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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;

(j) 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 X1l 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 (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 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

before law and equal protection of laws;

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

by abolition of untouchability and titles.

Right to Freedom

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

of certain protections in respect of conviction for offences;

of protection of life and personal liberty;

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

Right against Exploitation

for prohibition of traffic in human beings and forced labour;
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;
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

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

Right to Constitutional Remedies

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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d el add 8. clidsl@sindl s, verinl Agilds wedaed Fed
ol WAIBLs 51 B, 5165 U5 g121 Widisll 2d wadotanonyi wdaL saduel
dettHl sttt del saidl ulbainl 2Aldl Asoudd sladl siqeld dad ©.
WALLUOUHE Ad YL sl 2 Hade Rl [Eedwa scell d-usl
AailFs 2R, dilbs [QRRaRel, dsuold e[25ie], vl w9y, 98
ursatel audl, asl@is ugsiel =laou, o, vid, d waleieldl Fdl ALeii-l
(st 21 9. 1oL senl ansael sal-l, vtadisd scll 2 veald quialsl
slaedi-l ugl [as i 9.



Aglrd s4Rgau 34 A5 (NCF-2005) dal MBS 2l G2AdR HILABLS 5811 20U 54
(NCERT-2006)4i allviaai-alviail wEdl sa-si wdibis s vor o Héw
2l 6,

NCERT 2| Hdl »{ods4 U AR efllisfasiia Q181 - 12 Hie wisayds usiliid
52 9. el Ysul [Aetaiziia Axwal. ellasfastil YAdteoml d- Asa- sl dal
ctllctslastiniel 2eaiusul uddl [Auaad He 21 WABLs wds [@suiaami 212
9. WAlBLs cllasfasin adsl Hea 2uad [Rendlid wBur xAREBd eeud
(BeullZd A2al uRELM AR vt Glad) ollsdel dal AoLSl s1Hi waloL U
WRBd 5214l 9. alou-AL WABLs 518 Ml 8al oA AHgal HIZ 2L
WABLS Yls Hee3u A Heddis AUGId 22l dell 2Ll vt 2Ud 9.

I 1.2 i s Sl

clifasastin geacl aeriziia AHAL AL ASOUAA D9 A AL AL AHARAL
BUALRL 2512 2 AL WaLld M2 sl 2ud 9. clilfas(@si wdlBis
5124 ‘685 s ucnrl? G5 ulsol () 9. d [[eudld 2t 52 & i
dulAAL ol AN €9,

uALoL 1udl UL eAHUIA 5109YAs A dotssial HAdlsHLAL 18]l ealsaoid
242dl ALl %2 (group) AUl AYsd A2EA ellvial-l Aa1asdl Yyl wid €.

WAIBLs clilas@stia-Al 2eausHd) [@Qael qaed Masl 24 Rigidl 20aiRd
UL 5L i el Yel HIUAAL ALEALAL GUAPLY] M HAAAL AEH 6L 9.
widiBis s alvididl Haed Slaedsl s 52 9. clifasf@si-adl walbis
s RS uHdL you slaedl-l 12 Al 24 9

I1.2.1 sican (wllBes ua-L) Sl

NN N

ol Al (2lvei) 1A weudd olotdl LA AL dl drtHl diBLs siiHl olsaRl-
Saea-l [ sl
(i) Agilis 2 UHLAL Svil a2l Aol 11,
(i)  wdL sl ugla (a9 v o,
(i) ALaAledl 410 sHL dlsaRL 53,
(iv) Al AU, Aot 4ol stiugld 2 Rigial dloddl A5,

~

(V) sl Al Maiel 280 e de @gdd i, AR ddi? 2dld.




