ('.'YO =B—;’]

=Y, (1£f,) (lifb +fb2)

=Y, 1x/,)(A % f)

~Y, [l (£, +£)]

WAN Y =Y, (1 £ £) WL f, = f, +

ol Yeil ol Heit 2ils wMABddL £ 2 |, + ] o 2l 24l AL 3 Henn
i[5 AMBeddlL dHa GRAY B,

Af1? s B A ARL P 2= AR x, p, z 4913 uel ot P = xPz¢ yell aell
st dl P o{l a2l el Hedd aie AR £, 2l Yot gL 20l asi.
Jp=lal £+ bl S, +1d £,

2L Gudl A asty © 5 AR P i Georadl vde wla AR fod et el e3s
olllds ARl Wha AR £, £, £, 412 dal dsll ®id a, b, ¢ 49R U wL R B,
Yol ¥ olllees ARAL s Al AR €1, A ellfsuBAL Wu-ui 0la AR agay
Al ASA. 2l Al 510l |a] £, + [B] £, + |d] £, @R Ade wla AR fp i

AULASHAL Yeuell wAdLs 2,




g 2Rl AR ellFd 22U (Aadl Wby AR)<l ad]l s & F<il Yol wow ollas
WAL WU 53¢ €Y del AL adl $l.

RalRausdl s, 4oL Higax Y2l Yot g2t oLl asiy,

Mgl?
Y= 4od’s
4l M sedMin, g dRcauddl, L 2 doidlR 2114898 4Lddl Yl ARt dons & =l uglous b i
AIUS d O i § 2 ALAML AuBla Ranig]l dsd (pudl Ad) 3 % ol 941 U 4R U 254ld
Ui (Bl U M seddid destadi A 8. (gl 11.1)

8 dRA[Ss WML gAML M @1l | kg ddimi e 6, A= Id gl 20005018 1 g 5l
Q12 A €16 5. drll 2l 2 Ald F gAML HILAL HIZHAL M el ddnd Wy 1 g 8. 2uel, 2ils

1
AR £y é wuudlfy,= 1 x 1073 8,

811 % 913l Hed g=9.8 m 52 ) el d 516 AAlHUloL 242 YA Al il gl Al AR
el ved 5 £, =0, Al ueu-l dons L, Wl 3 Imedl 2t d 1 mm=0.001m  dan
Wy HR1adl A gl qeedll sl sudl 6. 2wl dons Lui viadl il 4R £,

_ 0.001m

=1x1073
1m

)

usdl AL wElusS b 9IRS 5 cm B, F 0.01 cm @8dH 1Y Bl AR Selud-l seeal
Wyl 21d 8. dall, AHilus AR £,

B 0.01cm

=0.002=2x 1073
S5cm

Ty
d % d, ARl 2A1LS d 22 0.001 om A U 3%l GUdldL 534 8. % ABu-l

4165 0.2 cm AUML 2Ud dl,

B 0.001 cm

- - - 3
= 07 em = 0-005=5x 107
2idHl, a5 & % 0.001 cm @y Hualon 312+l veedl HuaHl »ud 8. ¥ 5 mm €4, dl

_0.001cm

= =0.002=2x 1073
/= 05em 0002=2x10

£25 olllas AL Ae AR aRid?] olte, ¢d 2R Y 4l e s+l aridR) 53024 d),
fr=M Syt D+ B+ D+ B+ (D
=1x (1><10‘3) +1x0+3x (1x10‘3) +1 x(2x10—3) +3x (5x10_3) +1 x(2x10—3)

=1x103+3x10342x 103 +15x 103 +2 x 1073
YAl f, =22 x 1073 = 0.022




GHA T 1.1 1612 B 2umiz w2 2534

o

) ] A wi1ell 9152 1A AR (el »RUS) £, x 100=0.022 x 100=2.2 %

St s 8. 22 Al & WA UAL HE, Yol 23] 530 Hoded Yeuul Hedd

AN AR f M1 el el el 212d & £, , 37, £, 3f; 2L £ -l sl
AR AL Hedrll 53l Slefl AU, A, A oirid AU 5 el 2l

