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tZio-b-Km\w

P\-K-W-a-\- -A-[n-\m-bI Pbtl

`mc-X -̀ m-Ky-hn-[mXm,

]©m-_-kn‘p KpP-dmØ admTm

{ZmhnU DXv°-e- _w-Km,

hn‘y-ln-am-N-e -b-ap\mKwKm,

D—e Pe-[nX-cwKm,

Xh-ip-̀ -\mta PmtK,

Xh-ip` Bin-j -am-tK,

Kmtl Xh- P-b- KmYm

P\-K-W-aw-K-e-Zm-bI Pbtl

`mc-X- ̀ m-Ky-hn-[mXm,

Pb-tl, Pb-tl, Pb-tl,

Pb Pb Pb Pbtl!

{]Xn⁄

C¥y Fs‚ cmPy-am-Wv. F√m C¥y-°mcpw Fs‚

ktlm-Z-co- ktlmZc-∑m-cm-Wv.

Rm≥ Fs‚ cmPysØ kvt\ln -°p∂p;

kºq¿Whpw sshhn-[y-]q¿W-hp-amb AXns‚

]mc-º-cy-Øn¬ Rm≥ A`n-am\w  sIm≈p∂p.

Rm≥ Fs‚ amXm-]n-Xm-°-sfbpw Kpcp-°-∑m-scbpw

apXn¿∂-hscbpw _lp-am-\n-°pw.

Rm≥ Fs‚ cmPy-Øn-s‚bpw Fs‚ \m´p-Im-cp-

sSbpw t£a-Øn\pw sFiz-cy-Øn-\pw- th≠n

{]bXv\n°pw.



{]nb-s∏´ hnZ-ym¿Yn-Itf,

Np‰p--]m-SpIƒ \nco-£n-°m\pw efn-X-amb ]co-£-W-ß-fnepw

At\z-jW{]h¿Ø-\-ß-fnepw G¿s∏-Sm\pw ap≥ ¢mkp-I-

fn¬ \nßƒ°v Ah-kcw e`n-®n-́ p-≠-t√m. e`n® hnh-c-ßƒ Nn -́

bmbn tcJ-s∏-Sp-Øm\pw N¿®-bn-eq-sSbpw hni-I-e-\-Øn-eq-sSbpw

Bi-b-ßƒ kzmwio-I-cn-°m\pw ¢mkvdqw {]h¿Ø-\-ßƒ

klm-b-I-am-bn-´p-≠m-hpw. imkv{X-Øns‚ coXn t_m[y-s∏-Sp-

∂-tXm-sSm∏w Ah \nXy-Po-hn-X-Øn¬ {]tbm-Kn-°m-\p-≈

tijnbpw B¿Pn-°m-\p≈ Cu {ia-ßƒ°v XpS¿® D≠m-hWw.

H∏w ]cn-ÿnXn-kulm¿Z-]-c-amb ImgvN-∏mSpw cq]-s∏-tS-≠-

Xp-≠v. CsX√mw Ign-hXpw t\cn-´p≈ A\p-`-h-ß-fn-eq-sSbpw

At\z-j-W-ß-fn-eq-sSbpw Xncn-®-dn-hp-I-fn-eq-sS-bp-am-I-Ww.

AXn\v DXIpw hn[-amWv Cu ]mT-]p-kvX-I-Ønse Bi-b-ßƒ

Ah-X-cn-∏n-®n-́ p-≈Xv.

Bi-b-{K-l-W-Øn\v klm-b-I-amb ]co-£-W-ßfpw Nn{X-

ßfpw hni-Zo-I-c-W-ß-fp-amWv ]pkvX-I-Ønep-≈-Xv. kml-

N-cyhpw km[y-X-I-fp-a-\p-k-cn®v DNnX-amb a‰p {]h¿Ø-\-ßfpw

Dƒs∏-SpØn ]T\w IqSp-X¬ ck-I-c-am-°m\pw Ah-k-c-ß-fp-

≠v. Nn¥n®pw tNmZyw sNbvXpw Bi-b-ßsf hna¿i-\m-fl-I-

ambn kao-]n®pw A[ym-]-I-tcmSpw kl-]m-Tn-I-tfm-Sp-sam∏w

At\z-jn®pw Is≠-Ønbpw apt∂-dmw. Cßs\ ]T\w B\-μ-

I-c-amb A\p-`-h-am-°m≥ \nßƒ°v Ign-bpw.

Biw-k-I-tfm-sS,

tUm. ]n. F. ^mØna

Ub-d-IvS¿
Fkv.-kn.-C.-B¿.Sn.



A°m-Z-anIv tImUnt\‰¿

tUm. B≥kn h¿Kokv

dnk¿®v Hm^o-k¿, Fkv.-kn.C.-B¿.Sn.

]mT-]p-kvXIcN\
inev]-im-e-bn¬ ]s¶-Sp-Ø-h¿

Nn{X-Imc-∑m¿

apkvX-Pn-_v C.-kn.
Fw.Fw..--C.-Sn.-F-®v.-F-kv, ta¬ap-dn

temln-Xm-£≥
Akokn _[nchnZym-e-bw, aem∏-dºv

D-Æn-Ir-jvW≥ Sn.sF.
slUvamÃ¿ (dn´.), F.sI.-sI.-B¿.-F-®v.-

Fk.v t^m¿ t_mbvkv, tImgnt°mSv

{]Zo]vIpam¿ sI.hn.
F®v.Fkv.F. aqtØSØv

F®v.-F-kv.-Fkv, Xfn∏dºv, IÆq¿

kptcjvIpam¿ sI.
F®v.Fkv.F. F.Fw.-F-®v.-F-kv.-Fkv,

Xncp-a-e, Xncph\¥]pcw

F≥.hn.kptc-{μ≥
F-®v.-Fkv.-F-, Pn.F-®v.-F-kv.-Fkv,

Np≠ßms]mbn¬, IÆq¿

lk≥ kn.kn.
slUvam-Ã¿,

Fw.Fw.-hn.-F-®v.-F-kv.-Fk,v ]c-∏n¬,
tImgnt°mSv

{]oXn sI.F.
F®v.Fkv.F., i_-cn ssl-kvIqƒ,

]≈n-°p-dp-∏v, ]me-°mSv

]n.Un. t__n
slUvamÃ¿, sk‚ vB‚-Wokv

F®.vFkv.Fkv, aptØm-en, ]mem

-tKm-]m-e≥ F≥.-sI.
F®v.Fkv.F. (dn´.), sI.sI.-Fw.-Pn.-hn.-F-®v.-

F-kv.-Fkv, Hm¿°mt´cn

hnZ-Kv[≥am¿

tUm. ]n. tkXp-am-[-h≥
s{]m^ (dn´.), Un]m¿´vsa‚ v Hm^v ^nknIvkv,

Fkv.-F≥.Pn tImtfPv, tImgn-t°mSv

s{]m^. Pn. inh-i-¶-c-∏n≈
slUv (dn´.), Un]m¿´vsa‚ v Hm^v ^nknIvkv,

hnsa≥kv tImtf-Pv Xncph\¥]pcw

s{]m^. ]n. Fkv. tim`≥
slUv (dn´.), Un]m¿´vsa‚ v Hm^v ^nknIvkv,

alm-cm-Pmkv tImtf-Pv Fd-Wm-Ipfw

{]Xn` ]S-\new
F®v.Fkv.F.-, sk‚ vtPm¿Pkvv Pn.hn.-F-®v.
-F-kv.-Fkv,  ]pXp∏≈n, tIm´bw

Acp¨.-F-kv.-\m-b¿
F®v.Fkv.F.-, kn.F-®v.-F-kv,
AS-bv°m-°p≠v, ae-∏pdw

dPn.-Sn.-tPm¨
F®v.Fkv.F.-,- Fw.hn.Pn.hn.F-®v.-F-kv.-Fkv,
t]cq¿, sIm√w

kPo-hv.-Sn.sI
F®v.Fkv.F.-,Sn.C.-Fw.hn.F-®v.-F-kv.-Fkv,
ssatemSv, sIm√w

sPbnw-kv.-Fw.]n
F®v.Fkv.F.-,B¿.-Fw.-F-®v.-F-kv.-Fkv,
hShp-tImSv, Fd-Wm-Ipfw

Ip™--Ω-Zv.-]n.sI
F®v.Fkv.F.-, Pn.-F-®v.-F-kv.-Fkv,  Ip‰ymSn,
tImgnt°mSv

A_vZp-≈ It≠mØv
F®v.Fkv.F.-, F≥.-F.-Fw.-F-®v.-F-kv.-Fkv,
s]cn-ß-Øq¿, IÆq¿v

sI.Sn. at\mPv
F®v.Fkv.F., kn._n.-F-®v.-F-kv.-F-kv,
h≈n-°p-∂v, ae-∏pdw
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Cu ]pkvXIØn¬ kuIcyØn\mbn
Nne ap{ZIƒ D]tbmKn®ncn°p∂p.

A[nIhmb\bv°v

(hnebncpØen\v hnt[bamt°≠Xn√)

Bibhy‡X hcpØp∂Xn\v ICT km[yX

{][m\ ]T\t\´ßfn¬ s]Sp∂h

hnebncpØmw

XpS¿{]h¿Ø\ßƒ



hnhn[ h¿Wßfn-ep≈ ]q°ƒ, \oen-a-bm¿∂ BIm-iw, DZ-bm-kvX-

a-b-ß-fnse BIm-i-Øns‚ \ndw, AkvX-abkqcys‚ Nph-∏v, ag-hn√nse

h¿W-ßƒ ˛ F{X sshhn-[y-am¿∂ \ndßƒ!

Cu h¿W-ssh-hn-[y-ßƒ Fß-s\-bmWv cq]-s∏-Sp-∂Xv?

{]Imi{]Io¿W\w (Dispersion of light)

kqc-y-{]-Imiw Hcp {]nk-Øn-eqsS IS-Ønhn´v kv{Io\n¬ ]Xn-∏n-®p-t\m-°q.

GsX-√mw h¿W-ßfmWv kv{Io\n¬ Zriy-am-Ip∂Xv?

$ hbe‰v (Violet)

$ ISpw-\oe (Indigo)

$

kqc-y-{]-Imiw am{X-amtWm Cßs\ LS-

I-h¿W-ß-fmbn  th¿Xncnbp-∂-Xv? \ap°v

]cn-tim-[n-°mw.

{]nk-Øn-te°v Hcp tSm¿®n¬ \n∂p≈ -

{]-Imiw ]Xn-∏n-®mtem?

kqc-y-{]-Imiw

Nn{Xw 6.1
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tSm¿®ns‚ •mkn¬ IdpØ IS-emkv H´n-°p-I. IS-em-kns‚

a[-y-Øn¬ Hcp sNdnb kpjncw D≠m-°q. adp-`m-KØv Hcp

kv{Io≥ k÷o-I-cn-°p-I. tSm¿®n¬ \n∂p≈  {]-Imi_ow

Nn{X-Øn-teXpt]mse Hcp {]nk-Ønte°p Ncn®v ]Xn-∏n-

°q. kv{Io\n¬ F¥p ImWp∂p?

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

h¿Ww Xcw-K-ssZ¿Lyw

(\mt\mao‰-dn¬ nm)

hb-e‰v (V) 400 - 440

ISpw\oe (I) 440 - 460

\oe (B) 460 - 500

]® (G) 500 - 570

a™ (Y) 570 - 590

Hmd©v (O) 590 - 620

Nph∏v (R) 620 - 700

X∂n-cn-°p∂ ]´nI ]cn-tim-[n°q. AXn¬,

$ XcwKssZ¿Lyw Ipd™ h¿W-ta-XmWv?

$ XcwKssZ¿Lyw IqSn-btXm?

$ {]nk-Øn¬ IqSn {]Imiw IS-∂p-t]m-Ip-tºmƒ

XcwKssZ¿Lyw IqSnhcp-∂-Xn-\-\p-k-cn®v h¿W-

ßƒ°p≈ hy-Xn-bm\w F{]-Im-c-am-Wv? IqSptam

Ipd-bptam?

]co-£-WØns‚bpw ]´n-I-bp-sSbpw ASn-ÿm-\-Øn¬

\nß-fpsS \nK-a-\-ßƒ Ipdn-°q.

{]nk-Øn¬ Ncn™p {]th-in-°p∂ Ah-k-c-Ønepw {]nk-Øn¬\n∂p

]pd-Øp-I-S-°ptºmgpw {]Im-i-Øn\v A]-h¿Ø\w kw`-hn-°p-∂p. hyXn-

bm-\-Øns‚ Afhv Xcw-K-ssZ¿LysØ B{i-bn-®n-cn-°p-∂-Xn-\m¬

hyXykvX Af-hpIfn¬ hyXn-bm\w kw`-hn®v Xcw-K-ßƒ th¿Xn-cn™p

hcp-∂-XmWv {]Io¿W-\-Øn\p Imc-Ww.

{]nk-Øn-eqsS {]Imiw IS-∂p-t]m-Ip-tºmƒ am{X-amtWm {]Io¿W\w

kw`-hn-°p-∂-Xv? \ap°v t\m°mw.

Nn{Xw 6.2

R

V

$ kv{Io\n¬ cq]-s∏´ h¿W-ßƒ GsXm-s°-bmWv?

$ kqc-y-{]-Im-i-Øn¬\n∂p e`n® LSIh¿W-ßƒ Xs∂-bt√

kv{Io\n¬ cq]s∏´Xv?

H∂n¬ IqSp-X¬ h¿W-ßƒ kwtbm-Pn-®p--≠m-Ip∂ {]Im-i-amWv

ka-\znX{]Im-iw (Composite light).
ka\znX{]Imiw LS-I-h¿W-ß-fmbn th¿Xn-cn-bp∂ {]Xn-̀ m-k-amWv

{]Io¿W\w (Dispersion). {]Io¿W\^e-am-bp-≠m-Ip∂ h¿W-ß-

fpsS {Ia-amb hnX-c-WsØ h¿-W-cmPn (Visible spectrum) F∂p

]dbp-∂p.

Nn{Xw 6.2 \nco-£n°q.

$ {]Io¿W\^e-ambn GXp h¿W-Øn-\mWv IqSp-X¬ hy-Xnbm\w

kw`-hn-®Xv?

$ GXp h¿W-Øn-\mWv Ipd™ hy-Xn-bm\w?

h¿W-ß-fpsS hy-Xn-bm\w hy-X-y-kvX-amhm≥ F¥m-bn-cn°pw ImcWw?

]´nI 6.1
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$ {]Im-i-civan Hcp Pe-I-Wn-I-bn-eqsS IS-∂p-t]m-Ip-tºmƒ

F{X {]mhiyw A]-h¿Ø\w kw`-hn®p?

$ B-¥c{]Xn-]-X-\tam?

$ ag-hn-√ns‚ ]pdw-h-°n¬ ImWs∏Sp∂ h¿W-ta-XmWv?

$ AIsØ AcnIntem?

Nn{Xw 6.3

Nn{Xw 6.4

ag-hn-√ns‚ B¿°v cq]w

ag-hn-√ns‚ tI{μ-tØbpw \nco-

£-I-t\bpw XΩn¬ tbmPn-∏n-

°p∂ tcJ-bmWv ZrjvSn-tc-J.

Pe IWn-I-I-fn¬ ]Xn-°p∂

civan-Iƒ ZrjvSn tcJbv°v kam-

¥-c-am-bn-cn-°-Ww. Pe-I-Wn-I-I-

fn¬ \n∂p ]pd -Øp-h -cp∂

Hmtcm h¿W-c-ivanbpw ZrjvSn-tc-

J-bp-ambn 40.8 Un{Kn apX¬ 42.7
Un{Kn hsc \n›n-X-tIm¨ D≠m-

°p-∂p. CXn¬ IqSp-X¬ tImW

fhv 42.7o D≠m-°p∂ Nph∏v ag-

hn-√ns‚ ]pdw-h-°nepw Ipd™

tIm¨Afhv 40.8o D≠m-°p∂

hb-e‰v AIsØ Acn-In-ep-ambn

ImW-s∏-Sp-∂p.

aghn√v (Rainbow)
\nßƒ ag-hn√v \nco-£n-®n-´p-≠t√m.

\√ kqcy-{]-Im-i-ap-≈-t∏mƒ kqcys‚ FXn¿Zn-i-bn¬ A¥-

co-£-Øn-te°v sh≈w kvt{] sNbvXpt\m°q. F¥p \nco-

£n-°p-∂p? {]Imi h¿W-ßƒ cq]-s∏-´t√m? e`n® h¿W-

cm-Pnsb ag-hn-√nse h¿W-ß-fp-ambn Xmc-Xayw sNøq.

$ Ft∏m-sgm-s°bmWv ag-hn-√p-≠m-Ip-∂-Xv?

$ ag-hn√v Ing°p`mKØp ImWp-tºmƒ kqc-y≥ GXp ̀ mK-

Øm-bn-cn°pw?

$ ]Sn-™mdp`mKØp ag-hn√v ImWp-tºmtgm?

kqc-y-{]-Im-i-Øn\v A¥-co-£-Ønse Pe-I-Wn-I-I-fn¬ kw -̀

hn-°p∂ {]Io¿W\w Imc-W-amWv ag-hn-√p-≠m-Ip-∂-sX∂v

\nßƒ a\- n-em-°n-bn´p-≠t√m.

Pe-I-Wn-I-I-fn¬ IqSn IS-∂p-t]m-Ip∂ kqc-y-{]-Im-i-Øn\v

F{]-Im-c-amWv {]Io¿W\w kw`-hn-°p-∂-Xv?

kqcy-{]-Imiw Pe-I-Wn-I-I-fn¬ IqSn IS-∂p-t]m-Ip-tºmƒ A]-

h¿Ø-\-Øn\pw B¥c{]Xn-]-X-\-Øn\pw hnt[-b-am-Ip-∂p. Htc

\ndØn¬ ImW-s∏-Sp∂ IWn-I-I-sf√mw Hcp hrØ-Nm-]-Øn¬

ÿnXn-sN-øp-∂-Xmbn \ap-°-\p-̀ -h-s∏-Sp-∂p. A{]-Imcw ]pdw-h°n¬

Nph∏pw AI-h-iØv hb-e‰pw a‰p h¿W-ßƒ Xcw-K-ssZ¿Ly-

Øn-\-\p-k-cn®v Chbv-°n-S-bnembpw ImW-s∏-Sp-∂p.

Nn{Xw 6.4 \nco-£n®pw \¬Inb hnh-c-ßƒ hni-I-e\w sNbvXpw

Xmsg  sIm-Sp-Ø tNmZy-ßƒ°v DØcw Is≠-Øq.

V

R
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kqcy≥ N{I-hm-f-tØmSv ASp-Øv \n¬°p-tºmƒ \ap°v Zriy-am-Ip∂ ag-

hn-√ns‚ `mKw IqSp-X-em-bn-cn-°pw. hnam-\-Øn¬\n∂v t\m°n-bm¬ ag-

hn√v hrØm-Ir-Xn-bn¬ ImWm≥ Ign-bpw. kqcy≥ N{I-hm-f-Øn¬\n∂v

hfsc Db-c-Øn-em-bm¬ ag-hn√v AZr-iy-am-Ipw.

Zriy{]Im-isØ-°p-dn®pw AXnse LSIh¿W-ßsf°pdn®pw \nßƒ

a\- n-em-°n-bt√m.

[hf{]Im-i-Ønse LSIh¿W-ßsf√mw IqSn tN¿∂m¬ ho≠pw [hf

{]Imiw e`n-°ptam? Hcp {]h¿Ø\w sNbvXpt\m°mw.

ho£WÿncX

Hcp Zriym-\p-`hw \ΩpsS sd‰n-\-

bn¬ 0.0625 s 
1 s

16
⎛ ⎞
⎜ ⎟⎝ ⎠  ka-b-tØ°v

Xßn-\n¬°pw. Cu {]Xn-`m-k-

amWv ho£WÿncX (Persistence
of vision). 0.0625 sk°‚n\-IØv-

H∂n-e-[nIw Zriyw I≠m¬ Ah-

bp-sS-sb√mw ]cn-WX-Zr-iym-\p-̀ hw

IÆn-ep-≠m-Ipw.

Nn{Xw 6.5

Nn{Xw 6.6

h¿W-ß-fpsS ]p\xkwtbm-P\w

{]nk-Øn-eqsS [h-f-{]-Imiw ISØnhn v́ LSIh¿W-ßƒ

kv{Io\n¬ ]Xn-∏n-°p-I. kam-\-amb as‰mcp {]nksaSpØv

]mZw (Base) apI-fn¬ hcØ°hn[w Nn{X-Øn-te-Xp-

t]mse BZysØ {]nk-tØmSv tN¿Øphbv°p-I. Ct∏mƒ

kv{Io\n¬ F¥p- Im-Wp∂p?

$ H∂m-asØ {]nk-ØneqsS IS∂pt]mbt∏mƒ {]Im-

i-Øn\v F¥p kw`-hn-®p?

$ c≠m-asØ {]nk-Øn-eqsS IS∂pt]mb-t∏mtgm?

as‰mcp {]h¿Ø\w IqSn sNbvXp t\m°q.

[hf{]Im-i-Ønse LS-I-h¿W-ßfnep≈ \nd-ßƒ

AtX {Ia-Ønepw A\p-]m-X-Ønepw UnkvIn¬ s]bn‚ v

sNbvXv \yq-´s‚ h¿W-]-ºcw \n¿an-°m≥ Adn-bm-at√m.

$ h¿W]ºcw thK-Øn¬ Id-°p-tºmƒ GXp \nd-

Øn¬ ImW-s∏-Sp-∂p?

$ F¥m-bn-cn°pw ImcWw?

0.0625 sk°‚n-\p-≈n¬  h¿W-]-º-c-Øns‚ Ggp

\nd-ß-fn¬\n∂p≈ {]Im-i-c-ivan-Ifpw XpS¿®-bmbn sd‰n-

\-bn¬ ]Xn-°p-∂XpsIm≠mWv UnkvIv sh≈-bmbn

ImWp-∂Xv.

IÆns‚ ho£WÿncX F∂ {]tXy-IX sIm≠mWv

\yq-´s‚ h¿W]ºcw sh≈-bmbn ImW-s∏-´-Xv. ho£W-

ÿnc-Xbv°v IqSp-X¬ DZm-l-c-W-ßƒ Is≠Øn FgpXq.

$ thK-Øn¬ Npg‰p∂ Xo∏¥Øns‚ ]mX hrØm-Ir-

Xn-bn¬ ImW-s∏-Sp-∂p.

$

Ggp-h¿W-ßƒ tNcp-tºmƒ am{X-amtWm [h-f-{]-Imiw

e`n-°p-∂Xv?
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Nph∏v

]®

kb≥

\oe

sh≈aP¥

a™

Nn{Xw 6.7

Nn{Xw 6.8

IT @ School  Edubuntu
hn¬ PhET se Colour

vision F∂ `mKw
ImWp-I.

]´nI 6.2

{]mY-anIh¿W-ßfpw Zzn-Xobh¿W-ßfpw

(Primary and secondary colours)

aq∂v tSm¿®pIfpsS {]Im-in-X-`mKw ]®, \oe, Nph∏v

F∂o •mkvt]∏-dp-Iƒ D]-tbm-Kn®v s]mXn-bp-I. Hcp

Ccp≠ apdn-bn¬ h®v Ch {]Im-in-∏n®v Nn{X-Øn¬

ImWp-∂Xp t]mse {]Imiw ]c-kv]cw Iq´nt®cp-∂-

hn[w shfpØ Npa-cn¬ ]Xn-∏n-°p-I.

$ aq∂p {]Imih¿W-ßfpw IqSn-t®-cp∂ `mKØv

GXp h¿W-amWv ImWp-∂Xv?

]®, \oe, Nph∏v F∂o {]Imih¿W-ßƒ IqSn-t®-cp-

tºmgpw [h-f-{]-Imiw D≠m-Ip-sa∂v a\- n-em-b-t√m.

$ ]®bpw \oebpw am{Xw IqSnt®cp∂ `mKsØ

h¿WtaXv?

$ \oebpw Nph∏pw tNcp-tºmtgm?

$ ]®bpw Nph∏pw am{Xw IqSn-t®-cp∂ `mKsØ

h¿Wtam?

]®, \oe, Nph∏v F∂o •mkvt]∏-dp-Iƒ am‰n ]Icw

a‰p \nd-ß-fp-≈ -•mkvt]∏-dp-IƒsIm≠v tSm¿®p-Iƒ

s]mXn™tijw {]Imiw ]c-kv]cw AXn-h-ym-]\w

sNøp∂ hn[-Øn¬ Npa-cn¬ ]Xn-∏n-®v ]®, Nph-∏v, \oe

F∂o h¿W-ßƒ D≠m-°m≥ km[n-°ptam F∂p ]co-

£n-®p-t\m-°q.

a‰p- h¿W-ßƒ tN¿Øv ]®, \oe, Nph∏v F∂nh D≠m-°m≥ km[-y-

as√∂v I≠t√m.

]®, \oe, Nph∏v F∂o h¿W-ßƒ DNn-X-ambn tN¿Øv [h-f-{]-

Im-itam a‰p h¿W-ßtfm D≠m-°m≥ km[n-°pw. F∂m¬ at‰-

sX-¶nepw h¿W-ßƒ tN¿Øv ]®, \oe, Nph∏v h¿W-ßƒ D≠m-

°m≥ km[y-a-√. AXn-\m¬ Cu h¿W-ßsf {]mY-anIh¿W-ßƒ

F∂p -]-d-bp-∂p.

Htc Xo{h-X-bn-ep≈ {]mY-an-I-h¿W-ß-fn¬ GsX-¶nepw cs≠Æw

Iq´n-t®¿Øm¬ e`n-°p∂ h¿W-amWv ZznXobh¿Ww.

sNbvX {]h¿Ø-\-Øns‚ ASn-ÿm-\-Øn¬ ]´nI ]q¿Øo-I-cn-°q.