(vi) A 5 dd al5dold s [HalRdl s1oyds A 2ayds dld-sil
Gulol 53,

(vii) daldA wuL 52,

(viii) 2lsALSYAs BAELs 52 A AL

(ix)  AAHL AU HUSAL 45 2 410U ST HsHL AL A,

(x)  uRaud-l 2isarsel a2l 53 2 dsdl Aoy WS 2is AR U 52

2 AL AL5ALSAL 2190 A55] 53,

(xi)  uReuns 2dued 59, Rigidd ASIA 2 dRE dvl 14

(xii) ALY AL, dot, 4o, geadl 33 udeoll s Alel WAL YAIRL 53 ay
A9l HizeAL ALl AL sql.

1 1.2.2 QAU Sl

NN

ol AL (A1) {12 eudd ollotdl LAl A dl Al WARLS s1dHL vaelsisly
Saeu-l Qs .

(i) A (A9 aid 2 gy wus 2l vl elifasuli wud 53
(i) 2adls Adiadl avid AL sHoLG AR,
(i) gl ddlHl 0aAdlyds xadisq b,
(iv) 825 Hadls 2ad Ad a4 quid Yialdd sa12] sadisul siadl »4s

Al w2ldl wsi 6.

1 1 .2.3 us-51 0

N

A 2,

L (ellvteiz) {12 ospude suetdl vl Al dl dritHi Jvlis-Saesdl st 2l

(i) WAL AL WML UL ot

(i) dlR((B0) e 02 Rt w20l [gd-uRua UM 2 €3
(i) oo, dgud, [Rgdudie, usiasl Badl B oy v 219 d12 gL said 29
(iv) 410y uMRHIUAL Uil 24 410 YHIRHIUCAL GUalolL 53] A1 2 U

A SR,

11 .2.4 vSAA-519

~

o 21

Al (2lvirir) {12 oauda slotdl Ll AL dl dridi Aduna-Saea-l s asl




O]

(ii)
(iii)
(iv)

v)

(vi)
(vi)
(viii)

(ix)

(x)

WAL HI2AL S, A8, Guadril dlBd Yot Rigid, HadisH-slsl, 2RIl i
uReuuHl dloy Ud 52

A Eaall uglani wesi-l Aoy st Al gid 52

o33 AU Al AAAAlSAI] gl i QoY 2154 AR vAAis SI61HL iH 52
(3221 ustaaeiel YA Hiusl <id avid 210y Asil dgldn 2422

200e WAL Al uReLM AL 410U Aldls vis, H1oU Astil, HLsHL, AlsALSHL
UHIRL A[Sd %l 52

uReuHal Al ardl 52

ALl Huleill 2%d 52

2BASAL 261512 3 2el51R 5UML 2Ll 1 d-ilL A1209 salld

Hd HacisHdl, HUEL Aadl €3¢ AV d1oy Adaed 53] dRE Had e

53 50 el ul A9l Esil 2astel sald

A £9cll, a8 Megreril Ml UABUHSAAL (514 it elnsl sou e Slaedl vla

I 1.3 weitis s @b Sqil

WAIBLs sl (AR il als uBuL 2[00I 2uild Slaed 21 GaulRd AR

gulld Slaed adllsd 530 asiu 8.

1 1.3.1 ulZul 2[M21[Hd vua sl

2l (el )1 WAIBLS S1AH1 WAL 2eRIH vl Sl [sid 530 asiy, o
d {12+ oloidl HI2 qaH Sl

(1)
(ii)
(iii)
(iv)
v)
(vi)

-~

ol o Aoy Aol AL AHAL 1AL ULl 53 2 d U1y Td wad.
Al AL Q1Y Fd s 52,

ALl AR 244 Al Muleliid B 2 dsf 1580 52,

AL Gualal dl8d Rigid/H dvl,

wEls Al HIZ HARAA 2% dUIR 52,

ol %32 U cul Alee/B3a vusla/lagd uRuadl %9 s AmFEadal

sl 1R,




(vii)  UAIOL 5L ALHA-l 419y dlsaeil 53,

(viii) 18-, 41480 A AL 5109y s GuloL 53,

(ix)  Adistl U 2442 531 A5 dal UR6OIA 2000 2 dedl 2AJAA 2Ll HI2
49y HIUAL 52,

(S

(X)  $109d AHUHL A1oU 35U, AL5ALS A Ald2diyds wdloL el 52

N

(xi) AAdd HURBdlA ALAMHL 2% 53 A AU UMY Ul s3] 410y
YHIRHIUAL GualdL 53] 2Udm €13,