51 AR vior o W2 o1l 0% i fef HEL WA o e (AqUa)A AR

o <551 21y, % g ot L 6flw AR HuA A29d ol . 241 s

% doll Led st 12l agd Wi (0.1 em)atoll 3zl a3 o4 sl
gt Al M en RARAL d 2471 e Hiurt e 2501 240 2BA22 o3 Hucuml 2419 & 5
q2stadi P @gdd WY (0.001 cm) & dal % ofllds AR Yol aldis

ati €ld ddl olilas AR Fdl 3 d 2 L adid siamyds 21
AgTy iyl A4l qeel Wl ASa, Hiziewotdl wEdil sedls ofllds ARAAL HU-]
pilad uRBUM % S1d B, L WU Hed 3 A Fd WAL wRRuH sdad 8. uReuuA 2%
Slrll $HUL Yocd AR sllotdl %330 8, dil i Hed, YRRUHHL vellFd wALsAS (Gadl
WRIBLS 2A2) 27 2sH § Ful ABL 2% 536 B, 2L IAd WA YL AR 2 dril dlow Asy
AR, e + AR (Asn) 13U 2% s 20d B, 411 3 uRLUH A+ a (2s3) 13U ealdiy
9. il eld B %y A i viellyd w2\l % UL L5 GUOL LU B, UL A il g ol 2151 8.
ALHLRL YALAHL 2L AVALAL 6L s AHddl ASA 5 FHAL [Qaa-dladl anelldl 8 5
UUH 25 5 % 2ALSSA 9. 214, o8l o [Quudly 250 B8 waH xR 215 don 4
Al s Aval sdad . Hila Heurll A5 5L AR A oit G €ldl A5, Rl sdi-
Yol HisAaduAl Udd GelgRul Y = 18.2 x 1010 N/m? (ddeusdl s34 2uddl suldlA
2 Yefl 2181dZ] 53] 21 Yeu dWIRAL) e

AY
'{L@ T=fY

S AY= fpr Y

=0.022 x 18.2 x 101N/m?
=0.39 x 1010 N/m?2 ui AY wiallBis AR &.
el Yei 2% s3ed 4eu (18.2 1 0.4) x 1010 N/m? €l A,




I 1.5 AY2RLS (Logarithms)

()

U HIHIR UR AL @8LaLs (Logarithms) il v4L 6 & %l 1R o Avale
dedl ald dld 2y 52 8.

A @ =N i, dl x aril 2UHHL N-il q8o18Ls (dPURHM) 5€ & 241 d- log, N d
2% 54 (log N, gril A4 U M dA1y) eludl dls 24 =16. 2], 16+ 241 21412
W2 log, 4 34 ¢l log, 16 =4.

AL A, U8 10+l UHIRHE vl AvaAL dgolels (APIRYM) Gualodl ad
¢l 20l log 10=1, log 100 = log 102 il d 36l 10+l 2UHRHE AydLELs (QBLR4HY)
ALY Fd log a3 dvily 8.

AU @8RS (ALREn)

AvleL @golels (APIRUH)HL 6 el €1y 8,
(i) wala (Characteristic) : 21 yails onor 8. (wel wislas va)

(i) 2Awalel (Mantissa) : 24 2Y2Lls 1oL B, AHLA Fd sl uglani salacimi »ud 8.
(y@fal cuoL ddall te 1 6.)

(ll) dvui-l et (Characteristic) @uaL 3dl d 54l 241 ?

yeifal euaL AvalAl et U 2UHR AV O i d e Rl @A IR
551 s2UML U B, Mg st HIEL AvaL W2, yalsl de w1t saia Rugrl sl
o1y 2Udel 2isl-l AvaL sl s 0L E1U B,

A5 sl Al Aval (2@ 3 sl 2Ayells) w2 yala el €l 8 A saia
Rgrt 2 Yad vis a2l gl AvUL Sl 25 AR i B, elval dRl,
vl yafa,

430700 412 5, 4307 M2 3, 43.07 M2 1
4307 W2 0, 0.4307 "2 —1, 0.04307 W2 -2
0.0004307 H12 —4, 0.00004307 412 -5,

eyl 0 Ad T, 2,4, 5 3d @viia 9 21 602 1, 602 2 4913 d duu 9,

I1.5.1 wvaid 2>yRiiel (Mantissa) ¢t 3l 2d 155 s220 ?

wpyeial cUoL Het 215 e drll 54 U 2R AN B 2 eidl Rugriril 2wl 2ada
Sl B, A 25 e el 53 WAL €I dl R oL A Sl B, ugdl d el
Rrgetd 22 A d €l




Ulel 1. 266-269 U2 2N @yaLeLs (ABIRYH) 51328 1 244 2, $5d yRiiaL Mol
U 9, d AL I AR 5L HAAAL AvAAL HIZ B B %L VAL AR is
sl AtIR s HR1adl €, dl del yailel ouol s8] sal elle dA 212 s Yl
AGS il sUML 20 B, 2RI eaL A58 520, 2oiesil Gudlol {13l 23U
Ayl as,

(1) 2uudl AvalAl uaH 6 Ads 250 Siesl Al 16l sl UL 3 FHi
10 217l 99 Q23+l is 9 AMi WHAlAL 24 10 Sl ALl dvaL {2 dvyd

10 a3 o{lal 2ryeiial cuol Haddiui 2»ud 8.

