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Experiment 12: Focal Length and 
Magnification of a Thin Lens

Purpose

!"#$/5:/3,#$39$0"-,$#</#:-2#40$-,$03$8#0#:2-4#$0"#$93.+7$7#4B0"$39$+$0"-4$7#4,$+48$03$
2#+,5:#$0"#$2+B4-9-.+0-34$93:$+$.#:0+-4$.32F-4+0-34$39$3FH#.0$+48$-2+B#$8-,0+4.#,=

Theory 

A3:$+$0"-4$7#4,Y

($6709>79*

6"#:#$,$-,$93.+7$7#4B0"C$&3$-,$0"#$8-,0+4.#$F#06##4$0"#$3FH#.0$+48$0"#$7#4,C$+48$&-$-,$0"#$
8-,0+4.#$F#06##4$0"#$-2+B#$+48$0"#$7#4,=$*1$2#+,5:-4B$&3$+48$&-$0"#$93.+7$7#4B0"$.+4$
F#$8#0#:2-4#8=

O+B4-9-.+0-34C$?C$-,$0"#$:+0-3$39$-2+B#$,-G#$03$3FH#.0$,-G#=$K9$0"#$-2+B#$-,$-4;#:0#8C$?$
-,$4#B+0-;#=

Part I: Object at Infinity

K4$0"-,$/+:0C$135$6-77$8#0#:2-4#$0"#$93.+7$7#4B0"$39$0"#$7#4,$F1$2+D-4B$+$,-4B7#$2#+E
,5:#2#40$39$&-$6-0"$ =

Procedure 

!" i378$0"#$7#4,$-4$34#$"+48$+48$0"#$,.:##4$-4$0"#$30"#:$"+48=$A3.5,$0"#$-2+B#$39$+$
&2@/)'/$F:-B"0$3FH#.0$Q,5."$+,$+$6-4836$3:$7+2/$+.:3,,$0"#$:332R$34$0"#$,.:##4=

-" i+;#$135:$/+:04#:$2#+,5:#$0"#$8-,0+4.#$9:32$0"#$7#4,$03$0"#$,.:##4=$!"-,$-,$0"#$
-2+B#$8-,0+4.#C$&-=

&-$b$aaaaaaaaaaaaaaa

Analysis

!" &,$&3$+//:3+."#,$-49-4-01C$6"+0$83#,$?l&3$+//:3+."^

Required Equipment from Basic Optics System

Light Source

Bench

Converging lens of unknown focal length1

1Instructors: see note on page 63.

Screen

Other Equipment

Metric ruler

Optics Caliper (optional, for measuring image sizes), PASCO part OS-8468
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-" J,#$0"#$!"-4$X#4,$A3:257+$QSI5+0-34$?L=?R$03$.+7.57+0#$0"#$93.+7$7#4B0"=$

,$b$aaaaaaaaaaaaaaa$

Part II: Object Closer Than Infinity

K4$0"-,$/+:0C$135$6-77$8#0#:2-4#$0"#$93.+7$7#4B0"$F1$2#+,5:-4B$,#;#:+7$/+-:,$39$3FH#.0$
+48$-2+B#$8-,0+4.#,$+48$/7300-4B$?l&3$;#:,5,$?l&-=

Figure 12.1

Procedure

!" %7+.#$0"#$7-B"0$,35:.#$+48$0"#$,.:##4$34$0"#$3/0-.,$F#4."$?$2$+/+:0$6-0"$0"#$7-B"0$
,35:.#>,$.:3,,#8E+::36$3FH#.0$036+:8$0"#$,.:##4=$%7+.#$0"#$7#4,$F#06##4$0"#2$
Q,##$A-B5:#$?L=?R=

-" '0+:0-4B$6-0"$0"#$7#4,$.73,#$03$0"#$,.:##4C$,7-8#$0"#$7#4,$+6+1$9:32$0"#$,.:##4$03$+$
/3,-0-34$6"#:#$+$.7#+:$-2+B#$39$0"#$.:3,,#8E+::36$3FH#.0$-,$93:2#8$34$0"#$,.:##4=$
O#+,5:#$0"#$-2+B#$8-,0+4.#$+48$0"#$3FH#.0$8-,0+4.#=$V#.3:8$0"#,#$2#+,5:#2#40,$
Q+48$+77$2#+,5:#2#40,$9:32$0"#$937736-4B$,0#/,R$-4$!+F7#$?L=?=