{]mY-anIh¿W-ßƒ ZznXo-bh¿Wßƒ

]® + Nph∏v a™

Nph∏v + .................. aP¥

............... + ................. kb≥
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IS-bn¬\n∂v

t\m°n-bt∏mƒ CXv

ISpw\oe-bm-bn-cp-∂-t√m.

Fß-s\-bmWv CXns‚

\ndw amdnbXv?

]qcIh¿W-ßƒ (Complementary colours)

Zzn-Xobh¿W-ß-tfmSv at‰-sX-¶nepw h¿Ww Ie¿Øn-bm¬ [hf{]Imiw

e`n-°ptam? ]cn-tim-[n®pt\m°q.

\oe, a™ F∂o {]Imih¿W-ßƒ IqSn-t®-cp∂ coXn-bn¬ shfpØ

Npa-cn¬ ]Xn-∏n°q. c≠p h¿W-ßfpw tNcp∂ `mKØv GXp h¿W-

amWv D≠m-Ip-∂Xv? F¥m-Wn-Xn\v ImcWw?

$ aP¥, ]® F∂o h¿W-ßƒ D]-tbm -Kn® v {]h¿Ø-\w

Bh¿Øn°q. e`n-°p∂ h¿W-taXv?

$ kb-\pw Nph∏pw D]-tbm-Kn-®m¬ GXp h¿W-amWv- e`n-°pI?

\oe, a™ F∂o h¿W-ß-fn¬ \oe {]mY-anIh¿W-am-sW-∂-dn-bm-at√m.

a™-bnse {]mY-anIh¿W-ß-fmb Nph∏pw ]®bpw \oeh¿W-tØmSp

tNcp-tºmƒ [hf{]Imiw e`n-°pat√m. CXpt]mse aP-¥bpw ]®bpw

tNcp-tºmgpw kb\pw Nph∏pw tNcp-tºmgpw [hf{]Imiw e`n-®-sX-ß-

s\-sb∂v kb≥kv Ub-dn-bn¬ Ipdn-°q.

c≠p h¿W-ßƒ IqSn-t®cp-tºmƒ [h-f-{]-Imiw e`n-°p-∂p-sh-¶n¬ Ah

]c-kv]cw ]qcIh¿W-ß-fm-Wv.

Hcp {]mY-anIh¿Whpw Hcp ZznXobh¿Whpw IqSn-t®¿∂v [hf

{]Imiw e`n-°p-∂p-sh-¶n¬ B c≠v h¿W-ßfpw ]c-kv]cw ]qcI-

h¿W-ß-fm-Wv.

h¿Ww ]qc-I-h¿Ww e`n-°p∂ {]Imiw

]® aP¥ ..........

.......... \oe [hf{]Imiw

Nph∏v .......... [hf{]Imiw

Nn{Xw 6.9

Nn{Xw 6.10

]´nI 6.3

Nn{Xw 6.9 \nco-£n-°pI. CXp-t]mep≈ A\p-`-h-ßƒ \nßƒ°p≠m-bn-

´pt≠m? F¥mbn-cn°pw ImcWw? \ap°v ]cn-tim-[n°mw.

AXm-cyhkvXp°-fpsS \ndw (Colour of opaque objects)

Hcp Ccp≠ apdnbnse tai∏pdØv Nph∂ IS-

emkv hbv°p-I. tSm¿®n¬ \n∂p≈ {]Imiw

Nph∂ IS-em-kn¬ Ncn®p ]Xn-∏n-°q. Nph∂

IS-em-kn\v A`n-ap-J-ambn Nn{X-Øn¬ ImWp-

∂-Xp-t]mse Hcp sh≈°S-emkv ]nSn-°p-I.

$ Nph∂ IS-em-kn¬\n∂p {]Xn-]-Xn-°p∂

h¿Ww GXm-Wv?

$ B h¿Ww ]Xn-°p-tºmƒ shfpØ IS-

emkv GXp \nd-Øn¬ ImW-s∏-Sp∂p?
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]®, \oe F∂o IS-em-kp-Iƒ D]-tbm-Kn®v ]co-£Ww Bh¿Øn-°q.

Cu h¿W-ßƒ sh≈-°-S-em-kn¬ ]Xn-°p-tºmƒ GtXXp h¿W-ß-fmWv

{]Xn-]-Xn-°p-∂Xv?

$ Hcp AXm-cyhkvXp {]Xn-]-Xn-∏n°p∂ h¿Whpw hkvXp

ImW-s∏-Sp∂ \ndhpw XΩn-ep≈ _‘w F¥mWv?

sh≈°S-em-kn-te°v Nph∂ {]Imiw ]Xn-∏n-°q.

$ IS-emkv GXp \nd-Øn¬ ImW-s∏-Sp-∂p?

$ ]®, \oe F∂o {]Im-i-ßƒ ]Xn-∏n-°p-tºmtgm?

$ F√m h¿W-ß-sfbpw {]Xn-]-Xn-∏n-°p∂ hkvXp-hns‚

\ndw F¥m-bn-cn°pw?

$ Hcp hkvXp Hcp h¿WsØbpw {]Xn-]-Xn-∏n-°p-∂n-s√-

¶n¬ AXv Fßs\ ImW-s∏Spw?

Hcp AXmcyhkvXp-hns‚ \ndw AXv {]Xn-]-Xn-∏n-°p∂

h¿WsØ B{i-bn-®n-cn-°pw. Hcp hkvXp kqc-y-{]-Im-i-Øn¬

{]Xn-]-Xn-∏n°p∂ h¿W-am-bncn°pw AXns‚ kzm-̀ m-hnI\ndw.

shfpØ hkvXp Hcp h¿W-sØbpw BKn-cWw sNøp-∂n-√.

AXn¬ ]Xn-°p∂ F√m h¿W-ß-sfbpw {]Xn-]-Xn-∏n-°p-I-

bmWv sNøp-∂Xv. AXp-t]mse Hcp AXm-c-y-hkvXp [hf{]Im-

i-Ønse F√m h¿W-ß-sfbpw BKn-cWw sNøp-∂p-sh-¶n¬

AXv Idp∏mbn ImW-s∏-Spw. AXv Hcp h¿W-sØbpw {]Xn-]-

Xn-∏n-°p-∂n-√.

Hcp AXm-cy-h-kvXp-hn¬ ]Xn-°p∂ h¿W-{]-Im-i-Øn¬ \n∂v

{]Xn-]Xn-®p-h-cp∂ \nd-Øn-emWv \mw B hkvXp-hns\

ImWp∂sX∂v t_m[ys∏´t√m. [h-f-{]-Im-i-Øn¬ ImW-p-

tºm-gmWv hkvXp-hns‚ bYm¿Y \ndw a\- n-em-°m≥ Ign-

bp∂Xv. hyXykvX h¿W-{]-Im-i-Øn¬ h®n-cn-°p∂ XpWn-I-

fpsS bYm¿Y \ndw Xncn-®-dn-bmsX t]mb-Xn\v ImcWw a\-

 n-em-b-t√m.

[h-f-{]-Im-i-Øn-ep≈ Hcp hkvXp-hn¬\n∂v GXp

h¿W-amtWm {]Xn-]-Xn®p hcp-∂Xv, AXm-bn-cn°pw

B hkvXp-hns‚ \ndw.

kpXm-cyhkvXp-°-fpsS \ndw

(Colour of transparent objects)

{]ImisØ IS-Øn-hn-Sp∂ ]Zm¿Yß-fmWv kpXm-cyhkvXp-

°ƒ. Ah-bpsS \ndw F¥ns\ B{i-bn-®n-cn-°pw? ]cn-tim-

[n-°mw.

Hcp tSm¿®n¬\n∂p ]pd-s∏-Sp∂ [h-f-{]-Imiw ]® ^n¬‰-dn-

eqsS shfpØ  Npa-cn¬ ]Xn-∏n-°q.

If¿ ]nKvsa‚v

kb≥, aP¥, a™ F∂o  \nd-

ß-fn-ep≈ ]nKvsa‚pIƒ D]-tbm-

Kn-®m-Wv a‰p \nd-ßƒ \n¿an-°p-

∂-Xv. AXn-\m¬ Ch aq∂pw

]nKvsa‚p-IfpsS {]mY-anI \nd-

ßƒ F∂-dn-b-s∏-Sp-∂p.

]n-Kvsa‚pIƒ AXns‚ \ndØn-

ep≈ h¿WsØ am{Xw {]Xn-

]Xn∏n-°p-Ibpw _m°n h¿W-

ßsf BKn-cWw sNøp-Ibpw

sNøpw. DZm-l-c-W-ambn [hf-

{]Im-iØnse Nph∂ h¿WsØ

BKn-cWw sNøp-Ibpw ]®, \oe

h¿W-ßsf {]Xn-]-Xn-∏n-°p-Ibpw

sNøp∂ If¿ ]nKvsa‚ v kb≥

\nd-Øn¬ ImW-s∏-Sp-∂p. AXp-

t]mse a™ ]nKvsa‚ v  \oe-

sbbpw aP¥ ]® h¿-W-sØbpw

BKn-cWw sNøp-∂p.

kb≥, a™ F∂o \n-d-ßfn-

ep≈ ]nKvsa‚pIƒ Ie¿Øp∂p

F∂n-cn-°s´. kb≥ ]nKvsa‚ v

Nph-∏n-s\bpw a™ ]nKvsa‚ v

\oesbbpw BKncWw sNøp-∂p.

AXp-sIm≠v a™, kb≥ F∂o

]n-Kvsa‚p-IfpsS Xpey Af-hn-

ep≈ an{inXw ]®sb {]Xn-]-Xn-

∏n°p-Ibpw AXv ]®\nd-Øn¬

ImW-s∏-Sp -Ibpw sNøp∂p.

kb≥, aP¥, a™ F∂o

]nKvsa‚p-Iƒ Xpey Afhn¬

Ie¿Øn-bm¬ AXv F√m h¿W-

ß-tfbpw BKn-cWw sNøp-∂-Xn-

\m¬ AXp IdpØ \nd-Øn¬

ImW-s∏-Sp-∂p.
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$ Npa-cn¬ ]Xn® {]Imih¿Ww GXmWv?

[hf{]Im-i-Ønse a‰p h¿W-ßsfsb√mw ^n¬‰¿ BKn-cWw sNbvX-Xt√

CXn\v Imc-Ww?

[hf{]Im-i-Ønse GXp LS-I-h¿WsØbmtWm Hcp kpXm-cy-hkvXp IS-

Øn-hn-Sp-∂Xv, B \nd-Øn-em-bn-cn°pw B hkvXp ImW-s∏-Sp-∂-Xv. Hcp kpXm-

cy-hkvXp F√m h¿Wß-sfbpw IS-Øn-hn-Sp-∂p-sh-¶n¬ B hkvXp-hn\v \nd-ap-

≠m-bn-cn-°n-√.  ip≤-P-e-Øn\v \nd-an-√m-ØXn\v Imc-W-sa-¥m-bn-cn°pw? kb≥kv

Ub-dn-bn¬ Ipdn-°q.

Nn{Xw 6.11

$ Nph∂ ]pjv]w a™ ̂ n¬‰-dn-eqsS t\m°n-bm¬ GXp

\nd-Øn¬ ImW-s∏-Spw?

$ ]® ^n¬‰¿ D]-tbm-Kn-®mtem?

$ ]®, Nph-∏v ^n¬‰-dp-Iƒ tN¿Øp-h®v [h-f-{]-Imiw

ISØn-hn v́ sh≈°S-em-kn-te°p ]Xn-∏n-°p-∂p. F¥m-

bn-cn°pw ^ew?

kuchnIn-c-W-ß-fn¬ Zriy-{]-Im-i-a-√msX at‰-sX-¶nepw

hnIn-c-W-ßƒ Dƒs∏-´n-´pt≠m?

\ap°v ]cn-tim-[n-°mw.

tkmfm¿ kvs]Iv{Sw (Solar spectrum)

Nn{Xw \nco-£n-°q.

$ tkmfm¿ kvs]Iv{S-Øn¬ Nph-∏n-t\mSp tN¿∂pInS-°p-∂Xpw Nph-∏n-t\-

°mƒ Xcw-K-ssZ¿Lyw IqSn-b-Xp-amb hnIn-c-W-taXv?

$ hb-e-‰n-t\-°mƒ Xcw-K-ssZ¿Lyw Ipd-™Xpw hb-e-‰n-t\mSp tN¿∂pInS-

°p-∂Xpamb hnIn-cWw GXmWv?

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

V
I
B
G
Y
O
R

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

V
I
B
G
Y
O
R

a™ Nph∏v

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

V
I
B
G
Y
O
R

\oe

If¿ ^n¬‰¿

Nne {]tX-yI h¿W-ßsf

am{Xw IS-Øn-hn-Sp∂ kpXm-

cyhkvXp°fmWv If¿ ^n¬‰-

dp-Iƒ. ]®, \oe, Nph∏v F∂o

If¿ ^n¬‰-dp -Iƒ AXXv

h¿W-ßsf am{Xw ISØnhnSp-

tºmƒ a™, aP-¥, kb≥

^n¬‰-dp-Iƒ Ah-bpsS LS-I-

h¿W-ß-sfbpw IS-Øn-hn-Sp-∂p.

Xcw-K-ssZ¿Lyw Ipd-™ph-cp∂p

C≥{^m-sdUv Aƒ{Sm-h-b-e‰v

1mm 700 nm 400 nm 1nm

Nn{Xw 6.12

R V
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tdUntbm XcwKw ssat{ImXcwKw C≥{^m-sdUv
Zriy-

{]-Imiw
Aƒ{Sm
hb-e‰v X IncWw Kma IncWw

 0
.1

 m

1m
m

70
0n

m

40
0n

m

1 
nm

10
-3
 n

m

Nn{Xw 6.13

sshZyp-X-Im-¥n-I -
kvs]-Iv{Sw

(Electromagnetic
spectrum)

$ kuchnIn-c-W-ßƒ {]nk-Øn-eqsS IS-Øn-hn-´-t∏mƒ Zri-y-am-Im-Xn-cp∂

{][m\ hnIn-c-W-ßƒ GsX-√m-am-Wv?

tkmfm¿ kvs]Iv{S-Ønse hnIn-c-W-ßsf√mwXs∂ sshZypXIm¥nI kvs]Iv{Sw

(Electromagnetic spectrum) F∂-dn-b-s∏-Sp∂ hnime kvs]Iv{S-Øns‚ `mK-am-

Wv. sshZ-ypXIm¥nI kvs]Iv{S-Ønse a‰p hnIncW-ßƒ GsX-√m-am-sW∂v

t\m°mw.

Nn{Xw 6.13 \nco-£n-°q.

tdUntbmXcw-K-ßƒ
$ Db¿∂ Bhr-Øn-bp≈h (VHF)

tdUntbm {]-t£]W-Øn\v D]-tbm-Kn-
°p-∂p.

$ hf-sc-b-[nIw Db¿∂ (ultra high) Bhr-
Øn-bp-≈h (UHF) sSen-hn-j≥ kwt{]-
Ivj-W-Øn\v D]-tbm-Kn-°p-∂p.

ssat{Im-Xcw-K-ßƒ
$ dUm¿, samss_¬t^m¨

F∂n-h-bn¬ D]-tbm-Kn-°p-∂p.
$ ssat{Im-thhv Ah-\n¬ D]-

tbm-Kn-°p-∂p.

X Inc-W-ßƒ
$ amwk-`m -K-ß-fn -eqsS Xpf-®p -

Ibdm≥ Ign-hp-≠v.
$ F√p-I-fpsS £Xw, hyh-kmb

taJ-e-bn¬ ss]∏p-I-fpsS hn≈¬
F∂nh Adn-bp-∂-Xn\v klm-bn-
°p-∂p.

$ DNA sb hnL-Sn-∏n-°p-∂-Xn-\m¬
AanX {]tbmKw Im≥k-dn\v Imc-
W-am-Ip-∂p.

KmaXcw-K-ßƒ
$ ssPh-tIm-i-ß-fpsS \mi-Øn\v

Imc-Ww.
$ AWp-hn-kvt^m-S\w \S-°p-

tºmƒ [mcm-f-ambn ]pd-Øp-h-
cp∂p.

$ Im≥k¿ NnIn-’bv°v D]-tbm-
Kn-°p-∂p.

$ ikv{X-{Inbm D]-I-c-W-ßƒ
AWp-hn-ap-‡-am-°m≥ D]-tbm-
Kn-°p-∂p.

C≥{^msdUv
$ NqSp≈ hkvXp-°-fnse X∑m-{X-

I-fpsS Iº\^e-ambn ]pdØp
hcp-∂p.

$ shbn-ens‚ NqSn\v Imc-W-am-Ip-
∂p.

$ dntam v́ I¨t{Smƒ, ss\‰v hnj≥
Im-ad F∂n-h-bn¬ D]-tbm-Kn-°p-
∂p.

Zri-y-{]-Imiw
$ Zri-ym-\p-̀ hw D≠m-°p-∂p.
$ {]Im-i-kw-t«-jWw hgn

Du¿tPm¬∏m-Z-\-Øn\v klm-
bn-°p-∂p.

$ tkmfm¿ sk√n¬ {]tbm-P-\-
s∏-Sp-Øp-∂p.

Aƒ{Sm-h-b-e‰v
$ Hmtkm¨ ]mfn-Ifm¬ BKn-

cWw sNø-s∏-Sp-∂h.
$ sXmen-bn¬ hn‰m-an≥ D D¬∏m-

Zn-∏n-°m≥ klm-bn-°p-∂p.
$ Xz°v Im≥k-dn\v Imc-W-am-tb-

°m-hp∂ hnIn-c-Ww.
$ IqSp-X-embn IÆn¬ ]Xn-°p-

∂Xv ImgvNsb _m[n-°p-∂p.

Xcw-K-ssZ¿Lyw Ipdbp∂p

BhrØn IqSp∂p
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$ sshZyp-X-Im-¥nI kvs]Iv{S-Ønse BhrØn IqSnb Xcw-K-taXv?

BhrØn Ipd-™tXm?

$ Xm]-^ew Df-hm-°m≥ Ign-hp≈ Xcw-K-ßƒ GsX√mw?

kqc-ym-kvX-a-bth-f-bn¬ ]Sn-™m-d≥ N{I-hm-fw Nph°p-∂Xv \nßƒ {i≤n-

®n-´p≠m-hpw.

F¥m-Wn-Xn\p ImcWw?

{]Im-i-Øns‚ hnk-cWw (Scattering of light)

Nn{Xw 6.14

`qan

kqcy-In-c-W-ßƒ

Nn{Xw 6.15

{]Imiw t\¿tc-J-bnemWv k©-cn-°p-∂-sX-¶nepw ¢mkvap-dn-°-IØpw

ho´n\p-≈nepw ]I¬ ka-bØv {]Imiw e`n°mdp≠t√m. F¥p-sIm-

≠m-sW∂v Nn¥n-®n-´pt≠m?

kqc-y-{]-Imiw A¥-co-£-Øn-eqsS IS-∂p-t]m-Ip-tºmƒ {]Im-i-In-cW-

ßƒ A¥-co-£-Ønse kq£va-I-Wn-I-I-fn¬ X´n {]Xn-]-Xn-°p-∂ Nn{X-

amWv X∂n-cn-°p-∂-Xv.

$ Cu {]Xn-]-X\w GXp X-c-Øn-ep-≈-Xm-Wv? {Ia-

tam {Ia-c-ln-Xtam?

$ kqc-y-{]-Imiw F√m-bn-SØpw hym-]n-°p-∂-Xn\v

CØ-c-Øn-ep≈ {]Xn-]-X\w CS-bm-°p-∂pt≠m?

N¿®sNøq.

{]Imiw C{]-Imcw {]Xn-]-Xn-°p∂ {]Xn-`m-k-amWv

hnk-cWw.

{]Im-i-Øns‚ {Iac-ln-Xhpw ̀ mKn-I-hp-amb {]Xn-

]-X-\-amWv hnk-c-Ww.

kqc-y-{]-Im-i-Ønse LS-I-h¿W-ßƒs°√mw hnk-

cWw kw`-hn-°p-∂Xv Hcp-t]m-se-bmtWm? t\m-°mw.



Du¿PX{¥w $  Ãmt‚¿Uv - X

113

Hcp NXp-c-]m-{X-Øn¬ ap°m¬ `mK-tØmfw PesaSp°q. Nn{X-Øn-te-Xp-

t]mse tSm¿®-n¬\n∂p≈ {]Imicivan-Iƒ ]m{X-Ønse Pe-ØneqsS Hcp

kv{Io\n¬ ]Xn-∏n-°q. en‰-dn\v 2 g F∂ tXmXn¬ tkmUnbw Xtbm-kƒt^‰v

]m{X-Ønse Pe-Øn¬ ebn-∏n-°q. AXn-te°v Ht∂m ct≠m Xp≈n

sslt{Umt¢mdnIv BknUv tN¿°q. emb-\n-bnepw kv{Io\nepw {]Im-i-

Øn-\p-≠m-Ip∂ {Iam-\p-KX-amb am‰w \nco-£n-°q.

Nn{Xw 6.16

$ emb-\n-bn¬ BZyw GXp h¿W-amWv hym-]n-®-Xv?

$ kv{Io\n¬ I≠ h¿W-am‰w {Ia-ambn Fgp-Xp-I.

$ G‰hpw HSp-hn-embn kv{Io\n¬ sXfn-bp∂ h¿Ww GXmWv?

tkmUnbw Xtbm-kƒt^‰pw sslt{Um-t¢m-dnIv BknUpw XΩn¬

{]h¿Øn-°p-tºmƒ sImtfm-bn-U¬ kƒ^¿ Ah-£n-]vX-s∏-Sp∂p F∂p

\nßƒ°-dn-bm-at√m. kƒ^¿ IW-ß-fpsS hep∏w {ItaW h¿[n®v hcp-

∂-Xn-\-\p-k-cn®v, hnk-c-W-Øn\p≠m-Ip∂ hyXymkw Xcw-K-ssZ¿L-y-hp-ambn

_‘-s∏SpØn N¿®sNøq.

hnk-c-Whpw Xcw-K-ssZ¿Lyhpw

(Scattering and wave length)

kqcy-{]Im-iØnse XcwKssZ¿Lyw Ipd™ hb-e-‰v, ISpw-\oe, \oe F∂o

h¿W-ßƒ A¥-co-£-Ønse IWß-fn¬ X´n IqSp-X¬ hnk-c-W-Øn\v

hnt[-b-am-Ip-∂p. Xmc-X-ta-y\ Xcw-K-ssZ¿Lyw IqSnb Nph∏n\v sNdnb XS-

 -ßsf adn-I-S∂p t]mIm≥ Ign-bp-∂-Xn-\m¬ hnk-cWw hfsc Ipd-hm-

bncn-°pw. AXn-\m¬ A¥-co-£-Øn-eqsS IqSp-X¬ Zqcw k©cn°m≥ Ign-

bp-∂p.

hnk-c-W-Øns‚ \nc°pw IW-ß-fpsS hep-∏hpw ]c-kv]cw _‘-s∏-

´n-cn-°p-∂p. IW-ß-fpsS hep∏w IqSp-∂-Xn-\-\p-k-cn®v hnk-c-Whpw

IqSpw. IW-ß-fpsS hep∏w {]Im-i-Øns‚ Xcw-K-ssZ¿LytØ°mƒ

IqSp-X-em-bm¬ F√m h¿W-ßƒ°pw hnk-cWw Hcp-t]msebmbn-cn-

°pw.
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Nn{Xw 6.17

sshIp-t∂cw cmhnse

$ [hf{]Im-i-Ønse GXp h¿W-Øn-\mWv IqSp-X¬ hnk-cWw kw`-

hn-°p-∂Xv?

AkvX-abØn¬ N{I-hmfw Nph∂n-cn-°m≥ ImcWw F¥m-bn-cn°pw?

DZ-bm-kvX-abßfn¬ kqc-ys‚ \ndw

Nn{Xw 6.17 ]cn -tim-[n®v Xmsg- sImSpØ tNmZ-y -ßƒ°v DØcw

I≠p]n-Sn°q.

$ kqc-y-{]-Imiw \nco-£-Is‚ IÆn¬ FØp-∂-Xn\v IqSp-X¬ Zqcw A¥-

co-£-Øn-eqsS k©-cn-t°-≠n-h-cp-∂-Xv GsXms° kab-ß-fn-emWv?

$ IqSp-X¬ Zqcw k©-cnt°≠nh-cp-tºmƒ \ΩpsS IÆn¬ FØp-∂Xv

GXp h¿W-amWv? F¥m-bn-cn°pw ImcWw?

$ kqc-ym-kvX-abØn\ptijw ]Sn-™m-d≥ N{I-hm-fw Nph-∂- h¿W-Øn¬

ImWmdp≠t√m. ImcWw hni-Z-am-°p-I.

DZ-bm-kvX-ab ka-b-ß-fn¬ kqcy-\n¬ \n∂p≈ {]Imiw A¥-co-£-Øn-

eqsS IqSp-X¬ Zqcw k©-cn-°p-a-t√m. C{Xbpw Zqcw k©-cn-°p-tºmƒ XcwK

ssZ¿Lyw Ipd™ h¿W-ßƒ hnk-cWw sNbvXp \jvS-s∏-´p-t]m-bn-cn-°pw.

]n∂oSv Ipd®p am{Xw hnk-c-W-Øn\p hnt[-b-am-Ip∂ Nph-∏m-bmWv

kqcys\bpw N{I-hm-fsØbpw ImWp-∂Xv F∂v a\- nem°m-a-t√m.

hnk-c-W-hp-ambn _‘-s∏´ N¿®-Iƒ Dƒs°m-≠-t√m. hml-\-ß-fpsS sSbn¬

emºp-Iƒ°pw knKv\¬ sse‰p-Iƒ°pw Nph∏p\ndw \¬In-bXv F¥n-\m-bn-

cn°pw? N¿®-sNbvXv kb≥kv Ub-dn-bn¬ Ipdn-°q.