(i) Al uuA Alell Gul el {12 ool Avail 20 8.

% U AvalAL Al s visA wA3U B,

(i) €2 el ot elordi Alal ALeds s U AvAAL {12 2oL 2dd B,
1 2 3 4 5 6 1 8 9

BelgReL 1 : 278.6+1L dgoLRLs Hadl,

galod @ v el gl ol ol 3 sl 8. 2], d-l yaila 2 8. wyaifa
A5l 52a1 M2, el gl RN 14 Yuy ot Ml 27 il 8 W2 a2l
A1 GusL @l gL 27 4l AHEQe Ad el ougy e 8ol [BRlder [auui
{12 25 AL AlAL . bin T UL HA O d [big WA 4440 @rial €. 211 278
el vyeifa 9. gy ay wulElay R 2010 abl 214 dsldd-l siauui 6+
BRldor slamui 12 gl dud 9-l »is vudl. 2l 2786 w2 yeifa el
4440 + 9 = 4449 43\,

212 278.6+1L AY2LAS 2.4449 (Audl log 278.6 = 2.4449).

BElgR@L 2 : 278600+l d8oLRLs Rl

oL 2 2L AvULALYRIEL 5 24 Ay RIS G119l GELE —1 HosoetL AML- % UL, 2AUEL UUAH
12 Alels LSl iyl cuoL Akl 8. vitell, 2l Beal 61 Qe viadLell usl.

" log 278600 =5.4449

Gelsw 3 1 0.00278633 AydLeLs Hadl,

oot @ i Avaldl yafel 3 8 33 ein Rl uel A 9l B, 21U 5 UAH AR




Aleds 2isl 12 wyails elor Al wsid. e, 2l dedl 6 25 (33)4 2Rl wsd
e 2786 W2 iyaal eudL 4449 8.

. log 0.00278633 = 3.4449

I3 vl 4 AlLeds vis s2di AR 15 HAA] SlU A3 AvULl Dedl 215 5 Fedl A1l
5ol W12l 1A dl, o vigell g1ofl ouggell dcdell 215 s Al gl 2= d o Ad Baz
g5 AR A5 s o1dl all Al YA 1 qtd 2 % Deell 2is 5 5l Al i dl dn
w210, %ell Ad GUAL GElgRAUL AR 9,

ol BRI I VUL 2786.58 €1y, dl Deell s 8 9. vl 2R Al drd 16l gyl
215 A4IR1A 6 5291 U3 2 6 21 5 5l M2l Eleied] 24181 d udaidl vis 64l 7 sl U3
2in 2787+l @goLRLs AlHdl U3,

I 1 o 5 o 2 Bl[;lC-l%lpal'&lé (Antilogarithms)

AvaL & FL Aol x €l dl d Aval Waagos (ALALIRYM) sSald 2 dn
antilog x <3 ealatt. »uM, ¥l {ld log 2=0.3010 d<ll 31 antilog 0.3010 = 2.

BEWSRWA 1 : % AvUL-AL AYRIAS 1.8088 €14 d AvL KL,

T

FAL 1 L &g H vl Ulaagorisl Gualal 53 wsla ¥ %+l Gulal
249l ML WIS U1y D),

() Gelewt 130 »1yaiaL eiioL 0.8088 €. 16l suggell uuH 6l 2is5 0.80, Ao is
8 i 2lell s 53ell 8 8.

(i) wlazoms (ALlPlRaA )AL 2oanl uddl Rldor siaxul 0.80 ¥l
Al 21 AHBRY IvuMl 8 Gu €1y, ddl siau-dl ¢ANHL @dLL HA
2Rl 6427 MO V. d-il 242 21 244l 5 0.808 yRifal M2 AvaL 6427 9.

(i) 211 afdl 211 AHEQ% AL mean differencestl viAML FHR(L 6Ll
8 «{l {12, Ul 6l 98 Ul 12+ 2is HA B, 241 124 642741 GHAL UL
6439 M4l ¢4 0.8088 1yuilal aldL W2 6439 AvyL HA B,

(iv) vaial 1 9. il 2i5 5l 25 AU Fadl »is %330 Aval-l Yails el 3%
5q. 2], w330 Avaini yals eporui visi-l Avay =1+ 1 =2, vuell 33
AvUL 64.39 212d % antilog 1.8088 = 64.39.

