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"KLFK VLQJOH DSSDUDWXYV LV XVHG WREH QQ AWKKL¥FROXNRH ®RH D S
XVHG WR ILQG WKH YROXPH RI D TXDQWLW\ RI OLTXLG"

YROXPH RI VROLG FXEH YROXPH RI OLTXLG
$ EDODQFH EDODQFH

% EDODQFH PHDVXU|LQJ F\OLQGHU

& UXOHU EDODQFH

' UXOHU PHDVXULQJ F\OLQGHU

7KH VSHHG+*WLPH JUDSK UHSUHVHQWY D VKRUW MRXUQH\
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KLFK GLVWDQFH+WLPH JUDSK UHSUHVHQWY WKH VDPH MRXUQH\"
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7KH JUDSK UHSUHVHQWYV WKH PRWLRQ RI D FDU
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+RZ IDU KDV WKH FDU PRYH\G' EHWZHHQ DQG
$ P % P & P ' P

KLFK VWDWHPHQW DERXWRFARMUMWMIRBWHLIKW LV
$ ODVVHV FDQ EH FRPSDUHG XVLQJ D EDODQFH
% O0ODVV LV D IRUFH

& 'HLIKWV FDQ EH FRPSDUHG XVLQJ D EDODQFH
" HLJIJKW LV D IRUFH

"KLFK WZR TXDQWLWLHYV PXVW EH NQRZD PDRVBUMOHU'PLQH WKH G
$ PDVV DQG DUHD

% PDVV DQG YROXPH

& ZHLJKW DQG DUHD

" ZHLJKW DQG YROXPH
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7ZR ER\V DUH VLWWLQJ RQ D VHH VDZP 7TK@GVHHPDDLD V\KRQ LH R XMO

:KDW DIIHFWV WKH PRPHQW RI HDFK ER\ DERXW WKH SLYRW"

$ KLV GLVWDQFH IURP WKH SLYRW RQO\

% KLV KHLJKW DERYH WKH JURXQG DQG KLV ZHLJKW
& KLV ZHLJKW RQO\

' KLV ZHLJKW DQG GLVWDQFH IURP WKH SLYRW

$ XQLIRUP PHWUH UXOH LV SLYRWRGPDQ N\HTX PONMBUYR XSO D WHW KDHW
FP PDUN RQ WKH UXOH

:KDW LV WKH VPDOOHVW PDVV WKDW PADRUEHHHIXDEHBURGPVKH UX

$ J % J & J ' J

$ XQLIRUP EHDPFKR @RQJ DQG ZHLJKYV
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7KH EHDP UHVWYV R® DURBPYHROAG ;
$ ORDG RIKDQJV IURP WKRPHHRP HQG ;
7KH EHDP LV NHSW ED ODMMAFWMIGQHE\ R | ’EEMHEWDP HQ G ;

:KDW LV WKH PDJQEWXGH RI IRUFH
$ 1 % 1 & 1 ' 1

< 8&/(6 0 -



7TKUHH FKLOGUHQYV WR\V ; < DQG = DUKHNKKDYD PAH V1K W \D Q@ ®&/
SRVLWLRQV LQVLGH VR WKDW WKH SRVIHDERKQWRI\ WKHGEHg WHQW
FHQWUH RI JUDYLW\ LV PDUNHG 3

X Y 4
P
P
P
KLFK WR\ LV WKH PRVW VWDEOH DQG ZKHRKEWRD Q¥ HHGKHQOW R M
VKRZQ"

PRVW OHDVW
VWDEOHNDEOH

% : =

7KH GLDJUDP VKRZV WKH HQHUJ\ VWR DH\G IRRZDWHKRE HQHUBH QD W
EHWZHHQ VWRUHYV

internal .
ener heating
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:KDW GHVFULEHV KRZ WKH FKHPLFDO HQHUJ\ LV WUDQVIHUUHG"

$ HOHFWULFDO ZRUN GRQH
% PHFKDQLFDO ZRUN GRQH
& HOHFWURPDJQHWLF ZDYHYV
' VRXQG ZDYHYV

$ PRYLQJ REMHFW LV EURXJKW WR UHWWE\DDGUNWEVQWFHY RITRUFH
:KDW LV WKH ZRUN GRQH E\ WKH IRUFH"

s - % - & - C
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"KLFK WZR SK\WLFDO TXDQWLWLHV PXVVHIH GHNYHD RGH G DB F & O\
UXQQLQJ XS D IOLJKW RI VWHSV"