]I¬ ka-bØv sXfn™ BIm-i-Øns‚ \ndw \oe-bm-Wt√m. F¥m-bn-

cn°pw Imc-Ww?
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`qan-bpsS A¥-co£w kqcy-{]-Imiw

Nn{Xw 6.18

BIm-i-Øns‚ \oe \ndw

kqc-y-{]-Imiw `qan-bpsS A¥-co-£-Øn-eq-sS-bm-Wt√m IS-∂p-h-cp-∂Xv.

hmbp-hnse sNdp-IWn-I-I-fn¬ X´p-tºmƒ Ahbv°v hnk-cWw kw`-hn-

°p-at√m.

$ GsXms° h¿W-ßƒ°mWv IqSp-X¬ hnk-cWw kw`-hn-°pI?

F¥m-Wn-Xn\v Imc-Ww?

tkmUnbw Xtbm-kƒt^‰pw sslt{Umt¢mdnIv BknUpw D]-tbm-Kn-

®p≈ ]co-£-W-Øns‚ ASn-ÿm-\-Øn¬ N¿®sNbvXp \nK-a-\-ßƒ

imkv{X-]p-kvX-I-Øn¬ Ipdn-°q.

kqc-y-{]-Im-i-Ønse LSIh¿W-ß-fn¬ Xcw-K-ssZ¿L-yw Ipd™

hb-e‰v, ISpw-\oe, \oe F∂o h¿W-ßƒ°v a‰p h¿W-ßsf At]-

£n®v IqSp-X¬ hnk-cWw kw`-hn-°p∂p. Cu h¿W-ßƒ hnk-

cWw aqew A¥-co-£-Øn¬ hym-]n-°p-∂-Xn-\m¬ Ch-bpsS kwtbm-

Pn-X-h¿W-amb BIm-i-\o-en-a-bmWv D®-k-abØp ImW-s∏-Sp-∂Xv.

$ N{μ-\n¬ BImiw Ccp-≠-Xmbn ImW-s∏-Sp-∂p. ImcWw F¥v?

$ N{μ-\n¬\n∂p t\m°p-tºmƒ ]I¬ ka-bØpw

\£-{X-ßƒ Zriy--am-Ipw. ImcWw N¿®sNbvXv

kb≥kv Ub-dn-bn¬ Fgp-Xq.

Sn‚¬ {]`mhw (Tyndal Effect)
Nn{Xw {i≤n-°q.

{]ImiInc-W-ßƒ hcp∂ ]mX hy-‡-ambn ImWm≥

Ign-bp-∂p-≠t√m. F¥p-sIm-≠m-Wn-Xv?

a™p≈ Hcp {]`m-X-Ønse ImgvN

Nn{Xw 6.19
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Hcp sImtfmbnU¬ {ZhØn-eqsStbm kkvs]≥j\n-eq-sStbm

{]ImiInc-W-ßƒ IS∂pt]mIp-tºmƒ Ahbv°v kw`-hn-°p∂ hnk-

cWw aqew hfsc sNdnb IWn-I-Iƒ {]Im-in-X-am-Ip-∂p. AXn-\m¬

{]Im-i-Øns‚ k©m-c-]mX Zri-y-am-Ip-∂p. Cu {]Xn-`m-k-amWv Sn‚¬

{]`m-hw. hnk-c-W-Øns‚ Xo{hX sImtfmbn-Unse IWn-I-I-fpsS

hep∏sØ B{i-bn-®n-cn-°p-∂p. hep∏w IqSp-tºmƒ hnk-cW {XohX

IqSp-∂p.

hnk-cWhpw Xcw-K-ssZ¿Lyhpw XΩn-ep≈ _‘w \nßƒ a\- n-em-

°n-bt√m? Nph-∏n-t\-°mƒ XcwKssZ¿Lyw IqSp-X-em-Wt√m C≥{^m-

sdUv hnIn-c-W-ßƒ°v.

hnk-cWw Ipd-hp≈ C≥{^m-sdUv hnIn-c-W-ß-fpsS D]-tbm-K-sa-¥m-

bn-cn-°pw?

C≥{^m-sdUv t^mt´m-{K^n

hnZqchkvXp-°-fpsS t^mt´m FSp-°m≥ C≥{^m-sdUv hnIn-c-W-ßƒ

D]-tbm-Kn-°p-∂p.  C≥{^m-sdUv hnIn-c-W-ßƒ°v kwth-Z\£a-Xbp≈

(sensitive) kwhn-[m-\ß-fmWv Ch-bn¬ D]-tbm-Kn-°p-∂Xv. Ch Zri-y-

{]-Im-i-Øn\pw kwth-Z-\-am-Ip-sa-∂-Xn-\m¬ CØcw Im-a-d-I-fn¬ C≥{^m-

sdUv ̂ n¬‰-dp-Iƒ D]-tbm-Kn-°p-∂p. C≥{^m-sdUv ̂ n¬‰-dp-Iƒ C≥{^m-

sdUv hnIn-c-W-ßsf am{Xw IS-Øn-hn-Sp-Ibpw Zr-i-y-{]-Im-isØ ]q¿W-

ambpw BKn-cWw sNøp-Ibpw sNøp-∂p.

$ Zri-y-{]-Im-isØ At]-£n®v C≥{^msdUv hnIn-c-W-ßƒ°v

XcwK ssZ¿Lyw IqSp-Xtem Ipdthm?

$ hnk-cW\nct°m?

C≥{^m-sdUv hnIn-c-W-ß-fpsS a‰v D-]-tbm-K-ßƒ Is≠Øn kb≥kv

Ub-dn-bn¬ Ipdn-°q.
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{][m\ ]T-\-t\-´-ß-fn¬ s]Sp-∂h

$ ka-\-znX{]Imiw {]Io¿W-\-Øn\v hnt[-b-am-Ip-sa∂pw Hmtcm

LSIh¿W-Øns‚bpw hy-Xn-bm\w Xcw-K-ssZ¿L-ysØ B{i-bn-®m-

sW∂pw hni-Zo-I-cn-°m≥ Ign-bp-∂p.

$ ag-hn-√ns‚ cq]o-I-c-Whpw khn-ti-j-X-Ifpw hni-Zo-I-cn-°m≥ Ign-bp∂p.

$ LSIh¿W-ßƒ kwtbm-Pn®v ka-\-znX{]Im-iw D≠mIp∂-sX-ßs\-

sb∂v ]co-£-W-Øn-eqsS hni-Zo-I-cn-°m≥ Ignbp∂p.

$ ho£Wÿnc-X Fs¥∂v DZm-l-c-W-k-lnXw hni-Zo-I-cn-°m≥ Ignbp-

∂p.

$ {]mY-anIh¿W-ßfpw Zzn-Xobh¿W-ßfpw D]-tbm-Kn®p≈ ]co-£-W-

ß-fn¬ G¿s∏´v h¿W-ß-fpsS kwtbm-P\^ew hni-Zo-I-cn-°m≥ Ign-

bp-∂p.

$ tkmfm¿ kvs]Iv{SsØ Ipdn®v hni-Zo-I-cn-°m≥ Ign-bp-∂p.

$ hnk-c-W-Øns‚ {]mtbm-KnIhi-ßsf°pdn®v hni-Zo-I-cn-°m≥ Ign-

bp-∂p.

$ kpXm-cyhkvXp-°-fp-sSbpw AXm-cyhkvXp-°-fp-sSbpw \nd-Øns‚

ImcWhpw Ir{Xna{]ImiØn¬ hkvXp-°ƒ°p≠mIp∂ \nd-h-y-

Xymkhpw hni-Zo-I-cn-°m≥ Ign-bp-∂p.

hne-bn-cpØmw

1. {]Imi{]Io¿W-\-Øn\v Imc-W-amb {]Xn-`mkw GXmWv?

(a) {]Xn-]-X\w (b) A]-h¿Ø\w

(c) Sn‚¬ {]`mhw (d) hnk-cWw

2. {]Io¿W\w kw`-hn-°p-tºmƒ hnhn[ h¿W-ßƒ°v hy-X-ykvX Af-

hn¬ hy-Xn-bm\w kw`-hn-°p-∂p ˛ Imc-Ww hniZ-am-°p-I.

3. ]®, Nph∏v {]Imih¿W-ßƒ Htckabw sh≈ {In°‰vt_mfn¬ ]-

Xn-®m¬ {In°‰vt_mƒ GXp \nd-Øn¬ ImW-s∏Spw? DØcw km[q-I-

cn-°p-I.

4. sshZyp-X-Im-¥nI kvs]Iv{Sw F∂XpsIm≠v A¿Yam°p-∂-sX¥v?

5. "N{μ' F∂ sSen-kvtIm∏v ÿm]n-®n-cn-°p-∂Xv _ln-cm-Im-i-Øm-Wv.

C{]-Imcw sNøp-∂-Xp-sIm≠v ta∑ F¥v? A¥-co-£-Øn¬ \S-°p∂

{]Im-i-Øns‚ hnk-c-W-hp-ambn _‘-s∏-SpØn DØcw Is≠-Øp-I.

6. ]® \nd-ap≈ Ce-Ifpw Nph∂ ]pjv]-ß-fp-ap≈ Hcp sNSn Xmsg ]d-

bp∂ {]Im-i-Øn¬h®m¬ sNSn-bpsS Ce-Ifpw ]pjv]-ßfpw GXp

\nd-Øn¬ ImW-s∏-Spw?

1. ]® 2. a™

3. Nph∏v 4. \oe
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XpS¿{]-h¿Ø\ßƒ

1. Hcp tImw]mIv‰v UnkvIv (kn.Un.) FSpØv Xnf-ßp∂ `mKØv

[h-f-{]-Imiw ]Xn-∏n-°q. {]Xn-]-Xn-®p-h-cp∂ {]Im-isØ shfpØ

Npa-cn¬ hogm-\-\p-h-Zn-°q. e`n-°p∂ kvs]Iv{S-Øn¬ GsX√mw

h¿W-ß-fp-s≠∂v Is≠Øn kb≥kv Ub-dn-bn¬ Fgp-Xq.

2. kn.Un-bn¬\n∂p ]pd-Øp-h-cp∂ {]Imih¿W-ßƒ hnhn[ \nd-

ß-fp≈ ^n¬‰¿t]∏-dpIfneqsS \nco-£n®v \nß-fpsS Is≠-Ø-

ep-Iƒ  kb≥kv Ub-dn-bn¬ tN¿°q.



C‚¿s\‰v -t]mse \ΩpsS kmaq -lnIPohn -XsØ am‰n -a -dn -°m≥

Hcpßns°m≠n-cn-°p∂ B[p\nI D]-I-c-W-ß-sf-°p-dn-®p≈ imkv{X

-te-J-\-i-I-eß-fmWv apI-fn¬ sImSpØn-cn-°p-∂-Xv.

CXp-t]m-ep≈ Bi-b-ß-sf-°p-dn®pw D]-I-c-W-ß-sf-°p-dn®pw Adn-b-W-sa∂v

tXm∂p-∂nt√? imkv{X-Øns‚ hnhn[ taJ-e-I-fnse hf¿®-bmWv CØcw

D]-I-c-W-ß-fpsS \n¿am-W-Øn-te°p \bn-®-Xv.

Hcp NmeI-hpambn _‘-s∏´ Im¥nI^vfIvkn\v hyXn-bm\w A\p-`-h-s∏-

´m¬ AXn¬ sshZypXn t{]cn-X-amIpw F∂Xv Hcp imkv{X Bi-b-am-W-

t√m. CXv ASn-ÿm\-am-°n-bmWt√m sshZypX\ne-b-ß-fn¬ h≥tXm-Xn¬

sshZypXn D¬∏m-Zn-∏n-°p-∂-Xv? CØ-c-Øn¬ imkv{X Bi-b-ßfpsSbpw

XØz-ßfpsSbpw {]tbm-K-h¬°-c-WamWv kmt¶-Xn-I-hn-Zy.

imkv{X-Øns‚ {]tbm-K-amWv

kmt¶-Xn-I-hn-Zy.

t{Um¨ : ktμ-i-hm-l-I≥, D]-t`m-‡m-
°ƒ°v Ah¿ Bh-iy-s∏-Sp∂ km[-\-
ßƒ IrXy-ambn FØn-®p-sIm-Sp-°p∂
hnX-c-W-°m-c≥, IrjnbnS-ß-fnse IoS
km∂n[yw IrXy-X-tbmsS Xncn-®-dn™v
ap∂-dn-bn∏p \¬Ip-∂-h≥, bp‡n-]q¿hw
hf-{]-tbmKw \S-Øp∂ I¿j-I-kp-lr-Øv.

Hcp Im¿_¨ \mt\m
Syq_n\v tdUntbm Bbn

{]h¿Øn-°m≥ km[n-°pw.
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{]Xn-tcm-[-I-ßƒ

Nn{Xw 7.1

kmt¶-Xn-I-hn-Zy-bpsS t\´-ßƒ kaq-l-Pohn-XsØ hf-sc-b-[nIw kzm[o-\n-®n-

´p-≠v.  NphsS sImSp-Øn-cn-°p-∂h ]cn-tim-[n-®v CtX-t]mse a‰p cwK-ß-fn-ep-

≠mb am‰-ßƒ°v DZm-l-W-ßƒ Is≠Øn Fgp-Xq.

$ sshZyp-tXm¿P-Øns‚ I≠p-]n-SnØw

$ hb¿ekv IΩyq-Wn-t°-j≥

$ dntam´v sk≥knMv

$ sX¿a¬ t^mt´m-{K^n

$

Ccp-]Xmw \q‰m≠v Ce-Ivt{Sm-WnIvv bpK-am-bm-Wt√m ]cn-K-Wn-®n-cp-∂-Xv. Ce-

Ivt{Sm-Wp-I-fpsS {]hmlw \nb-{¥n®v {]tbm-P-\-s∏-Sp-Øm≥ Ignbp∂-Xn-\p≈

kmt¶-XnIhnZy-I-fmWv sshhn-[y-am¿∂ Ce-Ivt{Sm-Wn-Iv D]-I-c-W-ß-fpsS \n¿am-

W-Øn\v Imc-W-am-b-Xv. CXv imkv{X ˛ kmaqlnI taJ-e-I-fn¬ h≥ am‰-Øn\p

hgn-sX-fn-®p.

Ce-Ivt{Sm-Wp-I-fpsS kz-`mhsØ-°p-dn®pw Ahsb \nb-{¥n®v D]-tbm-K-{]-Z-

am-°p-∂-Xn-s\-°p-dn-®papff ]T-\-amWv Ce-Ivt{Sm-Wn-Ivkv.

\nXy-Po-hn-X-Øn¬ D]-tbm-Kn-°p∂ GXm\pw Ce-Ivt{Sm-WnIv D]-I-c-W-ß-fpsS

]´nI {i≤n-°q. IqSp-X¬ DZm-l-c-W-ßƒ \¬In ]´nI hn]p-eo-I-cn-°p-I.

$ tdUntbm $ sSen-hn-j≥

$ UnPn-‰¬ ao‰¿ $ F¬.-C.Un. _ƒ_p-Iƒ

$ kutcm¿P-]m-\-ep-Iƒ $

CØcw Ce-Ivt{Sm-WnIv D]-I-c-W-ß-fn¬ D]-tbm-Kn-®n-cn-°p∂ ASn-ÿm\ LSI-

ßƒ Fs¥-√m-am-Wv?

D]-tbmKiq\y-amb tdUn-tbm, Ce-Ivt{Sm-WnIv tNm°v, kn.F-^v.-F¬, Iºyq-´¿

aZ¿t_m¿Uv XpS-ßnbh-bpsS sk¿°o´v t_m¿Up-Iƒ ]cn-tim-[n®pt\m°q.

]´n-I 7.1 -ambn HØp-t\m°n Hmtcm LS-I-hpw Xncn-®-dn™v tcJ-s∏-Sp-Øq.

sk¿°o-´p-I-fn¬ Cu LS-I-ßƒ Hmtcm-∂n-s‚bpw [¿a-ßƒ Fs¥∂v ]cn-

tim-[n-°mw.

{]Xn-tcm-[-I-ßƒ (Resistors)

sk¿°o-´nse sshZyp-X-{]-hmlw \nb-{¥n®v Hmtcm LS-IØn\pw B-h-iy-

amb s]m´≥-jy¬ hyXymkw {]Zm\w sNøpIbmWv {]Xn-tcm-[-I-ßƒ

sNøp-∂-Xv. If¿tImUv D]-tbm-Kn-t®m t\cnt´m Chbn¬ {]Xntcm[Øns‚

aqeyw tcJ-s∏-Sp-Øn-bn-cn-°pw. CXv ap≥¢m-kn¬ a\- n-em-°n-bn-´p-≠-t√m.

$ Hcp sk¿°o-´n¬ {]Xn-tcm-[-I-Øns‚ [¿aw F¥v?

$ {]Xn-tcm-[-Øns‚ bqWn-s‰¥v?

$ {]Xn-tcm-[-I-Øns‚ {]XoIw hc-bv°q.
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LS-I-ß-fpsS t]cv
Xcw Nn{Xw/t^mt´m {]XoIw

(Components)

Im¿_¨ dkn-Ã-dp-Iƒ

hb¿hu≠v dkn-Ã-dp-Iƒ

thcn-b-_nƒ dkn-Ã-dp-Iƒ

^nIvkUv C≥U-IvS-dp-Iƒ

thcn-b-_nƒ

C≥U-IvS-dp-Iƒ

^nIvkUv I∏m-kn-‰-dp-Iƒ

thcn-b-_nƒ

I∏m-kn-‰-dp-Iƒ

Utbm-Up-Iƒ

sse‰v Fan-‰nMv

Utbm-Up-Iƒ (LED)

NPN

PNP
pnp

npn

t^mt´m UtbmUv

sk\¿ UtbmUv

1. dkn-Ã-dp-Iƒ

2. C≥U-IvS-dp-Iƒ

3. I∏m-kn-‰-dp-Iƒ

4. Utbm-Up-Iƒ

5. {Sm≥kn-Ã-dp-Iƒ

6. sF.kn. Nn∏p-Iƒ

]´nI 7. 1
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hnhn-[-Xcw

C≥U-IvS-dp-Iƒ

Nn{Xw 7.2

ssUCe-Iv{SnIv

I∏m-kn-‰-dns‚ LS\

Nn{Xw 7.3 (b)

tπ‰v

I∏m-kn-‰≥kns‚ bqWn‰v ^mcUv (F) BWv. ssat{Im ^mcUv (μF),

]otIm-^m-cUv (pF) F∂o {]mtbm-KnI bqWn-‰pIfmWv km[m-cW D]-

tbm-Kn-°p-∂-Xv. D]-tbm-Kn°p∂ ssUCe-Iv{Sn-°pIfpsS t]cn-emWv

km[m-c-W-bmbn I∏m-kn-‰-dp-Iƒ Adn-b-s∏-Sp-∂-Xv.

{]h¿Ø-\-c-ln-X-amb Hcp t]∏¿ I∏m-kn-‰¿ s]mfn®v AXns‚ `mK-

ßƒ \nco-£n®v FgpXp.

$ Aep-an-\nbw t^mbn¬

$

$ F¥psIm≠mWv CXns\ t]∏¿ I∏m-kn-‰¿ F∂p hnfn-°p-∂Xv?

tπ‰p-Iƒ°n-S-bn¬ Ce--Ivt{Sm-sse‰v D]-tbm-Kn-®p≈ I∏m-kn-‰-dns\ Ce-

Ivt{Sm-en-‰nIv I∏m-kn-‰¿ F∂mWv ]d-bp-∂-Xv.

ssat{Im^mcUv (μF) = 10-6F
\mt\m^mcUv (nF) - = 10-9F
]otIm-^m-cUv (pF) = 10-12F

C≥U-IvS-dp-Iƒ (Inductors)

Du¿P-\-jvS-an-√msX sk¿°o-́ nse sshZyp-X-{]-hm-l-Øn-ep-≠m-Ip∂ am‰-

ßsf FXn¿°m≥ Ign-hp≈ Iºn-®p-cp-fp-I-fmWv C≥U-IvS-dp-Iƒ. Cu

Ign-hn-s\-bmWv C≥U-IvS≥kv F∂p- ]-d-bp-∂-Xv. sk¬^v C≥UIvj≥

F∂ {]{Inb \mw a\- n-em-°n-bn-´p-≠-t√m. CXns‚ ASn-ÿm-\-Øn-

emWv C≥UIvSdpIƒ {]h¿Øn-°p-∂-Xv. sl≥dn (H) BWv CXns‚

bqWn-‰v. an√n sl≥dn (mH) {]mtbm-KnI bqWn‰pw.

$ sk¿°o-´p-I-fn¬ C≥U-IvS-dns‚ [¿a-sa-¥mWv?

$ {]Xn-tcm-[-I-ßsf At]-£n®v C≥U-IvS-dp-Iƒ°p≈ ta∑sb¥v?

$ C≥U-IvS-dp-I-fpsS D]-tbm-K-Øn-ep≈ ]cn-anXn F¥m-Wv?

I∏m-kn-‰-dp-Iƒ (Capacitors)

sshZyp-X-Nm¿Pv kw -̀cn-®p-hbv-°p-∂-Xn\pw Bh-iym-\p-k-cWw

hn´p-sIm-Sp-°p-∂-Xn\pw D]-tbm-Kn-°p∂ LS-I-amWv I∏m-kn-

‰¿. c≠v kam-¥c temltπ‰p-Ifpw Ah-bv°n-S-bn-embn Hcp

ssUCe-Iv{Sn°pw tN¿∂-XmWv I∏m-kn-‰¿. Nm¿Pv kw`-

cn®phbv°m-\p≈ tijn-bmWv I∏m-kn-‰≥kv.

hnhn-[-Xcw I∏m-kn-‰-dpIƒ

Nn{Xw 7.3 (a)
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Ce-Ivt{Sm-en-‰nIv I∏m-kn-‰-dp-I-fpsS eoUp-I-fpsS kao]w s\K-‰ohv (-̨ -) Ft∂m

t]mkn-‰ohv (+-)Ft∂m tcJ-s∏-Sp-Øn-bn-cn-°pw. I∏m-kn-‰dns‚ t]mkn-‰ohv

eoUv sk¿°o´nse t]mkn-‰o-hp-ambpw I∏m-kn-‰-dns‚ s\K-‰ohv eoUv

sk¿°o-´nse s\K‰o-hp-ambpw am{X-ta LSn-∏n-°m-hq.

A¿[Nm-e-I-ßƒ (Semiconductors)

1940 Ifn¬ cq]-s∏-´Xpw BZysØ Ce-Ivt{Sm-WnIv Iºyq-´dpamb "F\n-

bmIv' (Electronic Numerical Integrator and Calculator - ENIAC) s\°p-dn®v tI´n-

cn-°p-a-t√m.

hf-sc-b-[nIw hep-∏hpw `mchap≈ -"F\n-bmIv' \n¿an-®ncn-

°p-∂Xv 18000 Øn¬∏cw hmIzwSyq_p-Iƒ sIm≠m-Wv. CXv

C∂sØ Hcp em]vtSm-∏v Iºyq-´-dp-ambn Xmc-Xayw sNbvXp-

t\m-°q. em]vtSm∏v Iºyq-́ -dn\v tijn Bbn-c-°-W-°n\v aSßv

IqSp-Xepw AtX-k-abw hep∏w hfsc Ipd-hp-am-Wv.

Fß-s\-bmWv CXv km[y-am-bXv F∂p Nn¥n-®n-́ pt≠m? CØ-

c-Øn-ep≈ h≥ am‰-ßƒ B[p-\nI Ce-Ivt{Sm-WnIvv cwKØv

hcp-Øn-bXv A¿[-Nm-e-I-ß-sf-°p-dn-®p≈ ]T-\-am-Wv.

]Zm¿Y-ßsf Ah-bpsS Nme-I-X-bpsS ASn-ÿm-\-Øn¬ Nme-

I-ß-sf-∂pw C≥kp-te-‰-dp-Iƒ F∂pw Xcw-Xn-cn-°m-sa∂v

\nßƒ a\- n-em-°n-bn-´p-≠-t√m. F∂m¬ Nme-Ißƒ°pw

C≥kpte-‰-dp-Iƒ°pw CS-bn¬ Nme-I-X-bp≈ (Conductivity)
Nne ]Zm¿Yßfp≠v. Ah-bmWv A¿[-Nm -e -I -ßƒ

(Semiconductors). P¿ta-\nbw, knen-°¨ F∂n-h-bmWv

{][m\ A¿[-Nm-e-I-ßƒ.

A¿[-Nme-I-ß-fn¬ a‰p Nne aqe-I-ßƒ A\p-tbm-Py-ambn

Ie¿Øn Ch-bpsS Nme-I-X h¿[n-∏n-°m≥ Ign-bpw. Cu

{]{Inb tUm∏nMv (Doping) F∂-dn-b-s∏-Sp-∂p. A\p-tbm-

Py-amb aqe-I-ßƒ tN¿Øv p-ssS∏v, n-ssS∏v F∂n-ßs\

c≠p-Xcw A¿[-Nm-e-I-ßƒ \n¿an°mw.

hmIzwSyq_p-Iƒ

hmbp-iq-\-y-am-°nb Hcp •mkv

_ƒ_n-\p-≈n¬ LSn-∏n-®n-cn-

°p∂ Ce-Ivt{Sm-Up-Iƒ D≈

kwhn-[m-\-amWv hmIzwSyq-_p-

Iƒ. Ch \mw Ct∏mƒ D]-tbm-

Kn-°p∂ Utbm-Un-s\°mfpw

{Sm≥kn -k v‰ - d n - s\ -°mfpw

hep∏w IqSnbhbpw IqSp-X¬

]h¿ Bh-iy-ap-≈hbp-w BWv.