BELSRM 2 : 2.8088 i 2A-Zlelal (wlaezoies) kL.

oot 1 yails dval 2 ], saialBien-dl wHell oy s g dd RS,
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»u#l, Antilog 2.8088 = 0.06439

agolRLs (ABIRYM )L dpa1yul

(1) log,mn=log,m+log,n

(ii) log,m/n=1log,m—log, n

(i) log,m"=nlog,m

ayLaLs-l e

log,1=0 (2l a®=1)

1+l 515 uBL 2UHIR YR log Yrd 40l 27 log, a =1 (2Atell, i+l Wldiril %
log, 1 Wi, gl =a).

11.6 wslas w51 51828 (Natural sine/cosine)

51§ veud sine 5 cosine Hed Al M2 wugl BiselBilan @8yl sies-l
BuAL 42l U3 B, Natural sine 247l cosine 5135 32l [ (261 3 24 4, Wirll
. 270-273) uR uld 8. viguil A4y d Al 24 FilAe (sou)ui 2udal gy 8.

gl.d., 35° 6" #{yqlL 35.1°.

I 161 Natural sine 513254l QAL

HIRLS 8L sin 35° 107 < He g . e, {12 Yool 2u010 atl asi.

(i) Natural sine $1%% vldl.

(i) W slauul gl 2 35° Wl AHBlay Rasil dud s 0.5736+0 el
el oy AN 2 Ul 6 dvid © d slanul Yl dUR 0.5750 WA Glew
ERIRIRER

(i) 43, 10" ®e %330 Bud Haaadl 8.

10" 244 6’ 924+l dsldd 4’ 9, »uel, 2048 mean differencertl siaHHl 4l
(AL vl g U3 dnl 2134 Bud 10 8. 21 10 Sed Aadd 0.575041 GARL .
21ell, 28l 0.5760 Hasl.

21, sin(35° 107) = 0.5760

I 1 .6.2 Natural cosine 51354l dAAS

Natural cosine 26id«ll GUYRL AHIA Id o 5L 29 9. dM 9di, B 6 4B dn
cos 682 ¥ d gSlsdA M2 mean difference olle 5L 2id 8. Gelswl d3,
cos 25° = 0.9063. 25° 40l &l cosine qaddl W2, H2ed % cos 25° 40,
€08 25°36'=0.9018 Hcl As14 244 4’ {12+l mean difference 5 HOL. % Andd Avl

0.9018-1L dectl visHizl olle 52l 0.9013 A B, 1M, cos 25° 40’ = 0.9013.




I1.6.3 natura tangent $IN25HL AAAS

Natural tangent 261@, Natural sine 261d={l ¥™ % GualdML Ay 9,

| | 1.7 AAM ERAL

AV B 6L A AR Q2L Ao{tr{l Rt 2321 9. d 2uue WEBLs WRdl

v 2[R dlzey salMi Hee3u dd © i & AR aA-L Asit cald ©. o A &
allfels ABL @ w1 puig]l 20U gl 32512 5302 2 Al WRBUH AU AHI UL 3812
ALY dl gel Wcdol A el bel AUHLRA A 3L 21d 9, eld. 3L dH dletsH] doud
oleel IR A s tecld 8. 28] dollsS 2 Wdat A B A0 2R A4 B,
AW 2§50 6L A ARAAL AL Rolladts 2210 53 6 dd, o], d Alss -l
giaell sa L umd 8. (F ¥ olldaddl [Run) sl M2l Avaidl wadisAiil
A3AA Bud dndal, wERidl Hadlsil andidl olgiz s AR vid:das
URgArAl Hedl, MU W2l 2UUE Al LS50 el WU 2 WHRA

Aete{l U 2 @gan Bud ddl asy 8.

AL Fd A YU U 2uav eld 5 gl Flale/ardl el Al

SIREL G149, BUAYL £ldl M1 (|l dAsLs5IvL Bl Y Adl O,

(i) @dal i 2R AQ A58] 5. W AGA X248 U i HRA AGA
Y-8 U %Y S

() e35 uardl (R A8l 520 2 dd 2y sl wa U Fedl Hlel ARA
w8 d LRI

(i) AV £RAL M2 WHERIY wie 9 ¥Ra sl 9. wied Ad, 2wdm y-il
ALl ALl GUL 2L HIUr @ETiy AW 2l % 255 WRRIAML ARlldl 8 § d-{l
ALsALE 2 Sid, B, 4l avid, 2AvHl A1 JWredl Wi @y Hvsl Ay
1oL (Ayelis)a AT UuAAL ALl AAledl GLoL Fed, Al 21d B,