$ IRUFH H[HUWHG DQG WKH YHUWLFDO KHLJKW RI WKH VWHSV R
% IRUFH HI[HUWHG DQG WKH WLPH WDNHQ RQO\

& ZRUN GRQH DQG WKH YHUWLFDO KHLJKW RI WKH VWHSV RQO\
' ZRUN GRQH DQG WKH WLPH WDNHQ RQO\

$ UHFWDQJXODU PDUEOH E®RE\N KD \P ®IQRGH @M L RKQWL

7KH PDUEOH EORFN LV VWRUHG ZLWKRXIQH; ORWY 1 ¢ LGEH VHD/RNLQJ F

a—

LV

diagram 1 diagram 2

KDW LV WKH FKDQJH LQ WKH SUHVVXUHNRDKW® HVKWHR K Q B FGI XIHY WF
GLDJUDP UDWKHU WKDQ GLDJUDP "

$ D GHFUHDVHIRP
% DQ LQFUHDVHIRR
& DQ LQFUHDVHIRRP
' QR FKDQJH

JRXU VWXGHQWY GHVFULEH WKH SKUDMRIQ [RIE WK XS\OHJ WHLLFFOTH GPXRX

"KLFK VWXGHQW LV FRUUHFW"

$ 7KLV LV WKH ORZHVW SRVVLEOH WHPSHUDWXUH

% 3DUWLFOHV LQ D VROLG VWDUW YLEUDWLQJ

& 3DUWLFOHV GR QRW KDYH DQ\ ZHLJKW

‘ S3DUWLFOHVY KDYH WKH OHDVW JUDYLWDWLRQDO SRWHQWLDO |
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$W WKH VXUIDFH RI D OLTXLG WKH PRJWD $HH HURRWALKHP R OHXIXC
DWPRVSKHUH

"KLFK QDPH LV JLYHQ WR WKLV SURFHVV"

$ ERLOLQJ
% FRQGHQVDWLRQ
& HYDSRUDWLRQ
' PHOWLQJ

$ WHDFKHU SXWV VRPH FROG ZDWHU LQ D WHVW WXEH
6KH KROGV WKH ERWWRP RI WKH WHVW WXEH ZKLOH KHDWLQJ Wi

boiling water

cold water

7TKH ZDWHU DW WKH WRS ERLOV EXW VKH 0F'\R QW HOEXRHW W\RRP KRHIP® [V
KLFK FRQFOXVLRQ DERXW ZDWHU LV PDGH IURP WKLV H[SHULPH:

$ DWHU LV D EDG FRQGXFWRU
% :DWHU LV D EDG FRQYHFWRU
& :DWHU LV D JRRG FRQGXFWRU
' :DWHU LV D JRRG FRQYHFWRU
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7KH GLDJUDP VKRZV D ZDYH
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:KDW DUH WKH DPSOLWXGH DQG WKH ZDYHOHQJWK RI WKLV ZDYH

DPSOLWRGHZDYHOWRBIWK

%

$ OLIJKW UD\ VWULNHYVY D SODQH PLUURU DQG LV UHIOHFWHG

KLFK DQJOH LV DOZD\V HTXDO LQ VL]JH WR WKH DQJOH RI UHIOHTF

$ WKH DQJOH EHWZHHQ WKH LQFLGHQW UD\ DQG WKH PLUURU

% WKH DQJOH EHWZHHQ WKH LQFLGHQWUUD\ DQG WKH QRUPDO W
& WKH DQJOH EHWZHHQ WKH UHIOHFWHG UD\ DQG WKH PLUURU

' WKH DQJOH EHWZHHQ WKH UHIOHFWHG UD\ DQG WKH LQFLGHQ

7KH GLDJUDP VKRZV WZR GLYHUJLQJ UD\Q HQ VO DIXENHPHWILQJI &
HDFK RWKHU

:KLFK ODEHOOHG GLVWDQFH LV WKH IRFDO OHQJWK RI WKH OHQV

thin Iens\/\ 77777 i

w
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$ EHDP RI OLJKW FRQVLVWY RI \HOORZ DQG EOXH OLJKW
7KH EHDP RI OLJKW LV LQFLGHQW RQ D JODVYV SULVP

KLFK GLDJUDP LV FRUUHFW"

A B
yellow blue
blue yellow
glass prism glass prism
C D
glass prism glass prism
blue yellow
yellow blue

7KH WZR GHYLFHV VKRZQ XVH GLIITHUHQWHW\SHVY RI HOHFWURPDJ

medical scanning remote controller

KLFK WA\SHV RI ZDYHV DUH XVHG LQ WKHVH GHYLFHV"

PHGLFDO UHPRWH
VFDQQLQJFRQWUROOHU
$ XOWUDYLROHW LQIUDUHG
%| XOWUDYLROHW PLFURZDYHV
& . UD\V LQIUDUHG
' . UD\V PLFURZDYHYV
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$ ER\ VKRXWV DQG KHDUV WKH HFKRODWRPUD WDOO EXLOGLQJ
7KH VSHHG RI VRXQ8 YQ DLU LV

+RzZ IDU DzD\ IURP WKH ER\ LV WKH EXLOGLQJ"