Nn{Xw 7.4
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hnhn-[-Xcw

UtbmUpIƒ

(a)  Utbm-Uv

(b)  Utbm-Uns‚ {]XoIw

Nn{Xw 7.6 (a)

Nn{Xw 7.6 (b)

tUm∏nMv aptJ\ A¿[-Nm-e-I-ß-fpsS Nme-I-X-bn¬ hyXnbm\-

ßƒ hcp-Øn \ap°v A\p-tbm-Py-amb hn[-Øn¬ Ahsb D]-

tbm-Kn-°mw F∂ imkv{X-X-Øz-Øns‚ {]tbm-K-amWv UtbmUv,

{Sm≥kn-Ã¿, sF.kn. XpS-ßn-b-h-bpsS \n¿am-W-Øn-te°p \bn-

®-Xv. CØ-c-Øn-ep≈ Nne Ce-Ivt{Sm-WnIv LS-I-ßƒ ]cn-N-b-

s∏-Smw.

UtbmUv (Diode)
Hcp A¿[-Nm-eI {InÃ-en¬ tbmPn® coXn-bn¬ tUm∏nMv \SØn

Hcp `mKw p-ssS∏pw adp`mKw n-ssS∏pambn am‰nsb-SpØ Ce-

Ivt{Sm-WnIv LS-I-am-Wv UtbmUv.

Utbm-Uns‚ Nn{Xhpw {]Xo-Ihpw \¬In-bn-cn-°p-∂Xv ImWpI.

NneXcw Utbm-Uns‚ Hc-‰Øv shfpØ \nd-Øn¬ Hcp AS-bm-

f-an-´n-´p-≠-t√m. CXmWv n `mKw. Utbm-Uns‚ Nn{Xhpw {]Xo-

Ihpw Xmc-Xayw sNbvXv  kam-\-`m-K-ßƒ GsXm-s°-sb∂v

Xncn-®-dn-bq.  Db¿∂ thmƒt´-Pnepw Id‚nepw {]h¿Øn-°p-

∂Xpw Xmgv∂ thmƒt´Pnepw Id‚nepw {]h¿Øn-°p-∂-Xp-amb

hnhn-[-Xcw Utbm-Up-Iƒ e`y-am-Wv. sk¿°o-´n-eqsS Htc Zni-

bn-ep≈ sshZypX{]hmlw km[y-am°p∂p F∂-XmWv Utbm-

Up-I-fpsS Hcp {]tXyIX.

Hcp UtbmUv, sk¿°o-´n¬ {]h¿Øn-°p-∂-sX-ß-s\-sb∂v

t\m°mw.

c≠v tSm¿®v -sk-√p-Iƒ, Hcp Utbm-Uv, Hcp tSm¿®v_ƒ_v, kzn®v

F∂nh t{iWn-bmbn LSn-∏n®v Nn{Xw 7.6 (a) te-Xp-t]mse

sk¿°o´v \n¿an-°q. F¥p \nco-£n-°p∂p?

$ Cu sk¿°o-´n¬ Nn{Xw 7.6 (b) te-Xp-t]mse am‰whcp-Øn-

t\m-°q. \nco-£-W-^ew tcJ-s∏-Sp-Øq.

Cu {]h¿Ø-\-ß-fn¬\n∂v \nßƒ FØn-t®¿∂ \nK-a\w Ipdn-

°q.

Utbm-Uns‚ p `mKw sk√ns‚ t]mkn‰ohn-t\mSpw n `mKw

s\K-‰o-hn-t\mSpw _‘n-∏n-®m¬ Utbm-Un-eqsS sshZypXn

{]h-ln-°pw. Cu coXn-bn¬ Hcp Utbm-Uns\ sk¿°o-´n¬

LSn-∏n-°p-∂-Xm-Wv t^m¿-th¿Uv _b-knMv (Forward
biasing). Utbm-Uns‚ p `mKw sk√ns‚ s\K-‰o-hn-t\mSpw

n `mKw t]mkn-‰o-hn-t\mSpw _‘n-∏n-®m¬ Utbm-Un-eqsS

sshZypXn {]h-ln-°p∂n-√. Cu coXn-bn¬ Utbm-Uns\

sk¿°o-́ n¬ LSn-∏n-°p-∂-XmWv dnthgvkv _b-knMv (Reverse
biasing).

Nn{Xw 7.5



125

Du¿PX{¥w $  Ãmt‚¿Uv - X

sse‰v Fan-‰nMv Utbm-Uv (Light Emitting Diode
- LED)

sshZypXn {]h-ln-°p-tºmƒ {]Imiw DXvk¿Pn-°p-∂

Utbm-Up-Iƒ I≠n-´n-t√. CØcw Utbm-Up-I-fmWv

LED Iƒ. Nne A¿[-Nm-e-I kwbp-‡-ßƒ sIm≠mWv

Ch \n¿an-®n-cn-°p-∂-Xv. LED Ifn¬ \n∂p≈ {]Im-i-

Øns‚ \ndw AXns‚ \n¿amWØn\p-]-tbm-Kn-®n-cn-

°p∂ ]Zm¿Yßsf B{i-bn-®n-cn-°p-∂p. Nph-∏v, Hmd-

©v, a™, ]®, \oe, shfp∏v F∂o \nd-ß-fn¬ {]Imiw

DXvk¿Pn-°p∂ LED Iƒ Ct∏mƒ e`y-amWv.

Nn{Xw 7.6 (a) se sk¿°o-´n¬ Utbm-Un\p ]Icw Hcp

LED LSn-∏n®v {]h¿Ø\w Bh¿Øn°q. Fs¥√mw

\nK-a-\-ß-fn-emWv \nßƒ FØn-t®-cp-∂Xv?

{]h¿Ø-\-Øn\v hfsc Ipd™ Du¿Pw aXn F∂-Xn-

\m¬  LED Iƒ Ce-Ivt{Sm-WnIv D]-I-c-W-ß-fn¬ C≥Un-

tI-‰-dp-I-fmbn hym]-I-ambn D]-tbm-Kn-°p-∂p. IqSp-X¬

D]-tbm-K-ßƒ Is≠Øn ]´nI hn]p-eo-I-cn-°q.

LED IfpsS D]-tbm-K-ßƒ

$ hml-\-ß-fpsS slUvsse‰pIƒ

$ sSbn¬ emºpIƒ

$ sse‰v tjmIƒ

$ {Sm^nIv knKv\-ep-Iƒ

$ Unkvtπ t_m¿Up-I-ƒ

$

C≥Un-tI-‰-dmbn LED Iƒ hym]-I-am-b-Xns‚ ASn-ÿm-

\-sa-¥m-bn-cn°pw? Ipdn-°p-I.

sdIvSn-^n-t°-j≥ (Rectification)

sse‰v Fan-‰nMv Utbm-Uv (LED)
t^m¿thUv _b-kn-ßn¬ Bbn-

cn-°p-tºmƒ {]Imiw ]pd-s∏-Sp-hn-

-°p∂ Xcw Utbm-UmWv LED.

LED IfpsS {]tXy-I-X-Iƒ:

$ Ipd™ Du¿tPm-]-tbmKw

$ sNdpXv

$ CuSp-\n¬°p-∂Xv

$ hne-°p-dhv

$ \n¿amW LS-\-bv°-\p-k-cn®v

hnhn[ h¿W-ß-fn -ep≈

{]Imiw \¬Ip-∂p.

$ Xm]\ne-bn-ep≈ hyXn-bm-\-

ßƒ {]h¿Ø-\sØ Imcy-

ambn _m[n-°p-∂n-√.

Nn{Xw 7.7

Nn{Xw 7.8 se t]mse Hcp sk¿°o´v cq]o-I-cn-°q. T Hcp sÃ]v

Uu¨ {Sm≥kvt^madpw D Hcp UtbmUpw BWv.

T +

_

220 V 3 V Hu v́]p v́~

Nn{Xw 7.8

D

Utbm-Unte°v sImSp-Øn-cn-°p∂ AC bpsS {Km^nIv Nn{Xo-I-c-

W-amWv Nn{Xw 7.9 (a) bn¬ ImWp-∂Xv.
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Nn{Xw  7.9 (a), (b) Ch hni-I-e\w sNbvXv Hu v́]p v́ thmƒ -́XbpsS {]tXy-

I-X-Iƒ Fgp-Xp-I.

$ CS-hn-´mW.v

$ Htc Zni-bn¬ am{X-amWv sshZypX{]hmlw.

$ thmƒ´X IqSnbpw Ipd-™p-an-cn-°pw.

Utbm-Un-eqsS ]pd-Øp-h-cp∂ sshZyp-Xn-bpsS {Km^n¬ ]IpXn `mKw

Hgn-hm-b-Xmbn I≠-t√m. Cu coXn-bn¬ Utbm-Un-eqsS AC IS∂pt]mIp-

tºmƒ Hcp Zni-bn¬ am{Xw H∂n-S-hn´v Hgp-Ip∂ sshZypXn e`n-°p-∂p.

Cu {]h¿Ø-\-amWv lm v̂ thhv sdIvSn-̂ n-t°-j≥ (Half wave rectification).
Cu {]h¿Ø\w km[y-am-°p∂ D]-I-c-W-amWv lm^v thhv dIvSn-^-b¿

(Half wave rectifier).

lm^v thhv dIvSn--^-b¿ D]-tbm-Kn®v AC sb CS-hn-´p≈ DC B°n am‰m-

sa∂v  I≠-t√m. F∂m¬ AC t{kmX- n¬\n∂v XpS¿®-bmbn DC e`n-

°m--\p≈ am¿Kw F¥m-sW∂v t\m°mw.

0 Ath
mƒ

´
X

kabw

B C D E F G H I J

0 A

th
mƒ

´
X

B C D E F G H I J

AC t{kmX n¬ \n∂p≈ thmƒ -́X-bpsS {Km v̂

Nn{Xw 7.9 (a)

 Hu v́]p v́ thmƒ -́X-bpsS {Km v̂

Nn{Xw 7.9 (b)

Cu sk¿°o-´ns‚ Hu´v]p´v thmƒ´-X-bmWv Nn{Xw 7.9 (b) kqNn∏n-°p-

∂Xv.

IT @ School
Edubuntu hnse

KTech lab
{]tbm-P-\-s∏-Sp-

ØpI

kabw
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^pƒthhv dIvSn-̂ n-t°-j≥ (Full wave rectification)

X∂n-́ p≈ sk¿°o v́ Nn{Xw \nco-£n-°q. sk¿°o-́ ns‚ C≥]p-

´n¬  AC (Alternating current) \¬Ip-∂p F∂v Icp-Xp-I.

$ A F∂ A{Kw t]mkn-‰ohpw B F∂ A{Kw s\K-‰ohpw

Bbp≈ ka-bØv GXv Utbm-Um-bn-cn°pw t^m¿thUv

_b-kn-ßn-emhpI?

A

B

C
C≥]p v́

D 1

D 2

Hu v́]p v́

RF E

Nn{Xw 7.10

$ At∏mƒ {]Xn-tcm-[Iw R eqsS-bp≈ sshZyp-X-{]-hml

Znitbm?

E bn¬ \n∂v F te°v Bbn-cn-°p-at√m? C\n B F∂ A{Kw

t]mkn-‰ohpw A F∂ A{Kw s\K‰ohpambn hcp∂ ka-bØv

GXp Utbm-Um-bn-cn°pw t^m¿thUv  _b-kn-ßn¬ BhpI?

At∏mgpw R eqsS-bp≈ sshZypX{]hmlw E bn¬ \n∂v F
te°p Xs∂-bt√?

Aß-s\-sb-¶n¬ {]Xn-tcm-[Iw R eqsS-bp≈ sshZyp-Xn-bpsS

{Km^v hc-®p-t\m-°q (Nn{Xw 7.11).

$ {Km^v hni-I-e\w sNøp-tºmƒ F¥p \nK-a-\-Øn-te-

°mWv \nßƒ FØn-t®-cp-∂Xv?

XpS¿®-bmbn Htc Zni-bn¬ {]h-ln-°p∂ sshZyp-Xn-bm-

Wt√m Hu´v]p-´n¬ e`n-°p-∂Xv.

sk‚¿ Sm∏vUv {Sm≥kvt^m-a¿

km[m-cW {Sm≥kvt^m-a-dn¬ \n∂v

hyXy -kvX -ambn sk°≥Udn

tImbn-ens‚ a[y-Øn-ep≈ _nμp-

hn¬ \n∂v Hcp hb¿ _‘n-∏n®v

]pd -sØ-Sp -°p∂ coXn -bn -ep≈

{Sm≥kvt^m-a¿ BWn-Xv. sk°≥U-

dn-bn-eqsS AC {]h-ln-°p-tºmƒ P
F∂ _nμp t]mkn-‰o-hm-sW∂v

k¶¬∏n-°q. At∏mƒ Q s\K-‰ohv

Bbn-cn-°pw. P, Q Chbv°v CS-bn¬

InS°p∂ R Hm ? P sb At]-£n®v

s\K-‰ohpw Q s\ At]-£n®v

t]mkn-‰ohpw Bbn-cn-°pw. AXm-

bXv sk°≥U-dn-bpsS tImbn-en\p

apI-fnse ]IpXn `mKw (AC) ]cn-K-

Wn-°p-tºmƒ R s\K-‰ohv Bbn-cn-

°pw. Xmsg-bp≈ ]IpXn (RQ)
am{Xw ]cn-K-Wn-®m¬ Q t]mkn-‰ohv

Bbn-cn-°p-tºmƒ R s\K-‰ohv Bbn-

cn-°pw. sk°≥U-dn-bn¬ CØcw

{Iao-I-cWw \S-Øn-bn-´p≈ {Sm≥kv-

t^m-a-dp -IfmWv sk‚¿ Sm∏vUv

{Sm≥kvt^m-a-dp-Iƒ.

Q

P

R

kabw

thmƒ´X

Nn{Xw 7.11
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{Sm≥kn-Ã-dp-Iƒ

npn pnp

A¿[-Nm-e-I-{In-Ã-en¬ Hcp n `mKhpw Hcp p `mKhpw {Iao-I-cn-®n-cn-°p-

∂-Xm-Wt√m Utbm-Uv. CXp-t]mse A¿[-Nm-eI {InÃ-ens‚ c≠v ̀ mK-

ß-fn¬ n taJ-ebpw Ah-bpsS CS-bn¬ Hcp p taJ-ebpw cq]-s∏-Sp-

ØnsbSpØ kwhn-[m-\-amWv npn {Sm≥kn-Ã¿.

F¶n¬ pnp {Sm≥kn-Ã-dns‚ LS\ F{]-Im-c-am-bn-cn°pw?

{Sm≥kn-Ã-dp-I-fpsS hnhn[ [¿a-ß-fn¬ H∂mWv Bwπn-^n-t°-j≥.

Nn{Xw 7.12

kabw

+
0

DC (t\¿[mcm sshZyp-Xn-)

Hcp sk¿°o-́ nse sshZyp-Xn-{]-

hm-l-w Ft∏mgpw Htc Znibn-

em-sW-¶n¬ AØcw sshZypXn

DC Bbn-cn-°pw.

_m‰-dn-bn¬ \n∂p≈ sshZyp-Xn-bpsS

{Km^nIv Nn{Xo-I-cWw

\ΩpsS hoSp-I-fn¬ ]e Bh-

iy-Øn-\mbn D]-tbm-Kn-°p∂

sk√p-Iƒ, samss_¬ t^m¨

_m‰-dn, hml-\-ß-fnse _m‰dn

F∂nh DC t{kmX- p-IfmWv.

I
d
‚

v

C{]-Imcw AC sshZyp-Xnsb XpS¿®-bmbn Htc Zni-bn¬

Hgp-I-Ø-°-hn[w amdp-∂-Xn\v k÷o-I-cn-®n-´p≈ sdIvSn-

^-b-dmWv ^pƒthhv dIvSn-^-b¿.

AC sb XpS¿®-bmbn Htc Zni-bn¬ Hgp-Ip∂hn[w

k÷o-I-cn-®n-´p≈ kwhn-[m\amWv ^pƒthhv dIvSn^-

b¿.

Utbm-Up-I-fpsS {]h¿Ø\w a\- n-em-°n-b-t√m.

Utbm-Up-I-fn¬\n∂v Ce-Ivt{Sm-WnIv cwK-Øp-≠m-bn-́ p≈

Hcp apt∂-‰-amWv {Sm≥kn-Ã-dp-I-fpsS I≠p-]n-Sn-Øw.

{Sm≥kn-ÃdpIƒ (Transistors)
Utbm-Uns‚ {]h¿Ø\w a\- n-em-°n-b-t√m. A¿[-Nm-

e-Ißƒ D]-tbm-Kn®v \n¿an-®n-cn-°p∂ as‰mcp Ce-Ivt{Sm-

WnIv LS-I-amWv {Sm≥kn-Ã¿. {Sm≥kn-Ã-dp-Iƒ°v aq∂v

sS¿an-\-ep-Iƒ D≠m-bn-cn-°pw. \n¿am-W-Øn-\p-]-tbm-Kn-®n-

´p≈ ]Zm¿Y-ß-fpsS khn-ti-j-X, \n¿am-W-coXn XpS-

ßn-b-h-bnse {]tXy-I-X-Iƒ ImcWw \qdp-I-W-°n\v

hyXy-kvX- tamU-ep-I-fn-ep≈ {Sm≥kn-Ã-dp-Ifp≠v. Ce-

Ivt{Sm-WnIv sk¿°o-´p-I-fn¬ hnhn[ [¿a-ßƒ \n¿h-ln-

°m≥ {Sm≥kn-Ã-dp-Iƒ D]-tbm-K-s∏-Sp-Øn-h-cp-∂p. {Sm≥kn-Ã¿ c≠v Xc-

ap-≠v ˛ npn {Sm≥kn-Ã¿, pnp {Sm≥kn-Ã¿.
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Nn{Xw 7.14, 7.15 (a), (b) F∂nh \nco-£n-

°q. Bwπn-̂ n-t°-j\p apºpw Bwπn-̂ n-t°-

j\p tijhpw Hcp \n›nX ka-b-Øn-\-

IØv D≠mb ssk°n-fp-I-fpsS FÆ-Øn¬

hyXymkw ImWp-∂pt≠m? Xcw-Kßƒ°v

as‰-s¥-¶nepw hyXymkw ImWp-∂pt≠m?

CXn¬\n∂v F¥p \nK-a-\-Øn-seØmw?

Bwπn-^n-t°-js‚ ^e-ambn kn·-ep-I-

fpsS BbXn h¿[n-°p-∂p. BhrØn-bn¬

am‰-ap≠mIn√.

C‚-t{K-‰Uv sk¿°o´p-Iƒ

(Integrated circuits)
Ce-Ivt{Sm-WnIv sk¿°o-´pI-fn¬ D]-tbm-

Kn-°p∂ dkn-Ã¿, I∏m-kn-‰¿, {Sm≥kn-Ã¿,

kabw

kabw

Bwπn-̂ n-t°-j-\p apºv

Bwπn-̂ n-t°-j-\p- tijw

Bwπn-̂ b¿

s
s
h

Z
yp
X

 k
nK

v\
¬

s
s
h

Z
yp
X

 k
nK

v\
¬

Nn{Xw 7.15 (a)

Nn{Xw 7.15 (b)

Bwπn-̂ -b¿. Hcp {]Xo-Im-flI Nn{Xo-I-cWw

Nn{Xw 7.13

Nn{Xw 7.14 i_vZ-kn-Kv\-ep-I-fpsS Bwπn-̂ n-t°-j≥ Nn{Xo-I-cWw

(a) i_vZ-kn-Kv\-ep-I-ƒ (b) Bwπnss^ sNbvX i_vZ-kn-Kv\-ep-Iƒ

Bwπn-̂ n-t°-j≥ (Amplification)

ssat{Im-t^m-¨ D]-tbm-Kn®v i_vZ-X-cw-K-ßsf sshZyp-X knKv\epIfm°n am‰mw

F∂p \mw ]Tn-®n-´p-≠-t√m. CØcw knKv\-ep-Isf i_vZknKv\-ep-Iƒ F∂p ]d-

bmw. Cu knKv\-ep-Iƒ°v Hcp euUvkv]o°-dns‚ thmbvkv tImbn-ens\ Iº\w

sNøn-°m≥ i‡n-bp-≠m-hn-√. AXn-\m¬ ssat{Im-t^m-Wn¬\n∂p≈ knKv\ep-

IfpsS i‡n h¿[n-∏n-t°-≠-Xp-≠v.

sshZypXknKv\-ep-I-fpsS i‡n h¿[n-∏n-°p∂ {]{In-b-bmWv Bwπn-^n-t°-j≥.



130

Du¿PX{¥w $  Ãmt‚¿Uv - X

UtbmUv F∂o LS-I-ßƒ \nßƒ ]cnN-b-s∏-´-t√m.

k¶o¿W-amb Ce-Ivt{Sm-WnIv sk¿°o-́ p-I-fn¬ CØcw

]Xn-\m-bn-c-°-W-°n\v Ce-Ivt{Sm-WnIv LS-I-ßƒ D]-

tbm-Kn-t°≠nhcpw. At∏mƒ sk¿°o-́ p-IfpsS hep∏w

Duln-°m-hp-∂-Xt√bp≈q. F∂m¬ B[p-\nI kmt¶-

XnIhnZy-bn-eqsS Hcp sNdnb A¿[-Nm-eI]mfn-bn¬

e£-°-W-°n\v Ce-Ivt{Sm-WnIv LS-I-ßƒ A\p-tbm-

Pyamwhn[w ]c-kv]cw _‘n-∏n®p cq]-s∏-Sp-Øn-sb-Sp-

°m≥ Ign-™n-´p-≠v. Cu kwhn-[m-\-sØ-bmWv C‚-

t{K-‰Uv sk¿°o-´v AYhm IC Nn∏v F∂p ]d-bp-∂-Xv.

[mcmfw dkn-Ã-dp-Iƒ, Utbm-Up-Iƒ, {Sm≥kn-Ã-dp-Iƒ,

I∏m-kn-‰-dp-Iƒ F∂nh Dƒs°m-≈p∂ sk¿°o´v Hcp

sNdnb A¿[-Nm-eI Nn∏n-\p-≈n¬ HXp°n \n¿an-®n-cn-

°p∂ kwhn-[m-\-amWv C‚-t{K-‰Uv sk¿°o´v Nn∏v (IC
Nn∏v).

IC Nn∏pI-fpsS {]m[m\yw Fs¥∂p t\m°mw.

$ Hcp Nn∏n¬ tImSn-°-W-°n\v {Sm≥kn-Ã-dp-Ifpw a‰p

LS-I-ßfpw GtIm-]n-∏n®v cq]-s∏-Sp-∂-Xn-\m¬ D]-

I-c-W-ß-fpsS hep∏w Ipd-bv°m≥ km[n-®p.

$ Db¿∂ £aX Dd-∏p-h-cp-Øm≥ Ign-™p.

$ hniz-k-\o-bX

$ Ipd™ Du¿tPm-]-t`mKw

$ Zo¿L-Imew CuSp-\n¬°p-∂Xv.

$ Xm]-hy-Xn-bm-\-ßsf Hc-f-hphsc sNdp-°m-\p≈

Ignh.v

BZysØ Ce-Ivt{Sm-WnIv Iºyq-´-dn\v ÿnXn-sN-øm≥

hen-sbmcp sI´nSw Xs∂ Bh-iy-am-bn-cp∂p F∂-dn-

IC Iƒ {][m\

D]-tbm-K-ßƒ

555 ssSa¿ XpS-ßnb Bh-iy-

ßƒ°v

810 Bwπn-^-b¿ Bbn

(b). Hcp IC bpsS hep-∏sØ hn-c-ens‚ hep-∏-

hp-ambn Xmc-Xayw sNbvXn-cn-°p∂p.

(a) hnhn-[-Xcw IC Iƒ

ssat{Im-t{]m-k-k¿

1972¬ ]pd-Øn-d-ßnb 8008 F∂

t{]mk-k-dn¬ 3,500 {Sm≥kn-Ã-dp-I-fm-

Wv Dƒs°m-≈n-®n-cp -∂-Xv. ]Øp

h¿jw Ign™v 1982¬ ]pd-Øn-d-°nb

GXm≠v AtX hep-∏-Øn-ep≈ 80286
F∂ t{]mk-k-dn¬ 1,34,000 {Sm≥kn-

Ã-dp-I-fm-Wp-≠m-bn-cp-∂-Xv. 1993 ¬ 31
e£w {Sm≥kn-Ã-dp-I-fp≈ "s]‚nbw'

t{]mk-k-dp-Iƒ hn]-Wn-bn-se-Øn.

hep∏w GXm≠v ]g-b-Xp -X-s∂.

h¿jw 2002 Bbt∏mtg°v 550 e£w

{Sm≥kn-Ã-dp-If-S-ßnb "s]‚n-bw-˛4'
F∂ t{]mk-k¿ cwK-sØ-Øn.  2010
am¿®n¬ "tIm¿ i7' t{]mk-k-dn¬

Dƒs°m-≈p∂ {Sm≥kn-Ã-dp-Iƒ F{X-

sbt∂m? 170 tImSn!  Ct∂m?

Nn{Xw 7.16
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bmtam? F∂m¬ Ct∂m? t]m°-‰nen´p \S-°m-hp-∂{X sNdnb Iºyq-

´-dp-Iƒ hn]-Wn-bn¬ kpe-`-am-Wv. C‚-t{K-‰Uv sk¿°o´p-I-fpsS hc-

thm-sS-bm-Wn-Xv km[n-®Xv. Iºyq-´-dnse t{]mk-k¿ Hcp C‚-t{K-‰Uv

sk¿°o´m-Wv.