1" O#+,5:#$0"#$3FH#.0$,-G#$+48$0"#$-2+B#$,-G#$93:$0"-,$/3,-0-34$39$0"#$7#4,=$

6" ]-0"350$23;-4B$0"#$,.:##4$3:$0"#$7-B"0$,35:.#C$23;#$0"#$7#4,$03$+$,#.348$/3,-0-34$
6"#:#$0"#$-2+B#$-,$-4$93.5,=$O#+,5:#$0"#$-2+B#$8-,0+4.#$+48$0"#$3FH#.0$8-,0+4.#=

<" O#+,5:#$0"#$3FH#.0$,-G#$+48$-2+B#$,-G#$93:$0"-,$/3,-0-34$+7,3=$_30#$0"+0$135$6-77$
430$,##$0"#$#40-:#$.:3,,#8E+::36$/+00#:4=$K4,0#+8C$2#+,5:#$0"#$-2+B#$+48$3FH#.0$
,-G#,$+,$0"#$8-,0+4.#$F#06##4$063$-48#<$2+:D,$34$0"#$/+00#:4$Q,##$A-B5:#$?L=L$93:$
#<+2/7#R=

?" V#/#+0$,0#/,$L$+48$\$6-0"$7-B"0$,35:.#E03E,.:##4$8-,0+4.#,$39$UM$.2C$dM$.2C$@M$
.2C$TM$.2C$+48$NM$.2=$A3:$#+."$7-B"0$,35:.#E03E,.:##4$8-,0+4.#C$9-48$/5.$7#4,$
/3,-0-34,$6"#:#$.7#+:$-2+B#,$+:#$93:2#8=$Qe35$834>0$4##8$03$2#+,5:#$-2+B#$+48$
3FH#.0$,-G#,=R=$

Analysis Part A: Focal Length

!" (+7.57+0#$?l&3$+48$?l&-$93:$+77$?L$:36,$-4$!+F7#$?L=?=$

-" %730$?l&3$;#:,5,$?l&-$+48$9-48$0"#$F#,0E9-0$7-4#$Q7-4#+:$9-0R=$!"-,$6-77$B-;#$+$,0:+-B"0$
7-4#$6-0"$0"#$<E$+48$1E-40#:.#/0,$#I5+7$03$?l,=$V#.3:8$0"#$-40#:.#/0,$Q-4.758-4B$
54-0,R$"#:#Y

1E-40#:.#/0$b$?l,0A0aaaaaaaaaaaaaaa

<E-40#:.#/0$b$?l,0A0aaaaaaaaaaaaaaa$

Note: You can plot the data and find the best-fit line on paper or on a computer.
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Figure 12.2
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1" A3:$#+."$-40#:.#/0C$.+7.57+0#$+$;+75#$39$,$+48$:#.3:8$-0$-4$!+F7#$?L=L=

6" A-48$0"#$/#:.#40$8-99#:#4.#$F#06##4$0"#,#$063$;+75#,$39$,$+48$:#.3:8$0"#2$-4$
!+F7#$?L=L=

<" &;#:+B#$0"#,#$063$;+75#,$39$,7$A-48$0"#$/#:.#40$8-99#:#4.#$F#06##4$0"-,$+;#:+B#$
+48$0"#$93.+7$7#4B0"$0"+0$135$93548$-4$%+:0$K=$V#.3:8$0"#,#$8+0+$-4$!+F7#$?L=L=

Analysis Part B: Magnification

!" A3:$0"#$9-:,0$063$8+0+$/3-40,$3471$Q0"#$9-:,0$063$7-4#,$39$!+F7#$?L=LRC$5,#$0"#$-2+B#$
+48$3FH#.0$8-,0+4.#,$03$.+7.57+0#$0"#$2+B4-9-.+0-34C$?C$+0$#+."$/3,-0-34$39$0"#$
7#4,=$V#.3:8$0"#$:#,570,$-4$!+F7#$?L=Z=

($6709>7>*

Table 12.1: Image and Object Distances

Distance from 
light source to 

screen &3 &- ?l&3 ?l&- Image Size Object Size

100 cm

90 cm

80 cm

70 cm

60 cm

50 cm

Table 12.2: Focal Length

,

Result from x-intercept

Result from y-intercept

% difference between results from intercepts

Average of results from intercepts

Result from Part I

% difference between Average of results from intercepts and result from Part I

?
&-
&3
EEEEEfb
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-" (+7.57+0#$0"#$+F,3750#$;+75#$39$?$Q93:$#+."$39$0"#$063$7#4,$/3,-0-34,R$5,-4B$135:$
2#+,5:#2#40,$39$0"#$-2+B#$,-G#$+48$3FH#.0$,-G#=$V#.3:8$0"#$:#,570,$-4$!+F7#$?L=Z=