(xii) i HUldl, 2padlsHl, a8l 2iA 1R AL B2 YRl diRel Y0,
(xiii) WAL A1 AsUAA Rigid, Yald 20 walRL g3 AvaA] 219l
419y Jd vl 53,

(xiv) AL A4 530 el Yeollsart 5.

(xv) wapanaHl siduglt 12l wipied qoteBisi i,

I1.3.2 couesanfia oA 51U

AL (AR )1l WAIRLS 518941 Gedle s-24[R013d 29 t1d SlaiedlL st 530

A5, o d AlAAL sloldl HI2 AaH S,

(i)  WARHL QUAAE AL e AHAULAL %EL YEL BUIA AN,

(i) walotdl FuvilL BIARAR AL lsd.

(i)  2adlsl A8 A UuglaAa HURAA A 2 2udvla ¢aal Ailvas
[saua-l lam yil wl.

(iv) 2Udu, 2R1dI] a3l GuAlaL s3A AAdlsAA Ugldu Y 52 WA
AR Ayl Ul 2iHit diRd.

(v)  ~tfa sadisdia aollsa 530 2t d-d wdaend 530 uRRuma A a3
N NERE)

(vi) WAL dIRRL YR 2R 2ARAS 2<ls12 3 2121512 52

I11.4 wuaee AL

g5 UARLAL 2lAu Geal Ucda 5 ula Ad Sedls olilasAdl yeud Mual -l 9.
all WAL 1AL Heui Sedls ARBEAL ald 9. A2 [ 51 wuq S as

8. Beals ol gl Wl cllasARd 21 WAIBLS Hed dril UHIBId 3 4120 Hed
sl SE1U A2l S1S U3, HIRL S 1S cllasABLd WBLS Hadls s2d He @' e




dr WY Y&t @, B. dsldd (@ — a,) = e < HWUAHL 2dd AR 58 O, WY YU q,
HieLedl ARl €l el 2 21l 242 e < [Mua Hew sild 539 254 A2l dy i e il
AaLe1L Yeurl viele Haddl asd 8. A1 ielFd yeud wAlds AR 58 8. 3u--L

-~

AL ABTH HIY AL Q8 Huel WS AL vddl A IR AR GeMd ©.
WLl dptaTitd 2R WRRUMHL 2idd] Wby AABddL sl s3 asi 9.
MBI A Hed 21 wiBls dd Wi yeud qal Yeusdil Aws ds o 9.
AU 21 WAL Heudll A Yeurll 4sdid Wy sald 8. oflew oudy, % 515
AlasARA Ssl s WAl 53 5304 yraalid Ad wudui 20d d, 2add yedl
vsoilonall Aedl G5 A5, 2L Faldl vad WABLs MEdIHL [Ed1R 21 WAL 2l
ALl ALsASE WU gald B, Al [[RdiRHl Wby Yeudl ddldl Hed adid
2AL5ALES ALEAL UL VUH, HRAURY A AL 6L 2161 v ([Ara-t) 8. nug)
2L A YUl 125 WY pAR s 21 WABs Rl s (dispersion)d
HIY g 8. 2w Az ol 43 3 AlssaiSel Aade wAdBLs HilRdl sel 2l «
Ul €1, (ol 8l ordl afRd ARYIL 1R Gl dl) Ut Feldlrl @ILMOL el d
AL QTR WY A8, Al ©.