Zie£-°-W-°n\v {Sm≥kn-Ã-dp-Isf hfsc sNdnb Hcp Nn∏n-\p-≈n¬

HXp-°n cq]-s∏-Sp-Øn-bn-cn-°p∂ kwhn-[m-\-amWv ssat{Im-t{]m-k-k¿.

Ce-Ivt{Sm-WnIv D]-I-c-W-ß-fpsS hep∏w Ipd-™p-h-cp-∂Xv Fß-s\-

sb∂p a\- n-em-bt√m.

B[p-\nI kmt¶-XnI hnZy-Iƒ

Ce-Ivt{Sm-Wn-Ivkns‚ hnImkw {]tbm-P-\-s∏-Sp-Ønb B[p-\nI kmt¶-

XnI hnZy-I-fn¬ NneXv ]cn-N-b-s∏-Smw.

hm¿Ømhn\n-abw (Telecommunication)

]e-X-c -Ønep -≈Xpw hyXykvX D]-tbm -K -ß-fp≈Xp -amb

samss_¬t^m-Wp-Iƒ C∂v k¿h-km-[m-c-W-am-W-t√m. \nßƒ°v

]cn-Nn-X-amb a‰p hm¿Øm-hn-\n-ab kwhn-[m-\-ßƒ GsXms° F∂v

Ipdn-°q.

$ C‚¿s\‰v

$ sSen-hn-j≥

$

C∂sØ coXn-bn¬ Cu kwhn-[m-\-ßƒ hnI-kn®p-h-∂-Xn\p ]n∂n-

ep≈ kmt¶XnIhnZ-y-Iƒ GsXm-s°-bm-sW∂p t\m°mw.

t^mt´m-WnIvkv (Photonics)

{]Im-i-I-W-ß-fmb t^mt´m-Wp-IfpsS kz`mhw, \nb{¥Ww,

D]tbmKw F∂nhsb Ipdn®v ]Tn-°p∂ imkv{X-im-J-bmWv CXv.

CXp-ambn _‘-s∏´ imkv{X-im-J-I-fmWv tek¿ H]v‰n-Ivkv,  ss^_¿

H]v‰n-Ivkv XpS-ßnb-h.

tek¿ H]v‰nIvkv D]-tbm-Kn-°p∂ taJ-e-Iƒ°v DZm-l-c-W-ßƒ Fgp-

Xn-t\m-°q.

$ _m¿tImUv doU¿

$ CD, DVD ssd‰¿

-]-g-b-Im-eØv sSen-t^m¨ kwhn-[m-\-ß-fn¬ Iºn-I-fm-bn-cp∂p D]-

tbm-Kn-®n-cp-∂-Xv. H]v‰n-°¬ ss^_-dp-Iƒ D]-tbm-Kn®v hfsc AI-

te°v hfsc thK-Ønepw hfsc IqSp-Xepw hnh-c-ßƒ (Data) Du¿P-

\jvSw IqSmsX Htckabw Ab-bv°m≥ km[n-°p-∂p F∂v Is≠-

Øn-b-tXmsS hm¿Øm-hn-\n-a-b-cw-KØv h≥ am‰-ß-fmWv D≠m-b-Xv.

Cu am‰-ßƒ ]´n-I-bn¬ tN¿Øn-cn-°p-∂p.

Nn{Xw 7.17
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WiFi (Wireless Fidility)

hb-dp-I-fpsS klm-b-an-√msX tdUntbmXcw-

K-ßƒ D]-tbm-Kn®v D]--Ic-W-ßƒ XΩn¬

_‘n-∏n®v hnhcssIam‰w km[y-am-°p∂

kwhn-[m-\-amWv CXv. CXn-\mbn tdUntbm-

Xcw-K-ßƒ t{]jWw sNøp-∂Xn\pw kzo-I-

cn-°p-∂Xn\pw kwhn-[m-\-ßƒ Bh-i-y-am-Wv.

$ WiFi tamUw D]-tbm-Kn®v H∂n-e-[nIw

Iºyq-´-dp-I-fn¬ hb¿ _‘-an-√msX

C‚¿s\‰v e`y-am-°m≥ km[n-°pw.

$ samss_¬t^mWp -Iƒ XΩn¬

hnhcssIam‰w km[y-am-°mw.

UnPn-‰¬ Im-ad (Digital camera)

Nn{X-ß-sfbpw Zri-y-ß-sfbpw t\cn´v UnPn-

‰¬ kKv\-ep-I-fm°n am‰p-∂-h-bmWv UnPn-‰¬

Im-a-dIƒ. Ima-d-bnse CtaPv sk≥kdmWv

CXv sNøp-∂-Xv. CØcw Imad-Ifn¬ ^nenw

D]tbmKn°p∂n√.

CXnse ]nIvk-ep-I-fpsS FÆ-amWv Nn{X-

hm¿Øm-hn-\n-ab kmt¶-Xn-I-hn-Zy-bnse hf¿®

ktμ-i-ß-fpsS {]tXy-IX/

hnhc hn\n-ab khn-ti-jX

i_vZ-ho-Nn-Iƒ am{Xw, thKw

XoscIpdhv

i_vZhoNn-Iƒ, thKw  Ipdhv

2 kbps

i_vZ-ho-Nn-Ifpw A£-c-ßfpw,

C‚¿s\‰v, thKw Ipdhv 384 kbps

i_vZ-ho-Nn-Iƒ, A£-c-ßƒ, Zriy-

ßƒ, C‚¿s\-‰v, thK-hpw IrXy-

Xbpw IqSp-X¬. thKw 2 Mbps

i_vZ-ho-Nn-Iƒ, A£-c-ßƒ, Zriy-

ßƒ, C‚¿s\-‰v, thKhpw IrXy-

Xbpw hfsc IqSp-X¬. thKw 100
Mbps

D]-tbm-Kn-°p∂

knKv\-ep-Iƒ

A\temKv

A\-temKv

UnPn-‰¬

tdUntbmXcw-K-ß-fmbpw H]v‰n-

°¬ ss^_¿ hgnbpw Ab-

bv°p∂ UnPn-‰¬ knKv\-ep-Iƒ

tdUntbm Xcw-K-ß-fmbpw H]v‰n-

°¬ ss^_¿ hgnbpw Ab-

bv°p∂ UnPn-‰¬ knKv\-ep-

Iƒ.

Xe-apd

km[m-cW sSen-t^m¨

1G (sk√p-em¿ kmt¶-Xn-I-hn-Zy)

H∂mw Xe-ap-d

2G (sk√p-em¿ kmt¶-Xn-I-hn-Zy)

c≠mw Xe-ap-d

3G (sk√p-em¿ kmt¶-Xn-I-hn-Zy)

aq∂mw Xe-ap-d

4G (sk√p-em¿ kmt¶-Xn-I-hn-Zy)

\memw Xe-ap-d

Hcp PnKm-ss_‰v s]¿ sk-°‚ v (1gbps) hnhc hn\n-abthKam¿Pn-°p∂ ASpØ Xe-ap-d-

bmWv 5G (Fifth Generation).

A\-temKv, UnPn-‰¬ knKv\ep-Iƒ
`uXnI Af-hp-Iƒ°v A\p-\n-anjw D≠m-bn-

s°m-≠n-cn-°p∂ am‰-ßsf XpS¿®-bp≈ Ce-

Iv{Sn-Ivkn-Kv\-ep-I-fm°n am‰p-I F∂-XmWv A\-

tem-Kvkn-Kv\-ep-IfpsS {]tXy-I-X. IrXyX IqSp-

X-ep≈ knKv\ep-I-fm-Wn-h. ZØ-ßƒ (Um‰)

kw`-cn-®p-h-bv°m≥ IqSp-X¬ ÿew Bh-iy-am-

Wv. hm®v, t¢m°v, euUv kv]o°¿, kv]otUm-

ao-‰¿ F∂n-h-bn¬ {]tbm-P-\-s∏-Sp-Øp-∂p.

]c-am-h[n c≠v hne-Iƒ sIm≠p am{Xw {]Xn-

\n-[o-I-cn-°m-hp-∂-h-bmWv UnPn-‰¬ knKv\ep-

Iƒ. D≠v/ C√, icn/ sX‰v, Hm¨/ Hm^v F∂n-

ßs\. Chbv°v hy‡X IqSp-X¬ BWv. ZØ-

ßƒ ]cn-an-X-amb ÿeØv hfsc IqSp-X¬

kw`cn®p hbv°m≥ Ign-bpw. Iºyq-´¿, kn.Un

F∂n-h-bn-se√mw UnPn-‰¬ coXn D]-tbm-Kn®p

hcp-∂p.

A\-temKv UnPn-‰¬



133

Du¿PX{¥w $  Ãmt‚¿Uv - X

Øns‚ hy-‡X \n›-bn-°p-∂-Xv. 2 MP (2 saKm]n-Ivk¬).

5 MP, 10 MP Imad F∂n-ßs\ tI´n-´p-≠m-Ip-a-t√m.

sNdnb UnPn-‰¬ Im-a-d-Iƒ LSn∏n-®n-cn-°p∂ D]-I-c-W-ßƒ

Is≠-Øq.

$ t{UmWp-Iƒ

$ samss_¬t^mWp-Iƒ

$ kn.kn.Sn.hn

$

F®v.Un. (HD) kwt{]-£Ww

ssl sU -̂\n-j≥ F∂-XmWv HD bpsS ]q¿W-cq-]w. Hmtcm

s{^bn-an-ep-ap≈ ]nIvk-ep-I-fpsS IqSnb FÆ-amWv CXv

\n›-bn-°p-∂-Xv. ]e-X-c-Øn-ep≈ HD t{]jWap≠v. DZm-

l-c-W-ambn Hmtcm s{^bn-anepw 2,73,600 ]nIvk-ep-Iƒ

t{]jWw sNøp∂ Xc-ap-≠v. Ct∏mƒ HD e -̀y-am-Ip∂ kwhn-

[m-\-ßƒ \nßƒ°-dn-bm-hp∂Xv Fgp-Xq.

$ samss_¬t^mWp-Iƒ

$

hm¿Øm-hn-\n-ab kmt¶-XnIcwKw C∂sØ cq]-Øn¬

hf¿® {]m]n-®-Xn\p ]n∂n-ep≈ Nne Bi-b-ßƒ \nßƒ

a\- n-em-°n-b-t√m. imkv{Xkmt¶-XnI apt∂-‰-ßƒ km[y-

am-°p∂ as‰mcp \qX\ cwK-amWv \mt\m-sS-Ivt\m-f-Pn.

\mt\m- sS-Ivt\m-fPn (Nano Technology)

"hfsc sNdpXv' F∂ A¿Yw h-cp∂ hm°mWv "\mt\m'.

1nm F∂Xv 10-9m BsW∂v \nßƒ ]Tn-®n-´p-≠-t√m.

GXm≠v aq∂v B‰-ßsf \nc-Øn-h-®m¬ In´p∂ \of-amWv

Hcp \mt\m ao‰¿ (1nm). CXv F{X-tØmfw sNdp-Xm-bn-cn-°p-

sa∂v Duln-°m-a-t√m.

1 nm apX¬ 100 nm hsc hep-

∏-ap≈ IW-ßsf D]-tbm-K-

s∏-SpØn ]pXnb ]Zm¿Y-

ßfpw D]-I-c-W-`m-K-ßfpw

D≠m-°p∂ imkv{X-im-J-

bmWv \mt\m -sSIvt\mfPn

F∂-dn-b-s∏-Sp-∂Xv.

]Zm¿Y-ßsf \mt\m hep-∏-Øn-te°p am‰p-tºmƒ Ah-bpsS

{]X-e-]c-∏fhpw hym]vXhpw XΩn-ep≈ A\p-]mXw {Iam-

Xo-X-ambn IqSp-∂-Xp-sIm≠v Ah-bpsS `uXnIKpW-ß-fn¬

\mt\m IWn-I-Iƒ

\mt\m hep-∏-Øn-ep≈ IWn-I-I-fpsS

kz̀ m-h-hn-ti-j-ßƒ imkv{X-temIw

C{Xbpw hnImkw {]m]n-°p-∂-Xn\p

apºpw Adn-bm-am-bn-cp-∂p. \mt\m IWn-

I-Iƒ F∂-dn-bm-sX -Xs∂ kz¿W-

Øn-s‚bpw sh≈n-bp-sSbpw t\cnb

IWn-I-Iƒ D]-tbm-Kn®v •mkn\v \ndw

-sIm-Sp-Øn-cp-∂p. DZm: •mkn¬ kz¿W

ehWw tN¿Øm¬ Nph∏v \ndhpw

sh≈n-bpsS ehWw tN¿Øm¬

a™ \ndhpw e ǹ-°p-∂p. \mt\m hep-

∏-Øn-ep-≈h D≠m-°p∂ {]Xn-̀ m-k-

ßƒ {]Ir-Xn-bnepw \ap°v ImWm-

\m-Ipw. abn¬]o-en-bn¬ {]Imiw hogp-

tºmƒ D≠m-Ip∂ {]Im-i-hn-kva-bw,

Xmac, tNºv XpS-ßnb sNSn-I-fpsS

Ce-I-fn¬ sh≈w H ń-∏n-Sn-°m-Xn-cn-°m-

\p≈ Ign-hv, Nne-¥n-h-e-bpsS ZrVX

XpS-ßn-bh Ch-bn¬ Nne-Xp-am-{Xw.

Nn{Xw 7.18

Nn{Xw 7.19

Nn{Xw 7.20
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h≥ am‰-ap-≠m-Ip∂p F∂ khn-ti-j-X \mt\m sSIvt\m-f-Pn°v hnim-e-amb

km[-y-X-I-fmWv Hcp-°n-bn-cn-°p-∂-Xv. DZm-l-c-W-am-bn,

AXm-c-y-amb hkvXp-°ƒ kpXm-c-y-ambnamdpw (tIm∏¿), Pz-en-°mØ hkvXp-

°ƒ Pz-e-\-Øn\v hnt[-b-am-Ipw (Aep-an-\n-bw), ebn-°mØ Nne hkvXp-

°ƒ°v eb-\kz-`mhw  e`n-°pw (kz¿Ww).

\mt\m sSIvt\mf-Pn ̂ e-{]Z-ambn D]-tbm-K-s∏-Sp-Øn-bm¬ km[n-°p∂ Nne

Imc-y-ßƒ {i≤n-°q.

$ apdn-hp-Iƒ s]s´∂v DW°p∂ _mt‚PpIƒ D≠m-°mw.

$ £aX IqSnb _m‰-dn-Iƒ \n¿an-°mw.

$ s]bn‚pIƒ, hm¿Wnjv F∂nh D≠m-°mw.

$ `mcw Ipd™ Unkvtπ kv{Io\p-Iƒ \n¿an-°mw.

$ CuSp\n¬°p∂Xpw th\¬°m-e-ß-fn¬ XWp-∏p-X-cp -∂-Xp-amb

tkmIvkp-Ifpw a‰p hkv{X-ßfpw \n¿an-°mw.

$ CuSp\n¬°p∂ sS∂n-kvt_mƒ

$

hnhn[ taJ-e-I-fn¬ \mt\m sSIvt\m-fPnbpsS D]-tbmKw h¿[n-®p-h-cp∂p

F∂p a\- n-em-b-t√m.

Ch IqSmsX \mt\m sSIvt\m-fPn-bpsS IqSp-X¬ D]-tbm-K-ßƒ Is≠-Øq.

$ \mt\m sSIvt\m-f-Pn°v B t]cp hcm≥ Imc-W-sa¥v?

$ ]Zm¿Y-ß-fpsS GXp khn-ti-j-X-bmWv \mt\m sSIvt\m-f-Pn-bn¬ D]-

tbmKs∏Sp-Øn-bn-cn-°p-∂-Xv.

\mt\m sSIvt\m-fPnbnep-≠m-Ip∂ hnImkw \ΩpsS ̀ mhnPohn-XsØ Fß-

s\-sbms° kzm-[o-\n°mw F∂-Xn-s\-°p-dn®v hnh-c-ßƒ tiJ-cn®v kb≥kv

¢∫n¬ Hcp skan-\m¿ \S-Øq.

tdmt_m´nIvkv (Robotics)

a\p-j-y\p sNøm≥ km[n-°p-∂tXm km[n-°m-ØtXm Bb hnhn[ tPmen-

Iƒ sNøm≥ X°-hn[w cq]-s∏-Sp-Øn-sb-Sp-Øn-cn-°p∂ b{¥-ß-fmWv tdmt_m-

´p-Iƒ. Chsb b{¥-a-\p-j-y¿ F∂p hnfn-°m-dp-≠v.

a\pj-y-\nb-{¥n-Xtam kzbw {]h¿ØI kwhn-[m\w hgn-tbm hnZqc\nb-

{¥W kwhn-[m\w hgntbm I¿Øhyw \n¿h-ln-°p∂ b{¥ßfmWv

tdmt_m-´p-Iƒ. tdmt_m-´p-I-fpsS \n¿am-Whpw D]-tbm-Khpw {]Xn-]m-Zn-

°p∂ imkv{X-im-J-bmWv tdmt_m-´n-Ivkv.

hnhn[ taJ-e-I-fp-ambn _‘-s∏´ hy-X-ykvX tdmt_m-´p-I-fp≠v DZm-l-c-W-

am-bn,
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1. hy-h-km-bnIw

˛ ]Zm¿Y-ßƒ ssIIm-cyw sNø¬

˛ ]cn-tim-[\m (Inspection) tdmt_m-´p-Iƒ

2. samss_¬ tdmt_m-´p-Iƒ.

˛ {Sm°n-eq-sStbm Imep-Iƒ D]-tbm-Knt®m N{I-

ßƒ D]-tbm-Knt®m \oßp-∂-h.

3. hnZ-ym-`-ymk Bh-i-y-ßƒ°p≈ tdmt_m-´p-Iƒ

˛ tdmt_m-´nIv In‰p-Iƒ

˛ tdmt_m-em_v

4. Km¿lnI tdmt_m-´p-Iƒ

˛ Km¿lnItPmen-Iƒ \n¿h-ln-°p-∂h.

˛ B[p-\nI Ifn-∏m-´-ßƒ

5. saUn-°¬ kb≥kv cwKØv

˛ saUn-°¬ k¿Pdn cwK-Øv.

6. {]Xn-tcm[cwKØv

tdmt_m-´p-Iƒ F¥m-sW∂pw Ahsb hnhn[ Bh-i-y-

ßƒ°mbn cq]-I¬∏\ sNbvXv D]-tbm-Kn-°p∂ps≠∂pw

a\ n-em-b-t√m.

sNdpXpw hep-X-pamb hnhn[ Xcw tdmt_m-´p-Iƒ C∂p

\ne-hn-ep≠v. Ah-bn¬ Hcn-\-amWv t{UmWp-Iƒ. Chsb

Hu]-Nm-cn-I-ambn UAV (Unmanned Aerial Vehicle) F∂p

]d-bp-∂p. bYm¿Y-Øn¬ t{UmWp-Iƒ ]d-°p∂ tdmt_m-

´p-I-fm-Wv. Ch hnZqc\nb-{¥n-Xtam kzbw {]h¿ØI

kwhn-[m-\-ap≈htbm BImw. Ch-bpsS ]d-°¬ GPS
kwhn-[m-\-ap-]-tbm-Kn®v tkm^v‰vshb-dn-\m¬ \nb-{¥n-

X-am-Wv.

hnhn[ Bh-i-y-ßƒ°mbn t{UmWp-Iƒ D]-tbm-Kn-°p-

∂p. G¬∏n-°-s∏-Sp∂ tPmen-Iƒ Ip‰-a‰ coXn-bnepw

Ipd™ sNe-hnepw kq£va-X-tbm-sSbpw IrX-y-X-tbm-

sSbpw ]q¿Øn-bm-°p-∂-Xn-\memWv t{UmWp-Iƒ hym-]-

I-am-bn kzoI-cn-°-s∏-Sp-∂-Xv.

Ce-Ivt{Sm-WnIvkv F∂ imkv{X-imJ ]S¿∂p ]¥-en®v

C∂v \ΩpsS imco-cnI{]h¿Ø-\-ßsfhsc AXn

kq£vambn a\- n-em-°m≥ X°-hn[w hf¿∂n-cn-°p-∂p.

tcmK-\n¿W-b-Øn\v Bh-i-y-amb MRI Scanner (Magnetic
Resonance Imaging), Ultra Sound Scanner, ECG (Electro
Cardio Gram), EEG (Electro Encephalo Gram) XpSßnb

t•m_¬ s]mkn-j-\nwKv knÃw
(Global Positioning system (GPS)
D]--{K-l-ßƒ D]-tbm-Kn®v `qan-bn¬

hkvXp-°-fpsS ÿm\w, ka-bw, hgn-

Iƒ XpS-ßnb hni-Zmw-i-ßƒ e`y-am-

°p∂ kwhn-[m-\-amWv GPS. Cu

k÷o-I-c-W-Øns‚ {]h¿Ø-\sØ

Imem-h-ÿm hy-Xn-bm-\-ßƒ _m[n-

°p-∂n-√. ssk\nI, hym-h-km-bnI

Bh-i-y-ßƒ XpSßn km[m-c-W-°m-

cpsS Bh-iy-ßƒ°p-hsc Cu kwhn-

[m\w D]-Im-c-s∏-Sp∂p. temIØv

F√m cmP-y-ß-fnse P\-ßƒ°pw Cu

kuI-cyw kuP-\-y-ambn e`-y-am-Wv.

C¥y≥ \n¿anX GPS BWv IRNSS
(Indian Remote Navigation Satellite
System). CXn¬ \mseÆw hnt£-]n®v

Ign™p. C\n aqs∂ÆwIqSn hnt£-

]Ww sNøp-∂-tXm-sS \ap°v Cu

taJ-e-bn¬ kºq¿WX e`n-°pw.

Nn{Xw 7.21
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kq£va-Xbpw IrX-y -X -bp -am¿∂ D]m-[n -Iƒ Cu

imkv{XimJ-bpsS t\´-ß-fm-Wv. XpS¿]T\ km[-yX

Gsd-bp≈ Hcp imkv{X-am-Wn-Xv.

C˛-am-en-\y-ß-fpsS \nb-{¥Ww

Nn{Xw 7.22 \nco-£n-°q.

{]h¿Ø\w \ne-®tXm ]g-btXm Bb Iºyq-´-dp-Ifpw

LS-I-ßfpw Fhn-sS-bmWv \nt£-]n-°m-dp-≈Xv? Ch-

sb√mw GtXXv C\-ß-fn¬ Dƒs∏-Sp-∂-h-bm-Wv? Fgp-

Xn-t\m-°q.

$ πmÃnIv

$

tZmj-^-e-ßƒ Df-hm-°p∂ At\Iw ]Zm¿Y-ßƒ Ch-

bn¬ AS-ßn-bn-´p≠v.

\nß-fpsS kvIqfnse C -̨am-en-\y-ß-fn¬ AS-ßnb tZmj-

I-c-amb ]Zm¿Y-ßƒ GsX√msa∂v Hcp t{]mPIvSv

{]h¿Ø\ØneqsS Is≠-Øq.

Hcp h¿jw sIm≠v F{X-am{Xw C˛-am-en--\y-ß-fmWv \nß-

fpsS kvIqfn¬ Ipan-™p-Iq-Sp-∂Xv!

At∏mƒ \nß-fpsS Pn√-bnepw kwÿm-\Øpw CXns‚

hym]vXn F{X-bm-bn-cn°pw?

ho´n¬ D]-tbm-K-cln-X-amb CFL -Iƒ, sa¿°pdn th∏¿

emºv XpS-ßnbh Fß-s\-bmWv \n¿am¿P\w sNøp-

∂Xv? Ae-£y-ambn hen-s®-dn-bp-I-bmtWm? AtXm

{i≤m-]q¿hw kwkvI-cn-°pI-bmtWm sNøp-∂Xv? C°m-

cy-Øn¬ Pm{K-X-th-≠-Xm-sW∂v tXm∂p∂nt√?

$ ]mgmb Ce-Iv{Sn-Iv, Ce-Ivt{Sm-WnIvkv D]-I-c-W-ßƒ

Db¿Øp∂ kmaq-lnIhpw ]mcn-ÿn-Xn-I-hp-amb

{]-iv\-ßƒ Fs¥√mw?

$ C˛-am-en-\y-ßƒ ssIImcyw sNøp-∂Xv hfsc {i≤-

tbm-sS-thWw F∂p ]d-bp-∂Xv F¥p-sIm≠v?

$ C˛am-en-\y-ßƒ Db¿Øp∂ `oj-Wn-bpsS Kuchw

{]mtZ-in-I-ambn hnh-c-ti-J-cWw \SØn Ah-X-cn-

∏n°q.

B[p-\nI kmt¶-Xn-I-hnZy kaq-l-Øn\v {]tbm-P-\-{]-Z-

am-bn-Øs∂ D]-tbm-Kn-°m≥ {]tXyIw {i≤n-°-Ww. Ah

Poh-cm-in°v tZmj-^-e-ßƒ Df-hm-°p-∂n√ F∂v Dd-∏p-

h-cp-Øp-I-bmWp ]pXnb Xe-apd kzoI-cn-t°≠ ZuXyw.

C -̨am-en-\y-ßƒ

Ce-Ivt{Sm-Wn-Iv, Ce-Iv{SnIv D]-I-c-W-ß-

fn¬ AS-ßn-bn-cn-°p∂ sa¿°p-dn,

I≠≥k-dp-I-ƒ, ]n.kn.-_n-Iƒ F∂nh

C≥kn-\-td-‰-dp-I-fn¬ IØn-°p-tºmƒ

]pd-¥-≈-s∏-Sp∂ hnj-hm-X-I-ßƒ

XpSßnbh h≥tXm-Xn¬ hmbp aen-\o-

I-cn-°p-∂p.