$ P % P & = ' P

7KH PDIQHWLF ILHOG RI D EDU PDIQHWWDRKR) IEHOUHBSDURWNQWHG E
:KLFK GLDJUDP VKRZV WZR PDJQHWLF ILHOG OLQHVY FRUUHFWO\"

A B D

$ SODVWLF URG LV UXEEHG ZLWK D GWL¥FOBWKKODBKHIGRG EHFRPH

'K\ KDV WKH URG EHFRPH SRVLWLYHO\ FKDUJHG"
$ ,W KDV JDLQHG HOHFWURQYV

% ,W KDV JDLQHG QHXWURQV

& ,W KDV ORVW HOHFWURQYV

' W KDV ORVW QHXWURQV

'KLFK VWDWHPHQW DERXW HOHFWULFWXUUHQW LQ D FRQGXFWR
$ ,QDGF FLUFXLW WKH HOHFWULFRERXUWKQ WRQYG®GCKDR®\ GHF
% ,Q DGF FLUFXLW WKH IUHH HOHFWURQV IORZ EDFN DQG IRU
& ,Q DQ DF FLUFXLW WKH HOHFWU LDFP AIXD@Q® QWK K MPLIPIHQ V H[D F\
' ,QDQDF FLUFXLW WKH IORZ RI FRXDDODFKDQJHV GLUHFWLR

KLFK FLUFXLW FDQ EH XVHG WR PHDW®RH WKH UHVLVWDQFH RI |

A B C D
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$ ODPS UDWHS& LV VZLWFKH&® RQ IRU

+RZ PXFK HQHUJ\ LV WUDQVIHUUHG"

$ . % - & . ' .

7KH FLUFXLW GLDJUDP VKRZV D EDWWHU\R KR Q@MEMMHIH @&/ RD PAPZH-
FROQOQHFWHG LOQWR WKH FLUFXLW

KLFK DPPHWHU VKRZV WKH ODUJHVW UHDGLQJ"

7ZR ODPSVY DUH FRQQHFWHG LQ SDUDOOHO

KLFK VZLWFKHV PXVW EH FORVHG VR WKDW ERWK ODPSV OLJKW'

$ D6Q G BQ O\
% D6Q G BQO\
& D6Q G BQO\
' 6 DQG 6
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:KLFK VWDWHPHQW DERXW HOHFWULFDO VDIHW\ LV FRUUHFW"

$ ,1 D GHYLFH LV GRXEOH LQVXODWHG LW GRHV QRW QHHG D IX
% $ GHYLFH WKDW KDV D QRUPD G PXWWD B/H. B R YWHFRRHVE FEN D

& 6ZLWFKHV PXVW DOZDGVLEW RRCHHPWYH VXSSO\ ZLUH

' 7KH PHWDO FDVLQJ RI bQ HOHFWULFDWKGEHQHKW PXU W IHHHFR Q (

$ VWXGHQW LQYHVWLIJDWHY WKH RXW:SRWZLRGWD JNH EQG RBOH Q@ HDW

KHQ ZLOO WKH LQGXFHG YROWDJH KDYH WKH JUHDWHVW YDOXH
$ 7KH VWXGHQW VORZO\ PRYHV WKH EDU PDJQHW LQWR WKH FR
% 7KH VWXGHQW OHDYHV WKH EDU PDJQHW VWDWLRQDU\ LQ WKI
& 7KH VWXGHQW TXLFNO\ UHPRYHV WKHUEDU PDJQHW IURP WKH
' 7KH VWXGHQW SODFHV WKH EDU PDJRDIHWH DW UHVW RXWVLGH \

,Q ZKLFK GHYLFH LV WKH PDIQQHWIVHBIIHFW RI D FXUUHQW
$ HOHFWURPDJQHW

% ORXGVSHDNHU

& SRWHQWLDO GLYLGHU

' UHOD\
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7KH GLDJUDP UHSUHVHQWY WKH WUD GRZHAY MAD WIL RIQ@ HFRV KIRAPL
PDQ\ NLORPHWUHYVY DZD\ 7ZR WUDQVIRUPHUY DUH ODEHOOHG ; D

transmission
pylon cables pylon
cables / ~N/v"—m——o~0______
power \ large houses ground
station X distance v ,{_Fh Aee
- e[ | WHWW /
:KDW W\SH RI WUDQVIRUPHUYV DUH ; DQG <"
$ VWHS GRZQ WUDQVIRUPHU VWHS GRZQ WUDQVIRUPHU
% VWHS GRZQ WUDQVIRUPHU VWHS XS WUDQVIRUPHU
& VWHS XS WUDQVIRUPHU VWHS GRZQ WUDQVIRUPHU
' VWHS XS WUDQ|VIRUPHU VWHS XS WUDQVIRUPHU