WAIBLs ARYIA 6l usiRMl adilsd 531 Asid. (@) AARAA (b) AHaRAd, AARAd
AR Geotaainl s1RaL (i) viiHlsd 18 (Fll 3 alFur Seluai-l 9= 212) (i) udlol
sl 03wl 24 (i) HadloL s34UR Alsaedl eufsciond vl caalad 21 2idl
AR B 3 il YA ol uidl astd 8 2 ABilds Ad dn g2 53 wsiy 8. sedls
ALY dalRad sLRHL (i) wdsile 25 2d alyr sdludai o= s\
(i) ‘dls 512138 (backlash) 22, AR HIHSIREWUAL 2571 UM 215 [RWHL 24 el
4o (2ol 3¢l A4S Al U AR AUHA AAdls WIVR L 3aA41] HAdl
2dR Sl 2 €l 9. AL AR [HaRdl 2 25 % [l 526l vadis Hinaui
20d. (jii) ol AR HHadl s AL UsLAA Lol HIUUZL UR AR iR WMl
2lacl G1d AR Ustelld 08 422 12 SR Hag el A1 et Haddl d-l dslad-l
BHA 5 olieotlsl 33 8. (iv) %L A6l Y1 €1 2l AARAUA A2 212N Wl S, el

220 28 d I YL UAT A B U Vvl AARAA A2Ysd o 9.

sedlls WAL YRRUMIHL Hafd AR © F S d alldal 2 s o clilds AL g€l
o€l Tl Huami 2114, oA 215 % ellfasulBil yeu 6 g€l el el Hadd €l 2=

aui el {12l dstad $ld, dl dui afd 242 dlai-l Acua-dl 8. WABLs yed Aalid




AlRAL YHIRL uesl ueL AR Hud . 2dl afdl (ousl wdl) AP 5 %L GedlHl
92l widl asidl el dud valRRad AR s¢ 8. mualid ARA Rl wsidl
2 AR AR Alssy Hed Aanddidl 515 d A2l A 9l d-l 1ol 2 o efilis
AR 215 % uglall AR Aadis d sel gaidl wsid © 2 wid Brdid A1
He Aami »1d 9. (813 [A21d 112 Physics Textbook for Class-X1 Part-I, Chapter-
2 NCERT, 2006 %il.)

UARLAOUHL UL $cll avid el el deny HudllL gel Yel Uil Heeall el
el MUlcLsAM U s2UL 24 8. F AlAA A3 WU S2UUL 20, 1Y, dil
AT Y Sl WU HeHl 242 diiR o Sl dd algeludl qidl dai 2ud 9. 08x
a3 18 A1l wuidl icl Agl AL AHY D AL gy Wus Hedd AR dls
Adidl 2Ud 8. ol AR AR Yt A, Sl 2 drl @ B2l QYTH HUAOUL A4 A

WAl A Hed A € dl,

wul £, L A il ey Aa (AiRLs) AR sdanl 2ud 8. ddl % d, ol wid
M B M2, el wd

B=B,(+f)

¢d, 5165 AR AR 5 Z, (1AL Ao 6121 A 25l B L Hiud ey vl oiidl 520

ASIY dl,
Z=AB

¢d 2UuRL ARl 53¢ Z AL el BeMadl g AL (Aaa Hedd AR)~L
AL 5302, 218 Avil wslL 5,

Z=AB
= Ao (1 £7)By (1 £7y)
=AB, I+ 1,1+ 1 1)

= ABy [1 £ (f, £ f)] [8 £, 27 £, aell <l At ¢ dl dedl 28usiz




Sy 2aRiell asiu]
Ll Z~ Zo (1 £ 1)
ol ZAl Yl Geatadl »iRisafe £ Hedu yeu |f + ] %24 1S us.

oil o119, ot ABL Y ~AlA-] Jd 28l a1, dl

A Ao(1= f,)
"B By(ltf)
A
=Y, (1) (1% f)"! ('.'YO :B_z}

=Y, (1xf,) (li Ip + sz)

=Y, 1)+ 1)

~Y,[1£(, +1)]

HAWY =Y, (1 ££) 24 f, =1, + 1

ol Yril ottt Henu 2tils AMHBddL £ 2 |7, +f] o 2l 21l AL S Hedu
25 2Rl 92U BHRAA .