C˛-am-en-\y-ßƒ aÆn¬ Ie-cp-tºmƒ

A]-I-S-Im-cn-I-fmb Utbm-Ivkn-\p-Iƒ,

Bkn-Up-Iƒ, sa¿°pdn, ^pdm-\p-Iƒ

XpS-ßnb \nc-h[n cmk-h-kvXp-°ƒ

aÆnepw AXp -hgn Pe-Ønepw

hym]n®v tZmj-^-e-ap-f-hm-°p-∂p.

hnI-knXcmPy-ß-fn¬t∏mepw C -̨am-en-

\y -ß-fpsS ]p\¿Nw - {I -a -Whpw

\n¿am¿P-\hpw sXmgn-em-fn-Iƒ°pw

kaq-l-Øn\pw AXy¥w BtcmKy

{]iv\-ßƒ Df-hm-°p-∂p-≠v. hfsc

ap≥I-cp -X-ep -Iƒ FSp-Øp-thWw

CØcw A]-I-S-Im-cn-I-fmb C˛-am-en-

\y-ßƒ ssIImcyw sNøm≥.

Nn{Xw 7.22
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  {][m\ ]T-\-t\-́ -ß-fn¬ s]Sp-∂h

$ imkv{Xhpw kmt¶-Xn-I-hn-Zybpw XΩn-ep≈ _‘w Xncn-®-dn™v Ah-

X-cn-∏n-°m≥ Ign-bp-∂p.

$ \nXy-Po-hn-X-Øn¬ kmt¶-XnIhnZy-bpsS t\´-ßƒ D]-tbm-K-s∏-Sp-

Øm≥ Ign-bp-∂p.

$ Ce-Ivt{Sm-WnIv D]-I-c-W-ßsf Xncn-®-dn™v ]´n-I-s∏-Sp-Øm\pw Ch-

bn¬ D]-tbm-Kn-°p∂ LS-I-ß-ƒ Xncn-®-dn-bm\pw {]Xo-I-ßƒ ]´n-

I-s∏-SpØn Ah-X-cn-∏n-°m\pw Ign-bp-∂p.

$ UtbmUv/LED t^m¿thUv  _b-knepw dnthgvkv _b-knepw

sk¿°o-´n¬ {Iao-I-cn®v {]h¿Øn∏n-°m\pw hyXymkw hni-Zo-I-cn-

°m\pw \n¿h-N\w cq]o-I-cn-°m\pw sk¿°o v́ Nn{Xo-I-cn-°m\pw Ign-

bp-∂p.

$ UtbmUv AC sk¿°o´n¬ {Iao-I-cn®v {]h¿Øn-∏n®v lm^vthhv

dIvSn-^n-t°-j≥, ̂ pƒthhv dIvSn-^n-t°-j≥ F∂nh Fs¥∂v ]co-

£-W-Øn-eqsS Xncn-®-dn™v {Km^p]-tbm-Kn®v Nn{Xo-I-cn-°m≥ Ign-

bp-∂p.

$ Utbm-Uv, {Sm≥kn-Ã¿ F∂nh XΩn¬ LS-\-bn-ep≈ hyXymkw

Xncn-®-dn™v Ah-X-cn-∏n-°m≥ Ign-bp-∂p.

$ sF.kn. Nn∏p-I-fpsS khn-ti-j-X-Iƒ hni-Z-am-°m≥ Ign-bp-∂p.

$ B[p-\nI kmt¶-Xn-I-hn-Zy-bpsS hnhn[ taJ-e-I-fmb \mt\m

sSIvt\m-f-Pn, t^mt´m-Wn-Ivkv XpS-ßn-b-h-bpsS km[y-X-Iƒ hni-

Zo-I-cn-°m≥ Ign-bp-∂p.

$ C˛amen-\y-ßƒ Db¿Øp∂ ]mcn-ÿn-XnI {]iv\-ß-fn¬ Ah-t_m[w

cq]o-I-cn-°m\pw t_m[-h¬°-cW {]h¿Ø-\-ß-fn¬ G¿s∏-Sm\pw

Ign-bp-∂p.

hne-bn-cpØmw

1.

(a) Nn{X-Øn¬ sImSp-Øn-cn-°p-∂h GtX-Xns‚ {]Xo-I-ß-fm-sW∂v

Is≠Øn Fgp-Xp-I.

(b) Ch-bpsSsb√mw [¿aw \n¿hln-°m≥ Ign-bp∂ Ce-Ivt{Sm-WnIv

LSIw GXv?

(c) Cu LS-I-Øns‚ ta∑-Iƒ Fs¥ms°?
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2.

(i) sk¿°o-´p-Iƒ Hm¨ sNøp-tºmƒ GXn-emWv _ƒ_v {]Im-in-°p-

∂Xv?

(ii) Utbm-Uns‚ [¿a-sa¥v?

3. \mt\m sSIvt\m-f-Pn D]-tbm-K-s∏-Sp-Øm≥ Ign-bp∂ GsX-¶nepw \mev

kμ¿`-ßƒ Fgp-Xp-I.

4. C˛-am-en-\-y-ßƒ ]cn-ÿn-Xn-°p-≠m-°p∂ tZmj-ß-sf-°p-dn®v Hcp eLp-

Ip-dn∏v Xbm-dm-°p-I.

   XpS¿{]-h¿Ø\ßƒ

1. D]-tbmKiq\-y-amb Hcp tdUntbm Agn®v AXnse LS-I-ßƒ Xncn-®-

dn-bp-I.

2. 6 V DC  \¬Ip∂ Hcp ^pƒthhv dIvSn-^-b¿ \n¿an-®v {]h¿Øn-∏n-

°pI.

3. Ce-Ivt{Sm-WnIv LS-I-ßƒ tiJ-cn®v Hcp {]Z¿i\w kwL-Sn-∏n-°p-I.

4. "hm¿Øm-hn-\n-ab cwK-Øp-≠mb hf¿®' F∂ hnj-bØn¬ Hcp skan-

\m¿ t]∏¿ Ah-X-cn-∏n-°p-I.

5. hnhn-[-Xcw tdmt_m-´p-Isf°pdn®v hnh-c-ßƒ ti-J-cn®v _p≈-‰n≥

t_m¿Un¬ {]Z¿in-∏n-°p-I.



s]mXp-K-Xm-KX kwhn-[m-\-ßƒ t{]m’m-ln-∏n-t°-≠-Xns‚ Bh-iy-I-X-

sb-°p-dn-®t√ Ip´n kqNn-∏n-°p-∂Xv. \nßƒ°v F¥p-tXm-∂p-∂p.

Xmsg-sIm-Sp-Ø Nn{Xw {i≤n-°q.

]pcm-X\Im-e-Øpw B[p-\n-IImeØpw bm{Xbv°pw Nc-°p-\o-°-Øn\pw D]-

tbm-Kn® kwhn-[m-\-ßƒ I≠n-t√. Fs¥√mw am‰-ßƒ!

aq∂p

-t]¿°p-IqSn CXn¬

bm{X-sN-øm-a-t√m.....

t\m°q... shdpsX

C‘\w ]mgm-°p-I-

bt√!

Nn{Xw 8.1
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]´nI  8.1

\ap-°p-Np‰pw D≠m-bn-s°m-≠n-cn-°p∂ am‰-ßsfs¥m-s°-bmWv FgpXn-

t\m-°q.

$ Nc-°p-\o°w tamt´m¿hml-\-ßfneqsS.

$ bm{XmkuIcyw˛tamt´m¿ssk°nƒ apX¬ hnam\w hsc.

$ _lp-\ne ]m¿∏n-S-ßƒ

$ I®-hSÿm]-\-ßƒ

$ P\-kwJymh¿[-\hv

$

c≠p Ime-L-´-ß-fnsebpw hnhn[ taJeIfnep≈ am‰-ßƒ Xmc-Xayw

sNøq. Cu am‰-ßƒ Du¿P D]-t`m-K-Øn-ep-≠m-°nb h¿[\hv F{X-

tØmfambn-cn-°p-sa∂v Duln-°m-a-t√m.

\nß-fpsS Is≠-Ø-ep-I-fp-sS ASn-ÿm-\-Øn¬ B[p-\nI Ime-L-́ -Øn¬

Du¿P-Øns‚ Btfm-lcn D]-t`m-K-Øns‚ Af-hn-s\-°p-dn®p≈ \nK-a\w

F¥m-Wv?

a\p-jys‚ ]ptcm-K-Xn-°-\p-k-cn®v bm{X-bpsS thKhpw ]m¿∏nSkuI-cy-

ßfpw h¿[n-®p. AXn-\-\p-k-cn®v hyh-km-b-im-e-Ifpw A\p-_-‘-kuI-

cy-ßfpw h¿[n∏n-t°-≠-Xmbn h∂p.

Du¿P-Øns‚ Bh-iy-IX h¿[n® kml-N-cy-Øn¬ AXp ]mgm-bn-t∏m-Im-

Xn-cn-°m\pw AXp-aq-e-ap-≠m-Ip∂ {]iv\-ßƒ C√m-Xm-°m\pw {ian-t°-≠-

X-t√?

C‘-\-ßƒ (Fuels)

IØp-tºmƒ [mcmfambn Xmt]m¿Pw ]pd-Øp-hn-Sp-∂-h-bmWv C‘-\-ßƒ.

ASp-°-f-bn¬ `£Ww ]mIw-sN-øm\pƒs∏sS hnhn[ Bh-iy-ßƒ°mbn

\mw C‘-\-ßƒ D]-tbm-Kn-°p-∂p≠t√m. C‘-\-ß-fmbn D]-tbm-Kn-°m-

dp≈ hkvXp-°ƒ GsX-√m-amWv? Ahsb Jcw, {Zmh-Iw, hmXIw F∂p

Xcw-Xncn®v ]´n-I-bn¬ Fgp-Xq.

Jcw {ZmhIw hmXIw

$ hndIv $ asÆÆ $ _tbm-Kymkv

$ $ $

$ ASp-∏n¬ hndIp IØn-°p-tºmƒ DuXp∂Xv I≠n-´pt≠m? DuXp-

tºmƒ Xo Bfn-°-Øp-∂Xv F¥p-sIm-≠m-Wv?

Hcp ]co-£Ww sNbvXp-t\m-°mw. henb IS-emskSpØv Npcp-´nbpw as‰m-

∂ns\ \nh¿Ønbpw Hmtcm Cu¿°n-en¬ tIm¿Øv IØn-°q. Ch c≠pw
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C‘-\-ß-fpsS Pze\w
(Combustion)

C‘-\-ßƒ Pzen-°p-∂Xv HmIvkn-

Ps‚ klm-b-Øm-em-Wv. C‘-\-ßƒ

s]mXpsh HmIvkn-P-\p-ambn Xo£vW-

ambn {]Xn-{]h¿Øn®v Xm]hpw {]Im-

ihpw AtXm -sSm∏w Im¿_¨

ssUHmIvsskUpw \ocm-hnbpw D≠m-

Ip-∂-XmWv ]q¿W-Pz-e-\w. Bh-iy-

amb Af-hn¬ HmIvkn-P≥ e`n-°p-∂n-

s√-¶n¬ Pze-\-Øns‚ tXmXv Ipd-bpw.

HmIvkn-Ps‚ Af-hv -Ip-d-hm-bm¬ IqSp-

X¬ Im¿_¨ tamtWm-IvsskUpw

Icnbpw Ipd™ Af-hn¬ Im¿_¨

ssUHmIvsskUpw D≠m-Ipw. CØcw

Pze-\-amWv `mKnI Pze-\w. A¥-co-

£-Øn¬ Ie-cp∂ Im¿_¨

tamtWm-IvsskUv D≠m-°p∂ {]iv\-

ß-sf-°p-dn®v t\ctØ a\- n-em-°n-

bn-́ p-≠-t√m. hml-\-ß-fn¬\n∂p ]pd-

Øp-hcp∂ ]pI-bn¬ AS-ßn-bn-´p≈

LS-I -ßƒ A\p -h -Zn -°-s∏´

Af-hnepw IqSp-X¬ Dt≠m F∂v

Adn-bm-\m-Wv ]pI-]-cn-tim-[\ \S-Øp-

∂-Xv.

]´nI  8.2

IØp-∂-Xn¬ F¥p hyXym-k-amWv \nco-£n-°p-∂Xv? ]´n-I-bn¬ FgpXq.

Npcp-´nb IS-emkv \nh¿∂ IS-emkv

$ IqSp-X¬ Icn-bp-≠m-Ip-∂p.

$ Pze-\-ßƒ XΩn¬ hyXym-k-ap-≠m-Im-\p≈ Imc-W-ßƒ Fs¥-√m-am-bn-

cn°pw? ASp-∏n¬ DuXp∂ A\p-`-h-hpambn _‘-s∏-SpØn FgpXq.

$ hnhn[ C‘-\-ß-fpsS ]q¿W-Pz-e-\-Øn-\p≈ kml-N-cy--sa-s¥-√m-amWv?

$ Jc C‘-\-ßƒ DW-ßn-b-Xm-bn-cn-°Ww.

$ s]s´∂v _mjv]o-I-cn-°p-∂Xmh-Ww.

$ Pzen-°m-\m-h-iy-amb Xm]-\n-e-bn-se-Øn-t®-cWw.

$ `mKn-I-Pz-e-\-Øn-\p≈ Imc-W-ßƒ Gh?

$ `mKnIPze\w sIm≠p≈ tZmj-ßƒ Fs¥-√m-

amWv? ]´nI hn]peo-I-cn-°q.

$ C‘-\-\jvSw

$ ka-b-\jvSw

$

$ C‘-\-ßƒ Pzen-°p-tºmƒ Fs¥-√mw D¬∏-∂-ß-

fmWv D≠m-Ip-∂Xv F∂p a\- n-em-°n-bn-´p≠t√m.

Fgp-Xn-t\m-°q.

-$ Im¿_¨ ssUHmIvsskUv

$

$ hoSp-I-fn¬ ]pI-i-ey-an-√mØ ASp-∏p-Iƒ D]-tbm-Kn-

®mep≈ ta∑Iƒ Fs¥-√m-amWv?

$ ]pI-]cntim-[\ tI{μ-ßƒ I≠n-´n-t√. hml-\-

ßfn¬ F¥n-\mWv  ]pI-]-cn-tim-[\ \S-Øp-∂Xv?

ASp-Øp≈ GsX-¶nepw Hcp hml\- ]pI]cn-tim-[-\-

tI{μw kμ¿in®v Ahn-SsØ Poh-\-°m-cp-ambn A`n-apJw

\SØn ]pI-]-cn-tim-[-\-sb-°p-dn®v Ipdn∏v Xbm-dm-°q.

e£-°-W-°n\p hml-\-ßƒ Hmtcm sk°‚nepw

A¥-co-£-Øn-te°p X≈n-hnSp∂ ]pI D≠m-°m-hp∂
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`hn-jy-Øp-Iƒ F{X `bm-\-I-am-Wv! ]pI-]-cntim-

[\ \nbawaqew \n¿_‘am-°n-bn-cn-°p-∂-Xns‚

Bh-iy-I-X -t_m-[y-am-bt√m.

C‘-\-ßƒ `mKn-I-ambn Pzen-°p-tºm-gm-Wt√m

A¥-co-£-a-en-\o-I-cWw D≠m-Ip-∂Xv.

\nß-fpsS \m´n¬ hoSp-I-fn¬\n-∂pw hml-\-ß-fn¬

\n∂p-a-√msX Pze\w hgn A¥-co£ aen-\o-I-cWw

D≠m-Ip∂ kμ¿`-ßƒ Is≠Øn FgpXq.

t^mkn¬ C‘-\-ßƒ (Fossil Fuels)
Du¿P-kw-c-£-W-hp-ambn _‘-s∏´ Nn{XcN-\m-a-’-c-Øn¬ Hcp Ip´n- h-

c® Nn{Xw {i≤n-°q. Nn{X-w 8.3 ¬ ImWp∂ CØcw Hchÿsb∏‰n

¢mkn¬ s]mXpN¿® kwL-Sn-∏n-°q. \nß-fpsS {]Xn-I-c-W-ßƒ Fs¥-

√m-amWv?

$ Cu Hc-h-ÿ-bnte°v FØnt®-cm-\p≈  ImcW-ßƒ

Fs¥-√m-amhmw?

$ C∂v \mw hml-\-ß-fn¬ D]-tbm-Kn-®p-sIm≠n-cn-°p∂

C‘-\-ßƒ GsX-√m-amWv?

hoSp-I-fn-epw hml-\-ß-fnepw A√msX as‰-hn-sS-sb-√m-amWv

C‘-\-ßƒ Bh-iy-am-bn-h-cp-∂-Xv? Hmtcm-∂n\pw D]-tbm-

Kn-°p∂ C‘-\-ßƒ GsX-√m-amWv? FgpXnt\m°q.

$ \nßƒ ]´n-I-bm-°nb Hmtcm C‘-\-Øns‚bpw t{kmX-

 p-Iƒ GsX∂v tcJ-s∏-Sp-Øq.

$ Uok¬, F¬.-]n.-Pn → s]t{Sm-fnbw

$

Nn{Xw 8.2

Nn{Xw 8.3

t^mkn¬ C‘\ßƒ

e£-°-W-°n\p h¿j-ßƒ°p

apºv aÆn-\Sn-bn¬s∏´p-t]mb

kky-ßfpw Pohn-Ifpw hmbp-

hns‚ Akm-∂n -[y -Ønepw

D∂X Xm]-\n -e-bnepw a¿Z-

Ønepw cq]m-¥cw {]m]n-®p-≠m-

b-XmWv t^mkn-¬ C‘-\-ßƒ.

I¬°-cn, s]t{Sm-fn-bw, {]Ir-Xn-

hm-X-I-ßƒ F∂nh t^mkn-¬

C‘-\-ß-fm-Wv. Ch D]-tbm-

Kn®pXocp-∂-Xn-\\p-k-cn®v ]p\-

cp¬∏m-Zn-∏n-°-s∏-Sp-∂n-√. AXn-

\m¬ Chsb ]p\-ÿm-]n-°m≥

Ign-bmØ Du¿P-t{km-X- p-Iƒ

F∂pw ]d-bm-dp-≠v.



Du¿PX{¥w $  Ãmt‚¿Uv - X

143

$ s]t{Sm-fnbw e`n-°p-∂Xv Fhn-sS-\n-∂mWv?

s]t{Sm-fn-bsØ AwinItkzZ\w sNøp-tºmƒ e`n-°p∂ D¬∏∂-ß-sf-°p-

dn®v \nßƒ t\ctØ a\- n-em-°n-bn-´p-≠-t√m. t^mkn¬ C‘-\-ß-fpsS

J\-\hpw D]-tbm-Khpw \nb-{¥n-t°-≠-Xm-sW∂v ]d-bp-∂Xv F¥p-sIm≠v?

 kn.F≥.Pn. (CNG), F¬.F≥.Pn. (LNG), F¬.-]n.P.n (LPG)

s]t{Sm-fn-b-tØm-sSm∏w e`n-°p∂ {]Ir-Xn-hmX-IØn¬ \n∂mWv

Iw{]kvUv \mNz-d¬ Kymkpw (kn.F≥.Pn) enIzn-ss^Uv \mNz-d¬ Kymkv

F∂-dn-b-s∏-Sp∂ F¬.F≥.Pn.-bpw \n¿an-°p-∂Xv. Ch-bnse {][m-\-

L-SIw aosXbv≥ BWv. Ch hml-\-ß-fnepw hyh-km-b-imeI-fnepw

sX¿a¬ ]h¿tÃj-\p-I-fnepw C‘-\-ambn D]-tbm-Kn-°p∂p. {]Ir-Xn-

hm-X-IsØ {Zho-I-cn®v kuI-cy-{]-Z-ambn Zqc-ÿ-e-ß-fn-te°v sIm≠p-

t]mImw F∂-XmWv F¬-.F≥.Pn.-bpsS {]m[m-\yw. A¥-co£ Xm]-\n-

e-bn¬ ho≠pw hmX-I-am°n ss]∏vsse-\p-I-fn-eqsS hnX-cWw sNøm\pw

Ign-bpw.

enIzn-ss^Uv s]t{Sm-fnbw Kymkv F∂mWv F¬.-]n.-Pn-bpsS ]q¿W-cq-

]w. s]t{Sm-fn-bsØ AwinItkzZ\w sNøp-tºmƒ In´p∂ \ndtam

aWtam C√mØ Hcp hmX-I-am-Wn-Xv. Km¿lnI F¬-.]n.Pn-bn¬ hmX-I-

t®m¿® Xncn-®-dn-bm-\mbn CusXbv¬ sa¿Iym-]v‰≥ Ie¿Øp-∂-Xp-sIm-

≠mWv AXn\v aW-ap-≠m-Ip-∂Xv. F¬.-]n.-Pn-bnse apJy-L-SIw

_yqs´bv≥ BWv.

$ h≥\-K-c-ß-fn¬ ]e- hm-l-\-ß-fnepw kn.F≥.Pn. BWv C‘-\-ambn

D]-tbm-Kn-°p-∂-Xv. s]t{Smƒ, Uok¬ XpS-ßn-bh C‘-\-ß-fmbn D]-

tbm-Kn-°p-∂-Xns\ At]-£n®v kn.F≥.Pn, F¬.-F≥.Pn. F∂nh D]-

tbm-Kn-°p-∂-Xp-sIm-≠p≈ ta∑-Iƒ Fs¥-√m-amWv?

$ A¥-co£aen-\o-I-cWw Ipdhv.

$ Du¿P-£-aX IqSp-X-¬.

$ sNehv Ipdhv.

$

$ Km¿ln-Im-h-iy-ßƒ°v knen-≠-dp-I-fn¬ e`n-°p∂ ]mN-I-hm-XIw

GXmWv?

$ F¬.-]n.-Pn-bpsS tNm¿® Adn-bm≥ klm-bn-°p∂ LSIw GXmWv?

$ F¬.-]n.-Pn-bpsS tNm¿® Adn-bm≥ Ign-bp-∂-Xp-sIm-≠p≈ ta∑ F¥v?

$ C‘-\-ßƒ F∂ \ne-bn¬ kn.F≥.-Pn, F¬.-F≥.-Pn, F¬.-]n.-Pn. F∂nh-

sb-°p-dn®v IqSp-X¬ hnh-c-ßƒ Is≠Øn FgpXq.
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]pdØpt]mb B
s]t{SmƒsIm≠v Rm≥
200 ao‰¿ IqSp-X¬ HmSp-

am-bn-cp-∂p.

Znh-khpw
temUv IW-°n\v

s]t{Smƒ hcp-I-bt√ kmtd,
F¥n\m hnj-an-°pt∂?

CNG LNG LPG

aosXbv≥ aosXbv≥ _yqs´bv≥

I¬°cn (Coal)

`qan-bn¬ e`n-°p∂ t^mkn-¬ C‘-\-ß-fn¬ G‰hpw IqSp-Xep≈Xv

I¬°-cn-bmWv. I¬°-cn-bnse {][m-\ -L-SIw Im¿_WmWv. AS-

ßn-bn´p≈ Im¿_-Wns‚ ASn-ÿm-\-Øn¬ CXn-s\ ]o‰v, enKvss\‰v,

_n‰p-an-\kv tImƒ, B{¥-ssk‰v F∂nßs\ \membn -Xn-cn-®n-´p-

≠v. I¬°-cnsb hmbphns‚ Akm-∂n-[y-Øn¬ tkzZ\w sNbvXm¬

Atam-Wnb, tImƒKym-kv, tImƒ´m¿,- tIm°v F∂nh e`n-°pw.

$ I¬°-cnsb t^mkn¬ C‘-\-sa∂v hnfn-°m≥ Imc-W-sa-¥mWv?

$ I¬°-cnsb tkzZ\w sNøp-tºmƒ hmX-I-cq-]-Øn¬ e`n-°p∂

]Zm¿Y-ßƒ Gh?

t^mkn-¬ C-‘-\-ß-sf-°p-dn®v \nßƒ t\Snb Adn-hp-I-fpsS ASn-

ÿm-\-Øn¬ Nn{Xw 8.4 se kw`m-j-W-tØmSp≈ \nß-fpsS {]Xn-

I-cWw FgpXq.

-

Nn{Xw 8.4

]´nI  8.3
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t^mkn¬ C‘-\-ßƒ `mhnXe-ap-d-bv°p-IqSn Icp-Xnhbv°Wsa∂v

\nßƒ°pw tXm∂p-∂nt√? t^mkn-¬ C‘-\-ßƒ Aaq-ey-am-sW∂pw AXv

bp‡n-]q¿hw D]-tbm-Kn-°-W-sa∂pw ImWn®p-sIm≠v GXm\pw t]mÃ-dp-

Iƒ Xbm-dm°n kvIqƒ]cn-k-cØp ÿm]n-°q.

hnhn-[-Xcw C‘-\-ßsf°p-dn®v \nßƒ a\- n-em-°n-b-t√m. Ch-sb√mw

Pzen--°p-tºmƒ e`n-°p∂ Xm]-Øns‚ Afhv Hcp-t]m-se-bmtWm? \ap°v

t\m°mw.

C‘-\-£-aX (Fuel efficiency)
\nß-fpsS hoSp-I-fn¬ D]-tbm-Kn-°p∂ C‘-\-ßƒ GsX√mam-Wv? Ipdn°q.

Ch Hmtcm∂pw IØn-°p-tºmƒ ]pd-Øp-hn-Sp∂ Xm]w Htc Afhn-emtWm?

]cn-tim-[n-°mw.

$ \nß-fn¬ Nne-cp-sS-sb-¶nepw ho´n¬ F¬.-]n.Pn. D]-tbmKn°m-dp-≠t√m.

knen-≠-dp-I-fn¬ \nd®v hoSp-I-fn¬ e`n-°p∂ F¬-.]n.Pn. F{X

Intem{Kmw BWv?