(iv) Goligsl uieoll A Anorellal sl w3 ddl oflad HEL 9. A= Ad, (0, 0)
Goulig dls Adl 28 8. U L uAedAl Ad Ad wUR Ad
Q2L Aolt geuell A udl El AHAAL 516 s Ad W2 yd RAR Al

gl AR ARl 8, 2 d WA Hedist AU A €l dy i, ofla el




Buui Gombig vldal ad »q3u 4 2% 53 d %330 Al dd odi d
AL 4 A 3U AL il Hed 5l 425l il AGw AvaiA Y

52l g 28 V. £35 AL U AdAL HEdl HoL Yel (AGw) vl o @il

(v)  X-ua A P-ua waRiHiuel Pl olla A udl AAdu, wa u els

(vi)

(vii)

(viii)

(ix)

5 om R Aval avidl ASH. B AR i Sld del AsH W8l Avil. ALs2A
Astltts ugld ool 2y 53U ved I Aval U »is ugl eain Rg 3l
e el 10+(l 410y Bt o3 91Ril. vieu Yul GuR armall viadl sofl sy veuui

WHIRHIY WRddr uRL @vl,

elRdl 2udul (1A Yoy s 2 21dv A Asoudd clilds AR
Uy udl defl Azt quicl ASA. 1AM YU GuR oid e U dlfd werY
el ealdd s,

FUR AV YW HAALAL el 1Y, AR AR Ad 64l 7 qadlsel
el w3, 4RI oL AAElsAl Al MR A oLl %32 Al vadisl

s Al oL % (AR Yl dal w2

A AW A5 Sl dl, wdat da-l uHA 2Ll d 64l 7 eudai dlsdl €l usdl
el S 5 A5l UL dslsR olaL WA dlesl 3812 Aal Hadl. A [EdRuE
([Qeuoil) atR 2Aadls dl. el dl3 2R HedH A2adl agd [Exd Aaaa-l
€l R et 5 qgrii 2AlssA [Blg Aaddl il diid vadis ddl U3, w3

A [Qaddsiel (Sm) AHal M dHIR Smril AUAWN d4U2 Adels ddl w3,

“HURAL AL Bigilll 2921l uRL dod 2 Gl B, et Bigrl [RRrid wRaum
W d WUl AlssALEA 143U Slg, B 2D s Bels a2l & Ful Wiat
Bigd © a3, Bigrll 2uAwA adn 30 Y s34 8. 3(=a 2ug Wld WUl
yey 8, adadl X’ Ay’ Rausi Brosdl A 2120508+ 1 eald 8, o adasdl
Bosal Wl €1 dl dedl 2ol WA 2020155018 AR B, ayul B U1+l
gl A £Ald B 3 X 2l Y A8 U A5 s 8. 6l Gualoml

Acitell e AL 3 F GU FA AHA AL HAA B A @, A, W, A, X, VR B,

B X-u8 i Y-8 U wHBddl g€l %€l €l dal BRudl auldl Sedls




AL + (X-218 wR ALS5AS WY Y-218 YR Sl a9 89.) ¢ (X-v1a w2
AlssALS WU Y218 52l 209 B.), o, [, 9. N, s Bl D. af aul and Ai<ll
A 530 wsl.

(x) ARl ory Bigyil st oy wel, 302od dd sladl W a5 elkdl § 34l
WL ototdl gl dfl U2 & dll 4295 21 eusll ot d-{l 2ugeny - Ad
ASALS AU, garil AHUHL AU WAL UM glRall 52223+l GUHIL A 8.,

11.7.1 YR¥L BUAQVAL 3l

A3 2L ¢l m {1AH] Ad arnad ay 8.

m=—
Ax

il Ay A Y-8 u dlfd ollasAAL Heaul adl 32512 8 2 de 23U X-1a R
el ollfasARiAl yeui adl 32812 Ax 8. 2usld 1 1.241 ealedl xR Ax A1 Ay

VPN e S e e e
Vgl B et
ax
0 X,
2ilA 11.2 : ang weu u HUigld 11.3 : aung yeu e
— | A

oisfl (Fauel A4t €l AR 210 mell [Fausl 8 gl olloy ou%, o Ayl Faul Ax-{l
(sl s2di Qe €l (2ed & 2R x 4B d3ty 82) dl alang yeu 0L ¢al. ¥ 2ugld
1134 sulda O

QML LU 0L LU 0L YL 6L % [(BIg il HIS AL Hed MU 8., vl 5128 sl

T 1440 ealledl Harer vl Ul £35 [Blg HU2 xeil AU 3512 HI2 yeil 33512 AHIA HA B,

LY, UL 0L HIZ 3L AAN W B,
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I3 3loell ARl 52l El9A AU, X8 U+l UL
Yadl cdoutSel Avl 2 d Adl A6 Bud Y 2 dd
2yie AviL drl 23U Y-8 Uril Adl Hdd (eudl)
HUL uA glal deiddl s e Ad, aladl Budl
Al qtid s 2is A €l ASA. ol Bud A 218

UL i Al S1d dl, PUAV YU YR %32 @vil.