AHIR 24Us (BRUHL o ABL P A4 AR x, p, z 4912 Ul Yot P = x4 0z¢ ue] agll
st dl P efl a1l viadl Heds e A2 £, Al Aot gl >l asi.
Jp=lal £+ 1blf, + lel 12

2L GuRell %S sty © 5 A[ P AL Geotadl 2se wle 242 £ ded Wl e3s
clllds M-l e AR £, 2 A3 Ul Ml 8ld @, b, ¢ QO U ULl 2R ©.
ol ¥ odllets AR Al A0l adiR €ld, d elfasARAL HiuAui uba o4 agdu
Al ASH. 2l Al sWl af f,+ B £, + |e] £, 2R 25eR wla AR fp H

AULASHAL Yedrl BNl 6.




g U AU 2iellFd 22008 (aal Wby AR)l addl s 3 %L Yotui wau ofllis
WAl MU 53¢ €l drll AL Adl A

Raldrausdl vis, 4o Hiay YAl Aol 120 218l asia.

Mgl
T 4bd’s
Ul M gei¥ir, g ARcaAuddl, L 24 doidiR 214698 4lddl didl A0l dons 5 o+{l uglous b i
HAUS d 9 A § 21 AUML Au (Bl [Baial ds (AUl Ad) 5 o 6l 941 U AR U 25cld
Hele [Gig U M gl destadl 4o 8. (dugld 11.1)

Y

¢d AlRAlAs WARIML g4I M a0l 1 kg Al d 8. A1 d gedHiAHl AALSALS 1 g 52l
QIR L LS A3, dell 2 B AU 3 gemle MUl HIZAL WA deld dgay Hu 1 g 9, e, 2B

1 N
AR £y f Al £y, =1 x 1073 8.
g
HIRL 5 9Ll HEd g = 9.8 m 52 €9 viel ol 56 AlHulaL 242 Htad, Al 2uel gHi il oAl
Ll 2ed 5 f, =0, Al Al deusS L, Rl s I mel 2t d 1 mm=0.001 m 48

Wiy, 1l i HuuglHl qeesdl Hiucusl vudl ©. suel dond Lui suadl tifus AR £,

_ 0.001 m
1m

7 =1x1073

wedl ALl UElousS b A3 5 em V. % 0.01 cm @gdH WU 1AL AR Seluil weedl
Wiyl 2ud 9. dell, 21i[s AR £,

B 0.01 cm

=0.002=2x 1073
5 cm

b

d o Fd, Al A4S d |2 0.001 cm @8y Hual 2590+t GualaL 53¢ €9, ot A0l
4185 0.2 cm ALl 2Ud dl,

B 0.001 cm

= =0.005=5x 1073
d  02cm
4L, ds § % 0.001 em @8y Mo 2%l Heeall MUl 2Ud 8. % 5 mm €14, dl

_ 0.001 cm

= =0.002=2x 103
5~ 7 0.5cm x

g5 olllcts ABIAL A8 AR 21l elle, $a 8L Y Wi AU -] aaidl s34 dl,
Sy=M Syt e+ G+ DS+ B S+ (DS
=1 (131073 #1035 (1107 ) + 1 (25107 43 (5107 ) 41 (2107