$ C{Xbpw LPG D]-tbm-Kn-®m¬ GI-tZiw F{X Znh-k-tØ°v ]mNIw

km[y-amIpw?

$ A{Xbpw Intem{Kmw hndIp IØn-®m¬ GI-tZiw F{X Znh-k-

tØ°p≈ ]mNIw km[y-amIpw?

$ Cu c≠v C‘-\-ß-fp-sSbpw £a-X-bn¬ F¥p- hy-Xym-k-amWv ImWp-

∂Xv?

C{Xbpw hndIv

Hcp amksØ

]mN-I-Øn\v XnI-

bn-√ -Ip-´o.....

C{Xb[nIw

hndtIm?

Nn{Xw 8.5
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ssl{U-P≥ ̂ yqh¬ sk¬

ssl{U-P≥ ^yqh¬ sk√n¬ Hcp

tNw-_dn¬ ssl{U-P\pw as‰m-∂n¬

HmIvkn-P\pw \nd-®n-cn-°pw. a[y-`m-K-

Øp≈ tNw-_-dn¬ Ce-Ivt{Smsse‰v

BWv kw`-cn-®n-cn-°p∂-Xv. πm‰n\w

]uU¿ F∂ D¬t{]-c-Iw ssl{U-

Ps\ Atbm-Wp-I-fm°n am‰p-∂p.

Atbm-Wp-Iƒ°p am{Xta Ce--

Ivt{Smsse‰n-te°v {]th-in-°m-\m-

hq. AXn-\m¬ Ce-Ivt{Sm-Wp-Iƒ

Nme-I-Øn-eqsS _mlysk¿°o-´n-

te°pw AhnsS \n∂v HmIvknP≥

tNw-_-dn-te°pw FØn-t®-cp-∂p.

HmIvkn-P≥ tNw-_-dnse B‰-ßƒ

Cu Ce-Ivt{Sm-Wp-Iƒ kzoI-cn®v

"\mt\m' \mcp-I-fpsS cq]-Øn-ep≈

\n°¬ D¬t{]-c-I-Øns‚ km∂n-[y-

Øn¬ Atbm-Wp-I-fmbn amdp-∂p.

ssl{U-P≥ Atbm-Wp-Ifpw HmIvkn-

P≥ Atbm-Wp-Ifpw Ce-Ivt{Sm-sse-

‰n¬ h®v kwtbmPn®v Pe-ambn amdp-

∂p. CtXm -sSm∏w \S -°p∂

CeIvt{Sm¨ {]hm-l-amWv ssl{U-

P≥ ^yqh¬ sk√n¬ \n∂p≈

sshZyp-X-{]-hmlw. 0.6V apX¬

0.7V hsc-bmWv CØcw sk√p-I-

fpsS s]m´≥-jy¬ hyXym-kw. C∂v

^yqh¬ sk√p-Iƒ D]-tbm-Kn®p

{]h¿Øn-°p∂ Imdp-Iƒ, k_v

assd-\p-Iƒ XpSßn hnhn[ hml-\-

ß-ƒ Hcp-ßn-°-gn-™p.

Item-dn-Iaqeyw (Calorific value)
Hcp Intem{Kmw C‘\w ]q¿W-ambn IØp-tºmƒ ]pd-

Øp-hn-Sp∂ Xmt]m¿P-Øns‚ Af-hmWv B C‘-\-

Øns‚ Item-dn-Iaqeyw. CXns‚ bqWn‰v Intem Pqƒ/

Intem{Kmw BWv.

Nne C‘-\-ßfpw Ah-bpsS Item-dn-Iaqeyhpw

ssl{U-P≥ ˛ 150000 kJ/kg
CNG - 50000 kJ/kg
NmW-I-hcfn ˛ 6000 - 8000 kJ/kg
LPG - 55000 kJ/kg
_tbm-Kymkv - 30000 - 40000 kJ/kg
I¬°cn ˛ 25000 - 33000 kJ/kg
s]t{Smƒ ˛ 45000 kJ/kg
aosXbv≥ ˛ 50000 kJ/kg

$ Item-dnI-aq-ey-Øns‚ ASn-ÿm-\-Øn¬ G‰hpw

anI® C‘-\-ambn IW-°m-°m-hp-∂Xv GXmWv?

ssl{U-P\pw ssl{U-P≥ ^yqh¬ sk√pw

Db¿∂ Item-dn-Iaqey-ap≈ C‘-\-amWv ssl{U-P≥.

CXv Ffp∏w Xo ]nSn-°p-∂Xpw kvt^mSIkz`m-h-ap-≈-

Xp-amWv. AXn-\m¬ Hcp ÿe-Øp-\n∂p as‰m-cp- ÿe-

tØ°p sIm≠p-t]m-Imt\m kw -̀cn-°mt\m _p≤n-ap´m-

Wv. ssl{U-P\pw HmIvkn-P\pw kwtbm-Pn-∏n®v sshZyp-

Xn \n¿an-°p-∂-Xn\v ssl{U-P≥ ^yqh¬ sk¬ D]-

tbm-Kn-°p-∂p. CØcw sk√p-Isf Hcp km[m-c-W-sk-

√n-t\mSv Xmc-Xayw sNbvXn-cn-°p-∂p.

$ ssl{U-P≥ C‘-\-ambn D]-tbm-Kn-°p-∂ kμ¿ -̀ß-

tfsX√mw?

$ Km¿lnI C‘-\-ambn ssl{U-P≥ D]-tbm-Kn-°m-

ØXv F¥p-sIm-≠mWv?

hnhn-[-Xcw C‘-\-ß-sf-°p-dn®pw Ah-bpsS Item-dn-I-

aq-ey-sØ-°p-dn®pw a\- n-em-°n-b-t√m. Hcp \√ C‘-

\Øn\v D≠m-bn-cn-t°≠ KpW-ßƒ Fs¥√mamWv?

]´nI hn]p-eo-I-cn-°q.

$ IqSnb e`yX

$ sNehp Ipd-hm-bn-cn-°Ww.

Bt\mUv ImtYmUv

HmIvkn
P≥

ssl{U-
P≥ Ce-

Ivt{Smsse‰v
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$ Pzen-°p-tºm-gp-≠m-Ip∂ A¥-co£aen-\o-I-cWw Ipd-hm-bn-cn-°Ww.

$ {Zmh-Im-h-ÿ-bn-ep≈h km[m-cW Xm]-\n-e-bn¬ Ffp∏w _mjv]o-

I-cn-°-cp-Xv.

$

_tbm-amkv (Biomass)
hnd-Iv, NmW-I-h-cfn XpS-ßn-bh ]pcm-X-\-Imew apX¬ C‘-\-ambn \mw D]-

tbm-Kn-°p-∂p-≠-t√m. CØcw C‘-\-ßƒ kky-ß-fn¬ \n∂pw P¥p-°-fn¬

\n∂pw e`n-°p-∂-h-bm-b-Xn-\m¬ Ch ssPhm-h-in-jvS-ßƒ AYhm _tbmamkv

F∂-dn-b-s∏-Sp-∂p. hnhn[ Bh-iy-ßƒ°mbn ]e-Xcw ssPhm-h-in-jvS-ßƒ

C‘-\-ß-fmbn D]-tbm-Kn-°p-∂p≠t√m. Ch-bpsS Pze-\w aqew D≠m-Ip∂

{]iv\-ßƒ Fs¥-√m-amWv? FgpXnt\m°q.

$ ]pI D≠m-Ip-∂p.

$

P¥p-°-fp-sSbpw kky-ß-fp-sSbpw ico-c-`m-K-ßfpw Ah-in-jvS-ß-fp-amWv

_tbm-am-kp-Iƒ F∂-dn-b-s∏-Sp-∂-Xv.

s]mXp-ÿ-e-ß-fn¬ Jc-am-en-\y-ßƒ- Iq-´n-bn-´n-cn-°p-∂-Xp- I-≠n-´p≠mhpat√m.

AXns‚ ]cn-k-c-Øp-IqSn IS-∂p-t]m-Ip-tºmƒ cq£-K‘w A\p-`-h-s∏-Sm-

dp≠t√m. cq£-K-‘-Øn\p Imc-W-amb GsXms° hmX-IßfmWv ChnsS

D≠mIp-∂Xv?

ssl{U-P≥ kƒss^-Uv, aosXbv≥ XpS-ßnb hmX-I-ßƒ A¥-co-£-Øn¬

Ie-cp-tºmƒ D≠m-Ip∂ {]iv\-ßƒ Fs¥-√m-am-bn-cn°pw? N¿®-sNbvXp tcJ-

s∏-Sp-Øq.

A¥-co£aen-\o-I-cWw IqSmsX at‰-sX√mw {]iv\-ß-fmWv amen-\y-ßƒ Iq´n-

bn-´n-cn-°p-∂Xp-aq-e-ap-≠m-Ip-∂Xv?

_-tbm-Kymkv (Biogas)

Km¿lnI-am-en-\y-ßsf _tbm-Kymkv πm‚n¬ \nt£-]n-®m¬

HmIvkn-Ps‚ A`m-h-Øn¬ _mIvSo-cn-b-I-fpsS {]h¿Ø-\-^-e-

ambn _tbm-Kymkv D≠m-Ip-∂p. CXnse {][m-\-L-SIw

aosXbv≥ BWv. πm‚n¬\n∂v ]pd-¥≈p∂ s…dn \√- h-f-am-

Wv. _tbm-am-kns\ _tbm-Kymkm°n -am‰p-tºmƒ IqSp-X¬

ItemdnIaqey-ap-≈ C‘\w e`n-°p∂p F∂p am{X-a√, A¥-

co-£-a-en-\o-I-c-Ww Ipd-bp-Ibpw sNøpw.

kmaq-lnI _-tbm-Kymkv πm‚p-Iƒ D≠m-tI-≠-Xns‚ Bhiyw N¿®-sNbvXp

Ipdn-∏p -X-bm-dm°q.

\ap-°p-Np-‰pw, hgn-tbm-c-ß-fn¬ Ae-£y-ambn hen-s®-dn-b-s∏-Sp∂ amen-\y-ßƒ

]cn-k-c-{]-tZ-i-ß-fn-te°v kmw{I-anItcmK-ßƒ £Wn-®p-h-cp-Øp-I-bmWv F∂v

Nn{Xw 8.6
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Bcpw Hm¿°m-dn -√. hy‡n-ip-Nn-Xz-Øn¬ \Ωƒ ap≥\n-c-°m-cm-sW-¶nepw

kmaqlnIipNn-Xz-Øn¬ hfsc ]n∂n-emWv. Km¿lnIamen-\y-ßƒ ^e-{]-Z-ambn

D]-tbm-Kn-®m¬ D≠m-Ip∂ KpW-ßsf Ipdn®v ]n.Sn.-F-bn¬ Hcp {]_‘w Ah-Xcn-

∏n-°q.

Znh-tk\ \mw F{X-sb-{X -{]-hrØn-I-fmWv sNøp-∂Xv! CXn-s\√mw Bh-iy-amb

Du¿Pw ico-c-Øn\v e`n-°p∂Xv Fhn-sS-\n-∂m-Wv?

kky-ß-fn¬ \n∂mWt√m `£Ww e`n-°p-∂-Xv.

$ kky-ßƒ°v `£Ww \n¿an-°m-\p≈ Du¿Pw e`n-°p-∂Xv Fhn-sS-\n-∂mWv?

-

$ kqcy-\n¬\n∂p e`n-°p∂ Du¿P-cq-]-ßƒ GsX-√m-amWv?

kutcm¿PsØ ]c-am-h[n {]tbm-P-\-s∏-Sp-Øm-\p≈ {ia-ßƒ ASp-Ø-Im-e-Ømbn

]ptcm-K-an-®p-h-cpI-bm-Wv. Ct∏mƒ GsX√mw D]-I-c-W-ßfneq-sS-bmWv \mw Ahsb

{]tbm-P-\-s∏-Sp-Øm≥ XpS-ßn-bn-cn-°p-∂Xv? N¿®-sNbvXv enÃv hn]p-eo-I-cn-°p-I.

kqcy≥ Du¿P-Øns‚
A£-b-J\n!

`qan-bn-se-Øn-t®-cp-∂ kutcm¿P-

Øns‚ 30 iX-am -\ -tØmfw

Xncn®p {]Xn-]Xn-°p-∂p. _m°n-

bp-≈Xv taL-ßƒ, kap-{Z-ßƒ,

`qan F∂n-h-bm¬ BKn-cWw

sNø-s∏-Sp∂p. Cßs\ Hcp aWn-

°q-dn¬ BKn-cWw sNø-s∏-Sp∂

kutcm¿Pw temI-Ønse apgp-

h≥ Bfp-Iƒ°pw Hcp h¿jsØ

D]-tbm-K-Øn\v Bh-iy-am-b-Xnepw

F{Xtbm IqSp-X-em-bn-cn-°pw.

s\Spºmt»cn hnam-\-Øm-h-f-Øn¬ ÿm]n-

®n-cn-°p∂ tkmfm¿ ]m\-ep-Iƒ

$ tkmfm¿ ]m\¬

$ tkmfm¿ hm´¿lo‰¿

$

kutcm¿P-Øn¬\n∂p sshZyp-tXm¿Pw

kutcm¿P-Ønse {]Im-tim¿Pw sshZyp-tXm¿P-ambn am‰p∂

D]m-b-amWv tkmfm¿ sk¬. CXv Hcp P-N k‘n Utbm-

Um-Wv. knen°¨ sIm≠v \n¿an® CXns‚ N ̀ mKØv kqcy-

{]-Imiw ]Xn-°p-tºmƒ P ̀ mK-tØ-°p-≠m-Ip∂ t\cnb Ce-

Ivt{Sm¨ {]hm-l-amWv sshZyp-X-{]-hm-l-Øn\v ImcWw. Cu

{]Xn-̀ m-k-am-Wv t^mt´m thmƒ´mbnIv {]`m-hw. Cßs\ e`n-

°p∂ sshZyp-Xn-bmWv _m‰-dn-Ifn¬ kw`-cn®v Bh-iyamb

kμ¿`-ß-fn¬ D]-tbm-K-s∏-Sp-Øp-∂-Xv.

tkmfm¿ ]m\¬ (Solar panel)
Hcp tkmfm¿ sk√n¬\n∂p Xp—-amb thmƒt´Ppw

Id‚pw am{Xta e`n-°p-I-bp≈q. At\Iw tkmfm¿ sk√p-

Iƒ tbmPn-∏n-®mWv tkmfm¿ ]m\¬ \n¿an-®n-cn-°p-∂Xv.

At\Iw sk√p-Ifn¬ \n∂p e`n-°p∂ sshZypXn

tÃmtdPv _m‰-dn-I-fn¬ kw`-cn®v Bh-iym-\p-k-cWw

{]tbm-P-\-s∏-Sp-Ømw. sXcphv hnf-°p-Iƒ {]h¿Øn-∏n-

°m≥ tkmfm¿ ]m\epIƒ hym]-I-ambn D]-tbm-Kn-°p-

∂p-≠v. Ir{Xna D]-{K-lß-fpsS Du¿Pm-h-iy-ßƒ°v

tkmfm¿ ]m\-ep-I-fmWv {]tbm-P-\-s∏-Sp-Øp∂Xv.

Ct∏mƒ Bbn-c-°-W-°n\v Intem-hm´v sshZypXn D¬∏m-

Zn -∏n-°p∂ tkmfm¿ t^mt´m thmƒ´mbnIv (SPV)

]h¿πm‚p-Iƒ {]h¿Ø-\-Øn-ep-≠v.Nn{Xw 8.7
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sNdnbSm¶v

Idp-Ø-

s]´n

tIm∏¿
ss]∏v

kqcy
Xm]w

•mkv
AS∏v

Sm∏n-¬ \n∂v
NqSpsh≈w

Pe-kw-̀ -cWn

tkmfm¿ hm´¿lo-‰-dns‚ {]h¿Ø\ Nn{Xo-I-cWw

$ tkmfm¿ ]m\-en¬ \S-°p∂ Du¿P-]-cnh¿Ø\w

GXmWv?

$ tkmfm¿ ]m\¬ {]tbm-P-\-s∏-Sp-Øm≥ ]‰mØ

kml-N-cy-ßƒ GsX√m-amWv?

$ tkmfm¿ ]m\-ep-Isf am{Xw B{i-bn-°p∂ kml-

N-cy-ßƒ GsXms°?

]I¬ ka-bØv tkmfm¿ ]m\¬ D¬∏m-Zn-∏n-°p∂

A[nI sshZypXn ]h¿{Kn-Un-te°v \¬In-bm¬ Du¿P

{]Xn-k-‘n°v Hcp ]cn-[n -hsc ]cn-lm-c-am-hnt√?

s\Spºmt»cn hnam-\-Øm-h-f-Øn¬ (sIm®n≥ C‚¿\mj-

W¬ Fb¿t]m¿´v) Cu coXn-bmWv Ah-ew-_n-®n-cn-°p-

∂-Xv.

kutcm¿P-Øn¬\n∂p Xmt]m¿Pw

kutcm¿P-Ønse Xm]-hn-In-c-W-ßsf t\cn´v {]tbm-P-

\-s∏-Sp-Øp∂ D]-I-c-W-ß-fmWv tkmfm¿ hm´¿ lo‰¿,

tkmfm¿ Ip°¿ XpS-ßn-bh. Bip-]-{Xn-I-fnepw tlm´-

ep-I-fnepw hoSp-I-fnepw ̀ £Ww ]mIw sNøm\pw ]m{X-

ßƒ Igp-Im\pw a‰pw Bh-iy-amb NqSp-sh≈w tkmfm¿

hm´¿ lo‰-dn¬ D¬∏m-Zn-∏n-°mw. AXp-hgn h≥tXm-Xn¬

Du¿Pw em`n-°mw.

tkmfm¿ lo‰-dns‚ LS\m Nn{Xw {i≤n-°q.

A\¿´v (ANERT)
]p\-ÿm]n-°m≥ Ign-bp∂ Du¿P-

t{km-X- p-I-sf°pdn®pw Ah {]tbm-

P-\-s∏-SpØn {]h¿Øn-°p∂ hnhn[

D]-I-c-W-ß-sf-°p-dn®pw s]mXp-P-\-

ßƒ°v Ah-t_m[w \¬Ip∂

t\mU¬ GP≥kn-bmWv A\¿´v

(Agency for Non conventional Energies
and Rural Technology). H‰-s∏´ {]tZ-i-

ßƒ sshZyp -Xo -I -cn -°p∂Xpw

kutcm¿-Pw, Im‰ns‚ Du¿Pw F∂nh

D]-tbm-Kn-®p≈ sXcphphnf-°p-Iƒ

ÿm]n-°p-∂Xpw ae-tbmc taJ-e-I-

fn¬ h\y-ar-K-ß-fn¬ \n∂p≈ kwc-

£-W-Øn -\mbn kuc-th -en -Iƒ

ÿm]n-°p∂-Xp-sams° "A\¿´m'Wv.

CXp-hgn Du¿P-{]-Xn-k-‘n°v Hcp]cn-

[n-hsc ]cn-lmcw ImWm\pw lcnX

Du¿Pw F∂ Bibw s]mXp-P-\-ß-

fn¬ FØn-°m\pw Ign-™n-́ p-≠v. hoSp-

I-fpsS ta¬°qcbn¬ tkmfm¿ ]m\-

ep-Iƒ ÿm]n®v {]Xn-Zn\w 3 apX¬

4 bqWn‰v hsc sshZypXn D¬∏m-Zn-

∏n-°m-\p≈ ]≤Xn 10,000 hoSp-I-fn¬

\S-∏n-em-°p-tºmƒ ]Øv saKm-hm´v

tijn-bp≈ Hcp sshZypX\ne-b-

Øn¬\n∂pw In´p-∂-Xn\p Xpey-amb

sshZypXn D¬∏m-Zn-∏n-°m≥ Ign-bpw.

tkmfm¿ Ip°¿tkmfm¿ hm´¿ lo‰¿

Nn{Xw 8.8
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$ Xm]-\ne h¿[n-°p-tºmƒ Pe-Øns‚ km{μ-Xbv°v F¥p- hy-Xymkw

D≠mIpw?

$ km{μ-X-bn¬ D≠m-Ip∂ hyXymkw ss]∏n-\p-≈n-eqsS Pe-{]-hmlw km[y-

am-°p-∂-sX-ß-s\-bmWv? N¿®-sNbvXv Fgp-Xq.

$ sNdnb Sm¶ns‚ apIƒ`m-KØp≈ Sm∏neqsS NqSpsh≈w ]pd-tØs°Øm-

\p≈ Imc-W-sa¥v?

tkmfm¿ hm´¿ lo‰-dns‚ {]h¿Ø\w kb≥kv Ub-dn-bn¬ Ipdn-°q.

tkmfm¿ sX¿a¬ ]h¿πm‚ v

(Solar thermal power plant)
ChnsS kutcm¿Pw D]-tbm-Kn®p sshZypXn D¬∏m-Zn-∏n-

°p∂p. tIm¨tIhv dn^vf-IvS-dp-Iƒ D]-tbm-Kn®v kqcy-c-

ivan-Isf IdpØ s]bn‚-Sn-®Xpw Pew \nd-®-Xp-amb

ss]∏p-I-fn¬ t^m°kv sNøp∂p. X¬^e-ambn Pew

Xnf®p \ocm-hn-bmIp∂p. Cu \ocmhn D]-tbm-Kn®v Ãow

S¿ss_≥ Xncn®v P\-td-‰¿ {]h¿Øn∏n-°p-∂p. lcn-bm-

\-bnse Kq¿Km-thm¨ (Gurgaon) F∂ ÿeØv CØ-

c-Øn¬ Hcp ]h¿πm‚ v ]co-£Wm¿Yw {]h¿Øn-

°p∂p≠v. CXns‚ tijn 500 Intem-hm-´m-Wv.

$ tkmfm¿ sX¿a¬ ]h¿πm‚p-I-fn¬ \S-°p∂

Du¿P]cn-h¿Ø-\-sa¥v?

kutcm¿Pw t\cn´v {]tbm-P-\-s∏-Sp-Øp∂ GXm\pw D]-

I-c-W-ßƒ ]cn-N-b-s∏´pIgn-™p. Im‰v, Xnc-ame XpSßn

`qan-bnse an° {]Xn-`m-k-ßƒ°pw kqcy\m-Wt√m

\nZm\w. AXp-sIm≠v Ch-bn¬\n∂p e`n-°p∂ Du¿P-

Øn-s‚bpw Dd-hnSw kqcy-\m-sW∂p IW-°m-°mw.

ap≥Ime-ß-fn¬ ]mbv°-∏-ep-Iƒ KXm-KX-Øn-\v Im‰ns\

B{i-bn-®n-cp-∂p. F∂m¬ C∂v sshZyp-tXm¬∏m-Z-\-Øn-

\v Im‰v {]tbm-P-\-s∏-Sp-Øm≥ Bcw-`n-®n-´p-≠v.

Im‰mSn-Iƒ (Windmills)
$ Im‰m-Sn-I-fn¬\n∂p e`n-°p∂ Du¿Pw GsX√mw

Bh-iy-ßƒ°v {]tbm-P-\-s∏-Sp-Øm≥ Ignbpw?

$ Im‰m-Sn-I-ƒ ÿm]n-°m≥ ÿew Xnc-s™-Sp-°p-

tºmƒ Fs¥√mw {i≤n-°Ww?

$ tIc-f-Øn¬ Im‰m-Sn-∏m-S-ßƒ ÿm]n-®n-cn-°p-∂-sX-

hn-sS-bm-Wv?

Im‰m-Sn-∏mSw tIc-f-Øn¬

h¿j-Øn¬ IqSp-X¬ ka-bhpw

i‡-amb Im‰v e`n-°p∂ ]me-°mSv

Pn√-bnse I©n-t°mSv BWv tIc-

f-Øn¬ k¿°m¿ DSaÿX-bn-ep≈

Im‰m-Sn-∏mSw {]h¿Øn®p hcp-∂-Xv.

sshZypXn t_m¿Uv 750 kW tijn-

bn¬ sshZypXn D¬∏m-Zn-∏n-°p∂

GXm\pw Im‰m-Sn -∏m-S-ßƒ cma-

°¬taSn¬ ÿm]n-®n-´p-≠v.

Nn{Xw 8.9

Nn{Xw 8.10
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1945 BKÃv 6\v
BZy B‰w-t_mw_v
P∏m-\n¬ C´p. \mi-
Øns‚ h¿j-]mXw
Bcw-̀ n-°p-∂p.

BZy B‰w-t_mw_v
20000 S¨ Sn.-F≥.-
Snbv°v kam-\-amb
hn\m-i-Im-cn.

Du¿Pw \yq¢n-b-kn¬\n∂v (Nuclear energy)
Nn{X-Ønse ]{X-hm¿Ø {i≤n-°q.

GXp Zpc-¥-sØ-°p-dn-®mWv ]{Xßƒ dnt∏m¿´v sNbvXn-

cn-°p-∂Xv?

B‰w-t_mw-_n¬ \n∂v C{Xbpw hn\m-i-I-c-amb Af-hn¬

Du¿Pw D¬∏mZn-∏n -°m≥ Ign-™Xv GXp -co-Xn-bn-

embncn°pw? CtX Du¿Pw kam-[m-\-]-c-amb Bh-iy-

ßƒ°v D]-tbm-Kn-°m≥ Ign-bptam?