2101 tan 043U 1 el UL 6l 8 U ML UHIRHIY

R €l AR % 2l tan O Fedl €l 9. B WSl R AV §
2iSlA 1 1.4 :2da govu w2 s vam du 8.
— AW 2 olllds sl 9, il AR

aefl quid quL AL § ¥ GorubigHial uAIR Udl BSH A oled 5655 vidvis 2l 8. dall

PUIR YU A6iH S €1d Al yAul o ol sA AL ARIRA tled alu-l Gualol 53 Ay,

I1.7.2 assuaui snda Bigat awn

GuaHl Herdl suled ® d ool YA AV 2l g5 [Big WA AHIA Hed A B,
U VL ool as 2 ARl Al gl T 1540 saledl AR, a5 CDL sl
yeulolg A A, A" adl3 [Blg WA %g % il

el YAu A €l dal dsel BRus, sl AlssA [Big wA- aa-l
ald 52l W3, asl 516 2Alssu Big WAL el 33 gl 115410 A
[ig WA asn e13d usls EF-l el 21 [Big A wa-l el eald . d o
Ad a5 Gu 2dal (Bl WA el Mdl He, SR [Blg WA asd

245 €lRdl ASA,

A asdl wla Bigd s eRAl W2, dlsdiHl odls W ¥Rd

UHAd AL GUAIOL 53] ASIA i d ¥ 51010 YR 45 1A S1d

X —>» el uR ezl sl asid, i olotd sl 1.6 (a) 214 1 1.6 (b)Hi

2SA T 1.5 :Big A wa 2dls

S —— BGelsaml il ealdd 8. Axdd R+ ugl MM SREsd Big A W

Adl Ad 48l & Bl asel el DA wlalkist DA 3kl uzlil




.
L8
.
L

215 11.6 (a), (B) : uHdd 2L Gualal 53] Big A WA 2usls Rl

v

DA A8 Add guud, Ad Ao, Wabio, D'A aseil DA oL 018 245l 11.6 (a)3i

gl yorel Al %sid d Ad euud R,

uesl 243411 Ul MM A, Big, A WA d-{l RAMR w31 ¢ d Ad uRem@ sudl.
23041 wlAlist DA wel WRemel wngl. ¢d MM’ <l Rl 21l Jd alisdl &
el DAD’, 5[ 1 1.6 (b)Hi e2lledl WHISL U6IdL, AN ds B1iLd. AL NSAR W2
AZ1AAL B A sl MAM' 20 121, ugdl, starmius-l Gualol 5304, [Big A

WA MAM' 3vi4 dot GH €l

GAH vl 2L DAC da% GuR [Big A wal-l %33 2usls 8. sl el (ved 3
Ay / Ax) ¥ CAD das-il Big A W<l a1 gald 9. Gu~il ugla-l Gualal 51§

el asel 516wl (Blgal el imal e 530 AsA.

I 1.8 v sean s s QAN

(1) (eneifl naloil Rugic ysiugl wnodl AL d WLl $g 2 del 2434
Wl waloL sl wdal e 2d 1w Al A,
(2) A4+l 1oy, $HUL dllsacll RSB, SIS LA L ALA & WIR oLl AL s1Yds
e AUl Gualoi dal BSHL. AL 515 VUERAS LA AL dege A
cll dRcl o waAleLelR RlatsL il U dldl.
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©))
“

&)

)
0

g5 WAloLMl, YAl sl auid AvtalAl ddelRliled 2rausl wad s

g5 dadlse, UM Y HA dl ugl, £35 auid Aadis sl dl [Qeuell
wAels AiMal MSe AlssA ALY UL AU, ALl oLl WHR

AAELSl AUAALSASISIAL |AZUHL Slall %33 D),

Al e ealdl. (wdl 32 €l Al agols (logarithms)-l Gualal
5304). e35 ARAL WUl AssAS] wRHeL dda wnl AL w0l
wilan uReuHHl 516 sfAud s wRbilid 4wy, qnda uReuu-d

1oy Ad UGS i s
ol A €U Ul vaAdlsia 2udv A8 ealdl,

wlReuy daal doy ST vsd AR euldl 2 A WElBls 4R €l dl d

wel galdl.