=1x103+3x103+2x103+15x103+2x 1073
YL £y, =22 x 1073 =0.022




AISA T 1.1 :6iA BY 2um12 u2 2534

v

4 el oisu e AR (2aa HHAL0S) £, x 100=0.022 x 100=2.2 %

e =¥ 8. 2 L 5 ARL HARL W2, Vel ddi] s30A Hadd Yl Mgy

A AR fML %el %el Yeldl 22a 5 £, 37, £, 3fy 2L f; UL stousdl
U AU Heurdl sH-L il BT, g, A oied, AL 5 el Buni-l

516 AL vt % HIZL oiefl AU A frd HEL HIo o Ue (M) UL

551 2. % 249 ot dl 6{12 AR HUA A2d 6+l 2. 24 s
M

o dolls) Lef WUt W2l dgd™ “u, (0.1 em)aofl iuugl o o «isdl
gt Al M sa AR g 247 §ef MiUrt 2ArisH 2590% il A2 A HUAUHL 2 & 5
azsiadl FHed, @gdd WU (0.001 cm) & dal % efllis AR YoAui dlals

qa €l ddl olifas AR F<l 3 d 24 L 48R s10%Yds 11
g HiudLon Al Heedl Miudl ASHL. Wieletotdl wdilg edls olilds ABLAL Hiussd
Sl wRRUH % G119, 2L HU Hed A Zd udlond wReuy sl 8, uRRuHA 2%
Sl $HHL YA AR olloldl 33 8. Al WU Yed, WRRUHHE el 061508 (Hadl
WL AR) 2l 2sH 5 FHi ML 2% 53 B, 1 A HUA HEL AR 2L drl 1oy, 254
AR, Yed + 212 (F5H) 23U 2% 52UHL 21 B, HIRL 5 URRIH A+ a (354) 2430 sala
9. 1L 2Ald 9 5 et A Ui 2ielld HALSAS % UL D5 GUOL 1A B, UL A Hel g ol i1 6,
ALHLY DAUAUL 2AL AVULAL 618l 15 Al B § Bu-Al [QaA-ladl meildl © 5 o4l
YA 215 5 % 2AASSA O, UM, ol o [[audly 2isl Aldd wan 2B 205 @ou 2d4d
AL S AvAL 53U B, HILd Heurdl Aleds 2150212 A8 it Gl €lal ASHL. Rl sdisl

ol HilAAAL Ydd Beleadi Y = 18.2 x 1010 N/m? (dd2eul s34 »utdl suledld

IR YAl 2] 53 AL Hed dURAL) At

AY
W <= f
LAY= frY

=0.022 x 18.2 x 101ON/m?
=0.39 x 1019 N/m? oul AY WallBis AR €.
2l Yo 2% s 4ed (18.2 +0.4) x 1019 N/m? €ld, 5L,

A=)




I 1.5 agols (Logarithms)

(i)

2UE HLEIR UR AvAl-l @8olRLs (Logarithms) Bldel vl € 5 %l 2AUR d AvadiA
dedl ald dls 2% 53 9.

A a* =N ¢, dlxd gril 2UHRHE Nl q8218Ls (dPIREY) 56 6 2 d- log, N ld
2% 504 (log N, aeil AL U M d1y) elutdl dls 24 = 16. 2ul, 16+1L 2+ 812
U2 log, 4 9 14l log, 16 =4.

AL T, SUURL 107 UL AUl il qgouas (dolREu) Gudlami dsut
¢l 2l log 10 =1, log 100 = log 102 A=l d %61 10l ALUHE Q82125 (AOR4HY)
AL 2 log a3 @viiy €9,

AU dgRLs (AURYH)

AvAleAl @goLRLs (QRLRYM)HL 6L eldL €l €,
(i) yaual (Characteristic) : il Yails ool &, (4ol wislas 2vyl)

(i) »yelia (Mantissa) : 21 YRS G121 9, AHLA Td 212 UgldHi saladimi »ud 9.
(atyelial ®ioL 991l e S1d B.)

(ll Avai-l yala (Characteristic) Gt 3dl 2ld g5 s ?