($6709>7B*

1" (+7.57+0#$0"#$/#:.#40$8-99#:#4.#,$F#06##4$0"#$+F,3750#$;+75#,$39$?$93548$5,-4B$
0"#$063$2#0"38,=$V#.3:8$0"#$:#,570,$-4$!+F7#$?L=Z=

Questions 

!" K,$0"#$-2+B#$93:2#8$F1$0"#$7#4,$5/:-B"0$3:$-4;#:0#8^$

-" K,$0"#$-2+B#$:#+7$3:$;-:05+7^$i36$83$135$D436^$

1" S</7+-4$6"1C$93:$+$B-;#4$,.:##4E03E3FH#.0$8-,0+4.#C$0"#:#$+:#$063$7#4,$/3,-0-34,$
6"#:#$+$.7#+:$-2+B#$93:2,=$

6" *1$733D-4B$+0$0"#$-2+B#C$"36$.+4$135$0#77$0"+0$0"#$2+B4-9-.+0-34$-,$4#B+0-;#^

<" e35$2+8#$0":##$,#/+:+0#$8#0#:2-4+0-34,$39$,$QF1$2#+,5:-4B$-0$8-:#.071$6-0"$+$8-,E
0+40$3FH#.0C$9:32$0"#$<E-40#:.#/0$39$135:$B:+/"C$+48$9:32$0"#$1E-40#:.#/0R=$]"#:#$
0"#,#$0":##$;+75#,$#I5+7^$K9$0"#1$6#:#$430C$6"+0$2-B"0$+..3540$93:$0"#$;+:-+0-34^

? -2+B#$,-G#
3FH#.0$,-G#
EEEEEEEEEEEEEEEEEEEEEEEEEb

Table 12.3: Magnification

Point 1 Point 2

 calculated from image and object distances

 calculated from image and object sizes

% difference

?

?
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Experiment 13: Focal Length and 
Magnification of a Concave Mirror

Purpose

!"#$/5:/3,#$39$0"-,$#</#:-2#40$-,$03$8#0#:2-4#$0"#$93.+7$7#4B0"$39$+$.34.+;#$2-::3:$
+48$03$2#+,5:#$0"#$2+B4-9-.+0-34$93:$+$.#:0+-4$.32F-4+0-34$39$3FH#.0$+48$-2+B#$8-,E
0+4.#,=

Theory 

A3:$+$,/"#:-.+771$.5:;#8$2-::3:Y

($6709B79*

6"#:#$,$-,$93.+7$7#4B0"C$&3$-,$0"#$8-,0+4.#$F#06##4$0"#$3FH#.0$+48$0"#$2-::3:C$+48$&-$-,$
0"#$8-,0+4.#$F#06##4$0"#$-2+B#$+48$0"#$2-::3:=$*1$2#+,5:-4B$&3$+48$&-$0"#$93.+7$
7#4B0"$.+4$F#$8#0#:2-4#8=

O+B4-9-.+0-34C$?C$-,$0"#$:+0-3$39$-2+B#$,-G#$03$3FH#.0$,-G#=$K9$0"#$-2+B#$-,$-4;#:0#8C$?$
-,$4#B+0-;#=

Part I: Object at Infinity

K4$0"-,$/+:0C$135$6-77$8#0#:2-4#$0"#$93.+7$7#4B0"$39$0"#$2-::3:$F1$2+D-4B$+$,-4B7#$2#+E
,5:#2#40$39$&-$6-0"$ =

Procedure 

!" i378$0"#$2-::3:$-4$34#$"+48$+48$0"#$"+79E,.:##4$-4$0"#$30"#:$"+48=$J,#$0"#$.34E
.+;#$,-8#$39$0"#$2-::3:$03$93.5,$0"#$-2+B#$39$+$&2@/)'/$F:-B"0$3FH#.0$Q,5."$+,$+$
6-4836$3:$7+2/$+.:3,,$0"#$:332R$34$0"#$"+79E,.:##4=$Q'##$A-B5:#$?Z=?=R

-" i+;#$135:$/+:04#:$2#+,5:#$0"#$8-,0+4.#$9:32$0"#$2-::3:$03$0"#$,.:##4=$!"-,$-,$0"#$
-2+B#$8-,0+4.#C$&-=

&-$b$aaaaaaaaaaaaaaa

Analysis

!" &,$&3$+//:3+."#,$-49-4-01C$6"+0$83#,$?l&3$+//:3+."^

Required Equipment from Basic Optics System

Light Source

Bench

Concave/convex Mirror

Half-screen

Other Equipment

Metric ruler

Optics Caliper (optional, for measuring image sizes), PASCO part OS-8468

?
,
EEE ?