I 1.9 wiio1 caBnqt 2aadisn dina - s YA

WAL adlsml-l e 2 uglaurdl WdlBis sida (51805, lzeys)Hl it 2

WLy ANE-ALAL WRBUAHAL 1oy %Al HI2 VoL o GUUdl B, vddd duIR s2dl

A I 12 Yool Haodl Gudiol iy 8.

A ........ WL i, e YAl 62 ...

S

% wAloL s2aldl €1d d UHPLAL il ureudl we AissA1yds ealdl.

A8 247 %33 Rl

YL 524l M2 GuaoMi dl8a a4t A aHAL el

WA HI2eL AL 2R BusRe0 ai (Asleus)

walolil Gualloii elfie Atke Bl HuA WAL el el Alsle ao{l5.L el




Ug A el A4 [Qena-ul (vaa) (asleus)

el el GUAlDll Ue 2 vl v YHRIML AuAAE (Aot eyl dudl.

Rugia/Agilas

wadold vidold Rigid 2% 530 v Gualdl dlad Yot @uil, Asoudel qsuil
auveusl AunAdl. (crasll #330 Ayl [@edaad doldl ydoyug M 2w

[Qgd uRua 21 usia e (Bal gl eRl.

wgld (yaReiRa AaAdlz )

walotrl AL+l dllsaell el vRvR el »udd YdHulRd waldlil

Al el gel uotel 2 ddldl WUt dellolg dotssiul Feudl,

VAALSL

AsH €l Al vadlsldl el sresly Ad e wd 95915 (AL -AlHL.
vaelst sloldl GUR, Aud Ul A @gdd HY 2 dHedl @R
ureudl galdl, d¥ 69, %A wdlold uReuM 2issU WRRAMQ Fal § diusid, sellt

AR U AUHIRA SlU dl d WReLuLAL Heul rudl.

ARAAI] AR AUAY E1RAL

el %EL ARAAL HUL BHAl otul 351 24 wglaAr dLR1dl 52U dal dgoeLs
(ALIRMY) siesl Gualol 53 e galdl. WEBLs 2R+l aRid?l 3.

oul AU €1, Al WRBRUM Aol vdvil Ad-dl Gudlal 5.

yleun

WRBLs wWReuHIA 2R diRel 2% 2. (elllas dpeiadt Alsd wilvus wReum-
QoY Alels Bis 2 10U ST A5 dal AsH AR AR %Y 530.). aull, A uReux
olilas WRRAM 42 2R 1, dl d olilds WRRAMR %<l 3 diumiq, eoll

QI3 Bedv 53
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A1aAd1A

WAL R U 5l €l IR VRVR AUl 2dd AlaAdlAL Gedm 53,

Ale-u Geawm

WldL 52cll €1U o AL BeMad] i aalsdod d MUBid 4 as 4 ddl Al

2154 Gell ealldl 2 WRBIM U2 AR 2414 dd]l AR Gedu s,

wqoL ollgerell Hizl v S0l 49l i s ds0 GeducuHi A 8. dufl, WAL
g0 padisidl SIS v diarll adl Addl SUS v el Gedw sl
2L 2L WAL AL5ALS arRAL WAl Helll, d3elRlil A AAd: WEoLsL

Wl Rugicl i3l Ad Aauoar Radl 0 sigdan yel 6a3l asi.




Yol
EXPERIMENTS

dq

RgdRaful dslad [@Be [Egduatedl 2udu ekl 2ihal diz W2 254 dols
€ls Aa g8l s2dl,

A8 2 %33 A

2slld 2444 (~ 10 Q) AL d1, 62l AAMAA2 2A8dl AALLs 54 (0 to 3 V)
wudl o Yst s (825 1.5 V oHrddl), dieedlex (0 — 5 V), Blavidle:

(0 — 500 mA), iRz, Alel 0, AL U2l dlR A sAUYR/AL 258
[Rugia

el My suld 8 F yawesdl olilis Rl »aa qadl avami 20 d,
eussHial daddl [Qgduale 2 ddl 81 a2l [AedRAMIAAL dgtadel AHUHISAHL
QU

A yssHial addl [Qganale 72 d-l 981 a2l QgdRafu--l dslad V €,
dl el My 2R

Vel
2 el

V=RI
Ul R L AHUHAALAL 242005 8 i ded Yarss [Agd 2Rl a3y dad 8. o
VA dleedl v A AN ddidl 2U0d dl Rl 8L 2% 5A% 9. wald R
Algsl gt il URHIBL U MR AV O, AU WUDE HAAAL dIR HIZ, WA,

Aol 7 i 2DEAL BoS0 4 U BUHIR AV B, d dlesl dluHld U YBL UHIR
AW B, UL dluHIA BRI,

!
R=pL
PA

puipal (AR 2dAY AUl AARUSAL 9 e d ARl geuedl claBisdl 9.