NN

Yol GUoL ALULAL HEL U BUHIR AV O i d sl Rl AL 2R
1551 5L U B, s sl ML AvAL |2, yRuel A 2 sain Rugasl sl
6o11% AL VisI-L AvUL 52l 25 VUL S1Y 9.

25 52l il Aval (Fed 3 saial xyRlls) w2, yeila el Siu 9 i sl
Rrget 2 wad 2is qa-AL gl Aval sl 25 aHR Gl 8. el dlls,
SRR TRV TE

430700 *2 5, 4307 12 3, 43.07 112 1
4307 H2 0, 0.4307 *e —1, 0.04307 12 -2
0.0004307 12 -4, 0.00004307 12 -5,

oL yeia M Ad 1,2, 4,5 Ad @i © 245 6012 1, 612 2 9912 Fd d2i 9,

I1.5.1 wvard 2>y (Mantissa) G 3ol Ad =541 s29ll ?

UYRUELL CUIL HEL 215 et dril $3 UR SUHIR AW B A 22i9l Rigrinil 2212l 2adat
G 9, %A s A drdl 53 AHIA SIU L YT WL AHIA S1UL B, Ul @A gl
Rt 22 od d Sl

ny



UL . 266-269 UR A dya1ELs (ABIRM) S1%es 1 24 2, $5d >yl eliol
UYL 9. o ALHL I AR 2isl dLcAd]l AvAUBLL HIS O A, % AVULHL AR 15

NN N

52t At w15 4R1adl €, dl d-l yaila euol s8] sul elle dA AR AHisg yHl

S
G

AGS A5 SAML A 9. YR ALOL As5] 2L, 26teAl GualaL 1AL 23U

N

QuuIl asi.

(i) U0l Aval-l YAH 6 A12ds IS S1esel Al s1ofl oLyl MUl 3 FHi
10 219 99 ARl 315 €9 dHi WHAlAL 24 10 5l ALl AvAL W2 Av1A

10 a3 ol tyeiisl GaL Al 2ud 9.
(i) AulEloy L AL Gustl deml {130 yerol AL 0t 9.
0 1 2 3 4 5 6 7 8 9
% 20 Arl H{lon Aes isA 23U B,
(iii) €2 ol ologil ot AL A s vis AU vl 13 oo 2t 8.
1 2 3 4 5 6 7 8 9

BELERBL 1 1 278.6+1L d8LRLs HALdL.

gl A ol Rl g6l ol 3 2050 9. el d-l yalal 2 9. 2yaiia
4551 524l Hi2, elal Pgred 1018l 4 Yoy Glowl Al 27 gil. 8 Hi2 dA-l
12l GuaHl el il 27 ol uxEilaes Ad ouell ooy 24 8l [BIRide [Rami
{12 g AL dudL . vl T UL HIL B d [big WA 4440 @rial €. 211 278
Wizl vyl 8. ¢ ay AuHEe Rl 2000 qtl 2 dstddHl sladul 6+l
BiRidor siauul 1A %ot did 9l s Hudl, el 2786 “I2 yeiia el

4440 + 9 = 4449 93,

212l 278.671L 482LS 2.4449 (A9l log 278.6 = 2.4449).

BElgRM@L 2 : 278600+1L @8oLRLs Hadl.

oFLL : 2L AvULALYRITSL 5 24 2YRITSL GUOL BELERE —1 HogoL AHL- % UL, UUEL UAH
A2 A5 il 2yaiia eoL albal-l 8. e, 2l el 6l 9wt 21a1e]l A,

" log 278600 = 5.4449

BELERB 3 1 0.00278633 L d8oLRLs Hadl.

st : w1 vl Y 3 B 3y suisl Rlerd uedl 6 9l 9. BUuBL s5d WA AR




C et b ] = AN N . Y
AL 5L HIR YRS @l AL w51, 2, 2UuBl Dedl 6L 215 (33) 2oLl ast
el 2786 W2 Yol GldL 4449 B,