KLFK GLDJUDP UHSUHVHQWY WKH SRWLRILBQWRIRW'KH FKDUJHG

A B C D

7KH WDEOH VKRZV WKH FRPSRVLWLRQ RI WKUHH GLITHUHQW QXF

H 6PEHU ®RXPEHU RI

QXFO URWRQWHXWURQV

'KLFK QXFOHL DUH LVRWRSHV RI WKH VDPH HOHPHQW"
$ ; <DQG =% ; DQG < RO} DQG = RQOk DQG = RQO\
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$ VDPSOH RI D UDGLRDFWLYHSDURWLRSOHWBHWWHFRQG
$IWHU KRXUV WKH UDWH RI HELYNYUWQFOHWV 18100 WG AMRR) G

:KDW LV WKH KDOI OLIH RI WKLY LVRWRSH"

$ KRXUV % KRXUV & KRXUV ' KRXUYV

‘KLFK URZ VWDWHYV D KDUPIXO HIIHFR)DWO® D EB@HD WALR® RQ | BE W

KDUPIXO HIIHFW EHQHILFLDO HIIHFW
$ NLOOV FDQFHU FHOOV NLOOV FDQFHU FHOOV
% NLOOV FDQFHU FHOOV PXWDWHYV OLYLQJ FHOOV
& PXWDWHY OLY¥LQJ FHOOV NLOOV FDQFHU FHOOV
' PXWDWHY OLYLQJ FHOOV PXWDWHYV OLYLQJ FHOOV

:KLFK VWDWHPHQW DERXW WKH 6RODU 6\VWHP LV FRUUHFW"

$ $00 WKH SODQHWY DUH URFN\

% 2QO0\ WKH (DUWK KDV D PRRQ

& 30XWR LV D GZDUI SODQHW

' 7KHUH DUH PDQ\ VWDUV LQ WKH 6RODU 6\VWHP

7KH JUDSK VKRZV WKH HQHUJ\ UDGLDW¥YHGO BH\QWWK V6 XOR \DW FGILW K I
UDGLDWHG LQ MXVW WKUHH SDUWYV ROEWIOW H® BFW WRFARD SQHWLF \

A
energy
radiated

0 v =
) Q R wavelength

KLFK SDUWV RI WKH HOHFWURPDJQHWLF VSHFWUXP DUH 3 DQG E

3 5
$ JDPPD UP\ UDGLR
% LQIUDUHG XOQWUDYLROHW
& UDGLR JDPPD UD\
' XOWUDYLROHW LQIUDUHG
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$Q DVWURQRPHU REVHUYHV UHGVKLI®@DILYQ WKH OLJKW IURP D GL\

'KLFK VWDWHPHQW DERXW UHGVKLIW LV FRUUHFW"
$ W LV WKH GHFUHDVH LQ WKH REVHUWMG @D YR e HMAHIG RQ U KIS
% ,W LV HYLGHQFH W KW RWKM UDFLW HYX B QG %DIRIUTKH R \

& ,W LV HYLGHQFH WKDW WKH 8QLYHUVH6LY ¥ PSIQTKHRIUDNQG V X
' BHGVKLIW LV ZKHQ OLJKW IURP UHFHGLQJ JDOD[LHVY DSSHDUV
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%/$1. 3%*(

B3HUPLVVLRQ WR UHSURGXFH LWHPV ZKHBHRWHKIFWEH SDE\WRE RRSAQ HIX WDIWHUQBOXGHGZKIBYHESRQVIVREBKWY BC
UHDVRQDEOH HIITRUWEKDWKHHIXE @®DWGKHHU FB&FES\WRIMMVIKXKROGHUYV EXW LI DQ\ LWMREVWWIQLOL @ H FQ HQF D!
SXEOLVKHU ZLOO EHISRHIOAH G WV R/ oHD MOEHU R § B R WWSRKRQ/IMLL E

7R DYRLG WKH LVVXH RI GLVFORVXUH RVRDBN@B UGDHADHDW HIZO O QFR S PUDIW KRVQ D F N Q RZIOGHE JHP MKWV & DB H UUL
$VVHVVPHQW ,QWH UIQRQVER S DU J KW FDRN Q FRRARINHOGIW P FIQWVLY% SURGXFHG IRU HDFKIVUHHDRK\D RD IH) D E DGIDW/R RAR
DW ZZZ FDPEULGJH L QWHWHID WKRRMODRULRIY V H

&DPEULGJH $VVHVVPHQW ,QWHUQDWLRQDB $8XAVWRRQW VEDPEW L’ & BVE/HIMG/ P H Q W LIWH WAKLHW E (RD G REDUPLHG
/RFDO ([DPLQDWLRQV 6\QGLFDWH 8&/(6 WRKLERLVH DVE WS IRU VEPRE WL H
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