(E 1.1)

(E1.2)



alseL (E 1.1) 24 (E 1.2) urdl,

)
(E 1.3) V=[PK]I Aad] wslA.

V 2 T 9231 vy deid Aadl asid 0, 224 3 7V A

I+ »udv Usld E 1140 el ool Gorfbignial uar

. = ) Y =~

acl 3w L Hadl wdu. wHlsel (B 1.1) AR
('_E‘i QAL Lo % agl. (Gormfiguidl uAR adl 3w v
7 - w528 y = mx B, U m B WANAL ol B.)
I

el = !
‘[ "R

C B
R 1

SR —

o L

— VvV (die)

WHAE 1.1 : Rgayas 1 %4

v RgdlE[Ew v a2l =

dgidd

ugld

o diedl dols 7 €l dl, diRl visM doid €ls =AM
R

0

(1) L8181 3L AYRArAL DL U 515 URL Al U el U d1dd €A, dl d-
g2 52l Ol SIAUUR 43 S S

(2) sl E 1.2 ui ealed ool way, e, dedl, su, dielex xa Al
Fal Yei-gel 425l AL (i : A led] AABA2R seell w514 dal dices Aoy

(ER -
| {

+
mA
_ )%
+ -
(O]
R
AHAE 1.2 : 2wden iz 42 Qgauas 1 ©)
2 [AgalRlds dsiad
V a2l ei4 Horqan wie-l
RgdaulRua (6)

ol Tzl 3z +ell.)

MMl A dicedlertl  eolsl HiuA B uz-ll
gl Rla uR svRa 8 3 AR d Asiil A
21 4 S dl, WA (Rafia)-l ueedll galsl
B3l Ams wdal 2l dllsaell s34 ealsd yeueil

P& e ss3vY 5.
el qleeylex xd Flavidlexdl [k 24

CERE TR
50 K o1l 2 liReddl qusa 518 s iy S
U ollsdl 3 el R ARl dgdd [@Qgdide

YAR A,
BlaAler A dleed{lesdl vladisdl it




I - B

v
(7) s K viedl 520 2 o dlR 2R3 24l €14 dl d 841 ugal el 30l sa
adl, TpiiReesdl Aus 418l WAL @y uide dioml iRl 2L Flaiile:
wd dleelerdl vadisl @l
(8) lge-dl urR yel-o€l olisall W2 ue 7 yaldd s dHRL AddlsHl
ERIEE R PRI CIA
ANAALSL
(1) wledl [kdik =0mA 4l mA
(2) vblead @y W = mA
(3) dieelerdl [k = 0V dl \Y%
4) dieerlexi dgdy Wy = v
(5) Huugld dgdy Hy = m
(6) A dwr-l dous I = m
5025 E 1.1: dieedlel 1 [Alaziallzzl s adis-l
) wld [gdRafan--l dsiad ARl uuiR adl [Qgdnais
[diczHlexd adis ¥ (V)] [ M@l »adis 1 (mA) |
1
2
6
ARAZ1AL
(1) 5[ E 1.1 4 salodl 2R dizel 6 991 a2l RgdRafquidl dsiad (V)
A duidl AR ddl [@gduats (Dl suav el
(2) 2UAvAL 3l A58l S A ARl 2AAY A S0l A Fedl Ul
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AR AV Al (E 1.4)
ROV T T—— .
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2], R 2 25 dolls €ls 21a304 i AR 2 ell¥d AR 6. AV v AT 2 visi
dlei{lex A ialedl dgnyu Hu 8.

ulAguu
(1) 20Ud direl 6 931 a2l [EedRafau-dl agad 2 [@edias ue wla dd
oledld 6.
(2) dRAl s dois €ls AU (R + AR) = ( + Qm™).
Azl

(1) uRuaui diealex Ariadl 2 2aflex felHl Add €lg AdH. [Qgduale
Bl 941 UR el M sl BRL 8L YR olglR +{lsdl 8 d uRL AsRAL.

(2) dRMl Add dddl [Agdudig dld drq Bir3dl oy adl Asal A2, FUR
wadlsdl ddl €l AR % 50 SRl
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ARAL Geanl

(1) GuapiEi dlfid diz AMA 2110e BAAdL 4 €15 U3,

(2) s dr-dl doild dieedlerl s el oflm B8 Yl wudl s,
dleiflerdl 9l WA dleonda dirdl dousa LuAul dadul, dl d dous-l

Wusdl AR 2l u 8.
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(3) uRuyl diol MY Yl Add [AgduaAe YR Udl 2l 20 dl oAl T e ?

AR alRLL RARL [ ugfil
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