At‰m-anI`mcw IqSnb \yq¢n-b-kp-Isf \yqt{Sm¨ D]-tbm-

Kn®v `mcw -Ip-d™ \yq¢n-b-kp-I-fmbn hnL-Sn-∏n-°p∂

{]h¿Ø-\-amWv  \yq¢n-b¿ ^nj≥. Cßs\ D≠m-Ip∂

sNdnb \yq¢n-b-kp-I-fpsS amkv AXns‚ amXr\yq¢n-b-

kns‚ amknt\-°mƒ Ipd-hm-Wv. AXm-bXv, CØcw hnL-

S-\-Øn¬ {Zhy-\jvSw kw`-hn-°p-∂p. ^njs‚ ^e-ambn

\jvS -s∏-Sp∂ {Zhyw Du¿P-ambn ]cn -W-an -°p-∂p.

sF≥Ãos‚ E = mc2 ka-hmIyw A\p -k-cn® v ,

]cnh¿Ø\w sNøp∂ {Zhy-Øns‚ amkv Ipd-hm-bn-cp-

∂mepw, D¬∏m-Zn-∏n-°p∂ Du¿P-Øns‚ Afhv hfsc IqSp-

X-em-bn-cn-°pw. A\n-b-{¥nX ^nj≥ {]h¿Ø\w henb

kvt^mS-\-Øn¬ Iem-in-°pw. CXmWv B‰w-t_mw-_n¬

\S-°p∂ {]h¿Ø-\w.

thK-w-Iq-Snb

\yqt{SmWpIƒ

hnL-SnX
Ij-W-ßƒIº\w sNøp∂

\yq¢n-bkvU235

\yq¢n-bkv

 U235\yq¢n-b-kns‚ ̂ nj≥ {]h¿Ø\w

a) \yqt{Sm¨ bptd-\nbw

\yq¢n-bkns\ {]l-cn-°p-∂p.

thK-w -
Ip-d™

\yqt{Sm¨

Du¿Pw

\yq¢nb¿ ^yqj≥

At‰m-anI`mcw Ipd™ \yq¢n--b-kp-Isf tbmPn-∏n®v amkv Iq-Snb \yq¢n-bkm°n am‰p∂

{]h¿Ø-\-amWv \yq¢n-b¿ ^yqj≥. Cu {]h¿Ø-\-Øn¬ \jvS-s∏-Sp∂ {Zhyw Du¿P-

ambn amdp-∂p. kqcy-\nepw \£-{X-ßfnepw CØ-c-Øn-emWv Du¿tPm-¬∏m-Z\w \S-°p-

∂Xv F∂v \nßƒ a\- n-em-°n-bn-´p-≠t√m. Cu {]h¿Ø-\-Øns‚ ASn-ÿm-\-Øn-

emWv ssl{U-P≥ t_mw_v \n¿an-®n-cn-°p-∂-Xv. \nb-{¥n-X-co-Xn-bn¬ ^yqj≥ \SØn

hyh-km-bnI ASn-ÿm-\-Øn¬ Du¿Pw \n¿an-°m≥ imkv{X-tem-I-Øn\v km[n®n-´n-√.

\yq¢n-b¿ ^nj≥

sF≥Ão\pw E = mc2 Dw

{Zhyw Du¿P-am°n am‰p-tºmƒ e`n-

°p∂ Du¿P-Øns‚ Afhv IW-

°m-°p∂ ka-hm -Iy -am -Wn -X v .

ChnsS m F∂Xv ]cn-h¿Ø\w

sNøp∂ {ZhyØns‚ amkpw c
F∂Xv {]Im-i-Øns‚ thK-X-bpw

(3x108m/s) E F∂Xv e`n-°p∂

Du¿P-Øns‚ Af-hp-am-Wv. Hcp

Intem {Kmw {Zhyw Du¿P-ambn ]cn-

h¿Ø\w sNbvXm¬ e`n-°p∂

Du¿Pw F{X-sbt∂m?

E = 1 x (3x108)2 =  9x1016 Pqƒ. CsX-

{X-am{Xw henb Af-hm-sW∂v

Adn-bm-a-t√m.

b) Aÿn-cX
c) hnL-S\w (^nj≥)

Nn{Xw 8.11
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Nuclear Fission
ImWp-I.

$ \yq¢n-b-kn¬ \n∂v Du¿Pw D¬∏m-Zn-∏n-°m-\p≈ am¿K-ßƒ Fs¥-

√m-amWv?

$ ]cn-h¿Ø\w sNø-s∏-Sp∂ {Zhy-Øns‚ Afhv hfsc Ipd-hm-W-

¶nepw D¬∏m-Zn-∏n-°-s∏-Sp∂ Du¿P-Øns‚ Afhv hfsc IqSp-X-em-

hm-\p≈ Imc-W-sa¥v?

$ A\n-b-{¥n-X-amb ^nj≥ {]h¿Ø\w h≥ kvt^mS-\-Øn¬ Iem-

in-°m≥ Imc-W-sa-¥m-bn-cn°pw?

^nj≥ {]h¿Ø-\sØ \nb-{¥n®v sshZyp-tXm¿Pw D¬∏m-Zn-∏n-°p-∂

]h¿tÃj-\p-I-fp≠v. \yq¢n-b¿ ]h¿tÃj≥ F∂m-Wn-h Adn-b-s∏-Sp-

∂-Xv.

\yq¢n-b¿ Du¿PsØ sshZyp-tXm¿P-am°n am‰p∂ kwhn-[m-\-amWv

\yq¢n-b¿ dnbm-IvS¿.

\yq¢n-b¿ dnbm-IvS-dn¬ C‘-\-ambn D]-tbm-Kn-°p-∂Xv kºpjvS bptd-

\nbamWv. \yq¢n-b¿ dnbm-IvS-dp-I-fn¬ Im¿ss_Uv C‘\w D]-tbm-Kn-

°m-\p≈ kmt¶-XnIhnZybpw C¥y°p kzmb-Ø-am-bn-´p-≠v. Xan-gv\m-

´nse I¬∏m-°sØ sshZyp-X-\n-ebw CØcw dnbm-IvS-¿ D]-tbm-Kn-®mWv

{]h¿Øn-°p-∂-Xv.

GXm\pw Du¿P-t{km-X- p-I-sf-°p-dn®v \mw N¿®-sNbvXpIgn-™-t√m.

Ch-sb√mw ]≠p-ap-Xte D]-tbm-Kn®pt]m∂n-cp-∂-h-bmtWm? At\z-

jn®pt\m°q. ]c-º-cm-K-X-ambn D]-tbm-Kn®pt]m∂ Du¿P-t{km-X- p-Iƒ

GsX-√m-am-sW∂pw ASp-Ø-Im-e-Ømbn am{Xw {]tbm-P-\-s∏-Sp-Øm≥

XpS-ßnb Du¿P-t{km-X- p-Iƒ GsX-√m-sa∂pw Is≠Øn ]´n-I-bn¬

tcJ-s∏-Sp-Øq. ]c-º-cm-K-X-ambn D]-tbm-Kn®pt]mcp-∂-hsb ]mc-ºcy

Du¿P-t{km-X- p-Iƒ (Conventional energy sources) F∂pw A√m-Ø-

hsb ]mc-ºtcyXc Du¿P-t{km-X- p-Iƒ (Non conventional energy
sources) F∂pw hnfn-°p-∂p.

]mc-ºcy ]mc-ºtcyXc

Du¿Pt{kmX- p-Iƒ Du¿Pt{kmX- p-Iƒ

$ t^mkn-¬ C‘-\-ßƒ $ tkmfm¿ F\¿Pn

$ _tbm-amkv $ ss‰U¬ F\¿Pn

$ sslt{Um Ce-Iv{SnIv ]h¿ $ \yq¢n-b¿ F\¿Pn

$ $

]´nI  8.4
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]p\ÿm]n-°m≥ Ign-bp∂
Du¿P-t{km-X- p-Iƒ

D]-tbm-Kn®psIm≠n-cn-°p-∂-Xn-\-

\pk-cn®v D¬∏m-Zn-∏n-®p-sIm≠ncn-

°p∂ Du¿Pt{kmX- p -I-fmWv

]p\ÿm]n-°m≥ Ign-bp∂ Du¿P-

t{kmXk p-Iƒ (Renewable
sources of energy). {]IrXnZØ

t{kmX- p-I-fmb kqcy-{]-Im-iw,

Im‰v, ag, then-tb‰w, Pntbm-sX¿a¬

XpS-ßn-b-h-bn¬\n∂p e`n-°p∂

Du¿P-amWv ]p\ÿm]n-°m≥ Ign-

bp∂ Du¿P-t{km-X- p-Iƒ. Ch

]cnÿnXnaen-\o-I-cWw D≠m-°p-

∂n√. s]t{Sm -fn -bw, I¬°-cn ,

{]IrXnhmXIw, \yq¢n-b¿ Du¿Pw

XpS-ßn-bh ]p\ÿm]n-°m≥ Ign-

bmØ Du¿P-t{km-X- p-I-fmWv. Ch

]cn-ÿn-Xn°v lm\n-I-c-hp-amWv.

lcn-tXm¿Pw

{]Ir-Xn°v CW-ßp∂ Du¿P-t{km-X- p-I-fn¬ \n∂v ]cn-

k-c-a-en-\o-I-cWw D≠m-ImsX \n¿an-°p∂ Du¿P-amWv

{Ko≥ F\¿Pn. ]p\ÿm]n-°m≥ Ign-bp∂ Du¿P-t{km-

X- p-I-fn¬ \n∂v D¬∏m-Zn-∏n-°p∂ F√m-Xcw Du¿P-ßfpw

CXn¬s∏-Sp-∂-h-bm-Wv. ]p\ÿm]n-°m≥ Ign-bp∂ Du¿P-

t{km-X- p-I-fmb kutcm¿Pw, Im‰n¬\n∂p≈ Du¿Pw,

Xnc-am-e-bn¬\n∂p≈ Du¿Pw, _tbm-am-kn¬ \n∂p≈

Du¿Pw XpS-ßn-bh lcn-tXm¿P-ambn ]cn-K-Wn-°-s∏-Sp-

∂p. CXns\ "¢o≥ F\¿Pn' F∂pw ]d-bp-∂p.

F∂m¬ ]p\ÿm]n-°m≥ Ign-bmØ Du¿Pt{kmX- p-

Ifmb s]t{Sm-fn-bw, I¬°cn XpS-ßnbh D]-tbm-Kn-®p-

≠m-°p∂ Du¿Phpw \yq¢n-b¿ Du¿Phpw {_u¨

F\¿Pn F∂ t]cn¬ Adn-b-s∏-Sp-∂p. CXv BtKm-f-Xm-

]\w Dƒs∏-sS-bp≈ ]cn-k-c-a-en-\o-I-cWw D≠m-°p-∂-

h-bm-Wv.

Xmsg sImSp-Ø t{kmX- p-I-fn¬\n∂v D¬∏m-Zn-∏n-°p∂

Du¿P-ßsf {Ko≥ F\¿Pn, {_u¨ F\¿Pn F∂p ]´n-

I-s∏-Sp-Øp-I.

tkmfm¿ sk√p-Iƒ, At‰m-anIv dnbm-IvS-dp-Iƒ, ss‰U¬ F\¿Pn, sslt{Um

Ce-Iv{SnIv ]h¿, Uok¬ F≥Pn-\p-Iƒ, Im‰m-Sn-Iƒ, sX¿a¬ ]h¿tÃj-\p-

Iƒ.

{Ko≥ F\¿Pn {_u¨ F\¿Pn

Hcp hoSp \n¿an-°p-tºmƒ {Ko≥ F\¿Pn ]c-am-h[n {]tbm-P-\-s∏-Sp-Øm≥

Fs¥√mw {i≤n-°-Ww?

$ ]I¬ ka-bØv apdn-I-fn¬ Bh-iy-amb kqcy-{]-Imiw e`n-°Ww.

$ NqSpw XWp∏pw Im‰pw sshZyp-Xn-bpsS klm-b-an-√msX e`y-am-Ip∂ coXn-

bn-em-bn-cn-°-Ww.

$

Du¿P-{]-Xn-k‘n

]c-º-cm-KX t{kmX- p-Iƒ°p ]pdsa ]pXnb Du¿Pt{km-X- p-I-fpw \mw {]tbm-

P-\-s∏-Sp-Øm≥ XpS-ßn-bn-cn-°p-∂p. F∂n´pw ]h¿I´pw temUvsj-Õnßpsa√mw

A-`napJo-I-cn-t°≠n hcm-dnt√? F¥m-bn-cn°mw CXn\p ImcWw?

]´nI  8.5
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Du¿P-\jvSw Pe-\jvSw hgnbpw

sk°‚n¬ Hcp an√n en‰¿ Pew Hcp

Sm∏n¬ \n∂p ]mgmbm¬ an\n-‰n¬ 60

an√n-en-‰¿. aWn-°q-dn¬ 3600 an√n en‰¿

(3.6 en‰¿). Hcp Znhkw 86.4 en‰¿.

F¶n¬ Hcp amksØ Pe \jvSw

F{X-am{Xw! Cu \nebv°v \jvS-s∏-

Sm-hp-∂ Du¿Pw F{X-bm-bn-cn°pw?

C{Xbpw Pew Sm¶nse-Øn®

Du¿Phpw ]mgm-bn-t∏m-bnt√!

LDR (sse‰v Uns∏≥U‚v sdkn-Ã¿)

{]ImiXo{h-Xsb ASn-ÿm-\-s∏-SpØn

{]h¿Øn-°p∂ Hcp thcn-b-_nƒ dkn-

Ã¿ BWv LDR. {]ImiXo{h-X-bv°-

\p-k-cn®v CXns‚ {]Xn-tcm[w hyXym-

k-s∏-Sp-∂p. Ccp-´n-em-bn-cn-°p-tºmƒ

CXns‚ {]Xn-tcm[w hfsc IqSp-Xepw

(GXm\pw saKm Hmw) {]Im-i-Øn-em-

bn-cn-°p-tºmƒ {]Xn-tcm[w hfsc Ipd-

hp-am-bn-cn-°pw. Cu Ign-hns\ ASn-ÿm-

\-am°n sXcphphnf-°p-Iƒ {]Imiw

Ipd-bp∂ ka-bØp am{Xw {]h¿Øn-

∏n®v hfsc A[nIw Du¿Pw em`n-°m-

\mIpw. LDR s\ Hcp dnse sk¿°o-

´n¬ Dƒs∏-Sp-Øn-bmWv CXp km[n-°p-

∂-Xv.

]I¬ ka-bØv Xo{h-X-bp≈ {]Imiw

e`n-°p-∂-Xn-\m¬ LDR s‚ {]Xn-tcm[w

Ipd-bp-Ibpw AXv Dƒs∏-Sp∂ sk¿°o-

´neqsS sshZypXn HgpIn sabn≥

sk¿°o-´nse kzn®v Hm^m-hp-Ibpw

sNøp-∂p. F∂m¬ Ccp-´n-em-hp-tºmƒ

LDR s‚ {]Xn-tcm[w h¿[n-°p-∂-Xn-

\m¬ AXn¬°q-Sn-bp≈ sshZypX

{]hmlw \ne-bv°p-Ibpw sabn≥

sk¿°o-´nse kzn®v Hm¨ Bbn B

sk¿°o´nse _ƒ_p-Iƒ {]Im-in-°p-

Ibpw sNøp-∂p.

Du¿P-Øns‚ Bh-iy-IX h¿[n-°m-\n-S-bm-°nb kml-

N-cy-ß-fn¬ {][m-\-am-W-t√m P\-kw-Jym-h¿[-\hv.

P\-kw-Jym -hnkvt^m-S\w Du¿P D]t`mKsØ

GsX√mw coXn-bn-emWv _m[n-°p∂Xv? ]´nI hn]p-

eo-I-cn-°q.

$ ]m¿∏n-S-\n¿amWw

$ kpJ-ku-I-cy-ßƒ

$ `£Ww

$

P\-kw-Jy-bn -ep -≠m-Ip∂ sNdnb h¿[-\-hns‚

F{Xtbm aSßv h¿[-\-hmWv Du¿tPm-]-t`m-K-Øn-ep-

≠m-Ip-∂Xv.

Du¿P-Øns‚ Bh-iy-IX At\-I-a-Sßv h¿[ns®¶nepw

D¬∏m-Z\w th≠{X h¿[n-®n-´n-√.

"Du¿P-Øns‚ Bh-iy-I-X-bnse h¿[-\hpw e`y-

X-bn-ep≈ Ipd-hp-amWv Du¿P-{]-Xn-k‘n'.

Du¿P-{]-Xn-k-‘n ]c-am-h[n eLq-I-cn-°m≥ \ap°v

Fs¥√mw sNøm≥ Ignbpw?

]´nI hn]p-eo-I-cn-°q.

$ Du¿P-w bp‡n-k-l-ambn D]-tbm-Kn-°pI.

$ kutcm¿Pw ]c-am-h[n {]tbm-P-\-s∏-Sp-ØpI.

$ ]mgm-bn-t∏m-Ip∂ PeØns‚ Afhv ]c-am-h[n

Ipdbv°p-I.

$ s]mXp bm{XmkuI-cy-ßƒ Ign-bp-∂{X D]-tbm-

Kn-°p-I.

$ hoSp-I-fpw tdmUp-Ifpw tamSn-]n-Sn∏n-°p-∂Xpw ]pXp-

Xmbn \n¿an-°p-∂Xpw imkv{Xo-b-amb ImgvN-∏m-

tSm-sS-bm-I-Ww.

$ sXcp-hp-hn-f-°p-Iƒ F¬.-Un.-B-dp-Iƒ (Light
Dependent Resistor) D]-tbm-Kn®v \nb-{¥n-°p-I.

$ b{¥-ßƒ°v bYm-k-abw A‰-Ip -‰ -∏-Wn -Iƒ

sNøpI.

$ ]pXnb hoSp-Iƒ \n¿an-°p-tºmƒ hep∏w ]cn-an-X-

s∏-Sp-ØpI.

$ D]-tbm-Kn-°p-∂ b{¥-ßƒ £aX IqSn-b-Xm-sW∂v

Dd-∏p-h-cp-Øp-I.

$
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Du¿Pw kwc-£n°q

`mhn Xe-ap-d-

bv°mbn IcpXn

hbv°q.....

Du¿P-{]-Xn-k‘n ]cn-l-cn-°m-\p≈ {iaw \ΩpsS ASp-°-f-bn¬\n∂p-Xs∂

Bcw-`n-t°-≠n-bn-cn-°p-∂p.

Du¿P-Øns‚ D]-t`mKw Ipd-bv°m≥ ]‰nb Nne D]-I-c-W-ßƒ \nßƒ°-dn-

bm-at√m?

$ NqSm-dm-s∏´n Du¿P -D-]-t`mKw Ipd-bv°m≥ Fßs\ klm-bn-°p∂p?

$ £aX (Efficiency) IqSnb ASp∏v GsX√mw hn[-Øn-emWv Du¿P D]-

t`mKw Ipd-bv°m≥ klm-bn-°p-∂Xv?

$ {]j¿Ip-°¿ D]-tbm--Kn®v Blm-c-]-Zm¿Y-ßƒ Ffp∏w ]mIw sNøm≥ Ign-

bp-∂Xv F¥p-sIm≠v? CXp--hgn Du¿Pw em`n-

°m≥ Ign-bp-∂-sX-ßs\?

kmaqlnI t_m[-h¬°-c-W-Øn-\p-X-Ip∂

CØcw t]mÃ-dp-Iƒ \n¿an®v Du¿P-kw-c-£W

{]h¿Ø-\-ß-fn¬ ]¶m-fn-bm-Iq.

{][m\ ]T-\-t\-´-ß-fn¬ s]Sp-∂h

$ hnhn[ Du¿P-cq-]-ßƒ Xncn-®-dn-™v hni-Zo-I-cn-°m≥ Ign-bp-∂p.

$ hnhn-[-Xcw C‘-\-ßfpw Ah-bpsS C‘-\-£-a-Xbpw Fs¥∂v Xncn-®-dn-

™v hni-Zo-I-cn-°m≥ Ign-bp-∂p.

$ Hcp Du¿Pt{kmXkv F∂ \ne-bn¬ ssl{U-Ps‚ ]cn-an-Xn-Ifpw

`mhnkm[y-X-Ifpw Xncn-®-dn-™v hni-Zo-I-cn-°m≥ Ign-bp-∂p.

$ ]p\ÿm]n-°m≥ Ign-bmØ Du¿P-t{km-X- p-I-fpsS e`yX Ah-bpsS D]-

tbmKØnse \nb-{¥Ww F∂nh hni-Zo-I-cn-°m≥ Ign-bp-∂p.

$ kutcm¿Pw, _tbm-Kym-kv, Im‰v XpS-ßnb ]p\ÿm]n-°m≥ Ign-bp∂

Du¿P-t{km-X-kp-I-fpsS D]-tbmKw Du¿P-{]-Xn-k‘n ]cn-lm-c-Øn¬ F{X-

am{Xw {]tbm-P-\-s∏-Sp∂p F∂v hni-Zo-I-cn-°m≥ Ign-bp-∂p.

$ Du¿P{]Xn-k‘n°p≈ Imc-W-ßfpw AXp- e-Lq-I-cn-°m-\p≈ am¿Kßfpw

Is≠-Øn {]tbm-K-Øn¬ hcp-Øm≥ Ign-bp-∂p.

$ ]p\ÿm]n-°m≥ Ign-bp∂ Du¿P-t{km-X- pIƒ GsXm-s°-sb∂v Xncn-

®-dn™v Pohn-X-Øn¬ {]tbm-P-\-s∏-Sp-Øm≥ Ignbp-∂p.

$ lcn-tXm¿Pw ]c-am-h[n D]-tbm-K-s∏-SpØn Du¿P Bh-iy-I-X-Iƒ ^e-

{]-Z-ambn \nd-th-‰p-∂Xv Fß-s\-sb∂v hni-Zo-I-cn-°m≥ Ign-bp-∂p.
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hne-bn-cpØmw

1. Xmsg-∏-d -bp∂ Du¿P-t{km-X- p-Isf ]p\-ÿm-]n -°m≥ Ign -bp∂

Du¿Pt{kmX v, ]p\-ÿm-]n-°m≥ Ign-bmØ Du¿Pt{kmX v F∂n-ßs\

Xcw-Xn-cn-°q. Ch-bn¬ GsX-√m-amWv lcn-tXm¿P-Øns‚ t{kmX-kp-Iƒ

F∂v Fgp-Xq.

$  s]t{Sm-fn-bw $  I¬°-cn $  Im‰v  $  Xnc-am-e

$  sslt{Um -C-e-Iv{SnIv ]h¿  $  kutcm¿Pw

2. ImcWw hni-Zo-I-cn-°p-I.

(a) ssl{U-P≥ Item-dnIaqeyw IqSn-b- Hcp C‘-\amsW¶nepw Km¿lnI

Bh-iy-Øn\v D]-tbm-Kn-°p-∂n-√.

(b) t^mkn¬ C‘-\-ßƒ Icp-X-temsS D]-tbm-Kn-°-Ww.

(c) _tbmamkp-Iƒ IØn-°p-∂Xv ]c-am-h[n Hgn-hm-t°-≠-Xm-Wv.

3. "lcnX Du¿Pw' t{]m’m-ln-∏n-t°-≠Xv Ime-L-´-Øns‚ Bh-iy-I-X-bm-

sW∂v ka¿Yn-°p-I.

    XpS¿{]-h¿Ø\ßƒ

1. Item-dn-I-aqeyw IqSnb C‘\w F∂ \nebv°v ssl{U-Ps‚ km[y-X-Iƒ

Is≠Øn D]-\ymkw Xbm-dm-°p-I.

2. Hcp sslt{Um Ce-Iv{SnIv ]h¿lukv kμ¿in®v sshZypXn D¬∏mZ-\-

Øns‚ hnhn[ L´-ßƒ a\- n-em-°p-I. Cu XØzw {]tbm-P-\-s∏-SpØn

"an\n sslt{Um Ce-Iv{SnIv ]h¿ t{]mPIvSns‚ km[y-X-Iƒ Is≠-Øp-I.

3. Hcp _tbm-Kymkv πm‚ v kμ¿in®v \nß-fpsS {]tZ-iØv "kaql _tbm-

Kymkv πm‚ v' ÿm]n-°m-\p≈ km[y-X-Iƒ At\zjn-°q.

4. tkmfm¿ Du¿Pw {]tbm-P-\-s∏-Sp-Øp-∂-Xns‚ Bh-iy-IX s]mXp-P-\sØ

Adn-bn-°p-∂Xn\v Hcp eLp\mSIw cNn-°p-I.

5. tkmfm¿ Du¿P-Øn\v \ΩpsS KXm-K-Xcw-KØv Ahn-iz-k-\o-b-amb `mhn-

bp-≠v. Cu km[y-X-bpsS ssii-h-L-´-Øn-emWv \mw. "tkmfm¿ Du¿P-

Øns‚ `mhnkm[y-X-Iƒ' F∂ hnj-b-Øn¬ D]-\ymkw cNn-°p-I.

6. {][m\ Du¿P-t{km-X- p-Iƒ, Ah-bpsS ta∑-Ifpw \yq\-X-Ifpw Is≠Øn

]´n-I-s∏-Sp-Øp-I.

{Ia-\-º¿ Du¿P-t{km-X v ta∑-Iƒ \yq\-X-Iƒ

7. tIc-f-Øn¬ Hcp BW-h-dn-bm-IvS¿ ÿm]n-°p-∂p. Cu Xocp-am-\-tØm-Sp≈

\nß-fpsS {]Xn-I-cWw F¥v? \ymbo-I-cn-°p-I.

8. s]t{Smƒ D]-tbm-Kn®v HmSp∂ Hcp Im¿ Nq≠n-°m´n Hcmƒ ]d-bp∂p:  ""Im¿

HmSp-∂Xv kutcm¿Pw D]-tbm-Kn-®mWv''. Cu {]kvXm-h-\-tbm-Sp≈ \nß-

fpsS {]Xn-I-c-Ww Fgp-XpI.
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Ipdn∏pIƒ
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Ipdn∏pIƒ
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Ipdn∏pIƒ
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Ipdn∏pIƒ
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