*. 10g 0.00278633 = 3.4449

QUL AVUL 4 ALAS 2i5 5l A1 S5 B Sl AR AvALAL Deetl 215 5 Fedl 2l
52l Hi2l ¢l dl, d sl sieil ougel drd-l »is 15 aqizl gdiedl 2 d % d D2
5 AR ALALs 25 olLSl A il YL 20010 A 249 o Beell 215 5 sl AUl i dl dn
20181, Fdl Fd Gur-l BelgrIul AR O,

ol BRI U1 AvUL 2786.58 €1d, dll deetl s 8 9. il Ul el dd Sieil el
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8 e ALl vis 530l 8 9.

(i) wlagoes (ALlABiRa)AL 2oianl udal RRldor siauui 0.80 gil.
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(iv) yeliol 1 0. 21l 25 52di 215 AU Fedl »is %33 AvaidlL Yals tdLHl %Y
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211%{], Antilog 2.8088 = 0.06439

agoLas (dBlREM )L dLeil :

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

(i) log,m/n=1log,m—log,n

(ii)) log,m"=nlog,m

CERISES [RETRETRE

log,1=0 (2l a®=1)

1+l 515 uBL 2R U2 log i AL 2 log, a = 1 (2], 21+ Yidi-l %
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I 1 ,6 ulgsl?lf: AS/s1RUOA s s (Natural sine/cosine)
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I 1 .6. 1 Natural sine 513254l 2dAlS

HIRLS 2AEL sin 35° 10 < 4ed g €. uell, {2 Hower sl atl asia.
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cos 82 9 d ¢Slsdd UL mean difference olle ScUML 1A 9. Gelewl d3l3,
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el AB. BBl oL AAAlSTL AL AR AHY saugAlAl 33 Yl vadlsl

54 pdl olfl % [RdR Yl dal us.

Al VAU A5 €A dl, Adal Al aMAU A% d 66l 7 LMl dlsdl el ugsl
VA S 5 AUl SUL AL AL WA dfladl 5251 Al HAdl. L [Grd1Rul
([AeaHl) a8IR Aadis dl. sludl dls FAIR HedH vadl gy Bid Huddisdl
Sl QUL HeTH 5 dadd AlssA [Blg Hadal Al a1 Hadis dal U8, BHS
agdu [AAa5RL (Sm) AlHdl Hi dHIR Smeil HUAUIRA A8 vadls dal Ul
“UURAL AL [BigAirll 29l uRL 1oy e €ld 8. 43 [Bigrl [Rdizs] uReuy
2 d HUEAIAL AL55ALS 2043U Sl B2 HAUBL s BelsR A5 5 FHL Ysd
Bigd © a3y, Bigrl siau adn 130 2% s34 B, 3[=u 2ug wld Hledl

o » c

Yeu 8. dduel X ey’ Rl Biosal 2 1201552015+ Wiy eld 8. o adosdl

S

oY ~N C

Bloal ql ¢l dl dell vtel WedlHl 2HaAssuls atil O, aydl 2 usiR-l
% A 2Ald B 5 X 2 Y 28 U 2AlssALS suniA 8. ofle Gurlam
datell 2 AL S % GUR FAAHA AL RAA D A @, A, W, A, X, PR D,

ol X-2Hal i Y-218 U AAABAdL el %l €l dal Bruul quldl sedls
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el owtl Bigail dsil uR & el Ao i ousl-l ebl d-l 200y A d
AdALS A, AL AHUHL 200G HEAIAL UL elRAl 5222 GualoL A 8.

11.7.1 YRuL BUAvHL Gl

N

AV, QUL 210 m {lAH] Ad vuRd d1 €9,

=)

m=22
Ax

ol Ay 2 Y-8 U dlfa olilasAfAl Heaui adl 33512 8 v d-l 23U X-2Ha uR
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