&3
EEEEE ?

&-
EEEEnb

&3
:#(&3.&
;45-,&

<3=9>(,+--.

2#++)+

?13$-

Figure 13.1
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-" J,#$0"#$SI5+0-34$?Z=?$03$.+7.57+0#$0"#$93.+7$7#4B0"=$

,$b$aaaaaaaaaaaaaaa$

Part II: Object Closer Than Infinity

K4$0"-,$/+:0C$135$6-77$8#0#:2-4#$0"#$93.+7$7#4B0"$39$0"#$2-::3:$F1$2#+,5:-4B$,#;#:+7$
/+-:,$39$3FH#.0$+48$-2+B#$8-,0+4.#,$+48$/7300-4B$?l&3$;#:,5,$?l&-=

Figure 13.2

Procedure

!" %7+.#$0"#$7-B"0$,35:.#$+48$0"#$2-::3:$34$0"#$3/0-.,$F#4."$NM$.2$+/+:0$6-0"$0"#$
7-B"0$,35:.#>,$.:3,,#8E+::36$3FH#.0$036+:8$0"#$2-::3:$+48$0"#$.34.+;#$,-8#$39$0"#$
2-::3:$036+:8$0"#$7-B"0$,35:.#=$%7+.#$0"#$"+79E,.:##4$F#06##4$0"#2$Q,##$A-B5:#$
?Z=LR=

-" '7-8#$0"#$"+79E,.:##4$03$+$/3,-0-34$6"#:#$+$.7#+:$-2+B#$39$0"#$.:3,,#8E+::36$
3FH#.0$-,$93:2#8=$O#+,5:#$0"#$-2+B#$8-,0+4.#$+48$0"#$3FH#.0$8-,0+4.#=$V#.3:8$
0"#,#$2#+,5:#2#40,$Q+48$+77$2#+,5:#2#40,$9:32$0"#$937736-4B$,0#/,R$-4$!+F7#$
?Z=?=

1" V#/#+0$,0#/$L$6-0"$3FH#.0$8-,0+4.#,$39$\N$.2C$\M$.2C$ZN$.2C$ZM$.2C$LN$.2=

6" ]-0"$0"#$2-::3:$+0$LN$.2$9:32$0"#$7-B"0$,35:.#$+48$+$.7#+:$-2+B#$93:2#8$34$0"#$
"+79E,.:##4C$2#+,5:#$0"#$3FH#.0$,-G#$+48$-2+B#$,-G#=$!3$2#+,5:#$0"#$-2+B#$,-G#C$
"378$+$,2+77$,.:+/$39$/+/#:$+B+-4,0$0"#$"+79E,.:##4$+48$2+:D$063$3//3,-0#$/3-40,$
34$0"#$.:3,,#8E+::36$/+00#:4$Q,##$A-B5:#$?Z=ZR=$K9$+0$7#+,0$"+79$39$0"#$/+00#:4$-,$430$
;-,-F7#$34$0"#$,.:##4C$"+;#$135:$/+:04#:$,7-B"071$06-,0$0"#$2-::3:$03$F:-4B$23:#$39$
0"#$-2+B#$-403$;-#6=$V#23;#$0"#$/+/#:$+48$2#+,5:#$F#06##4$0"#$/3-40,=$O#+,5:#$
0"#$3FH#.0$,-G#$F#06##4$0"#$.3::#,/348-4B$/3-40,$8-:#.071$34$0"#$7-B"0$,35:.#=$

Table 13.1: Image and Object Distances

&3 &- ?l&3 ?l&- Image Size Object Size

50.0 cm

45.0 cm

40.0 cm

35.0 cm

30.0 cm

25.0 cm

"#$%&'()*+,- <3=9>(,+--. 2#++)+

@A,1

?13$-
(#6-

Figure 13.3
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Analysis Part A: Focal Length

!" (+7.57+0#$?l&3$+48$?l&-$93:$+77$,-<$:36,$-4$!+F7#$?Z=?=$

-" %730$?l&3$;#:,5,$?l&-$+48$9-48$0"#$F#,0E9-0$7-4#$Q7-4#+:$9-0R=$!"-,$6-77$B-;#$+$,0:+-B"0$
7-4#$6-0"$0"#$<E$+48$1E-40#:.#/0,$#I5+7$03$?l,=$V#.3:8$0"#$-40#:.#/0,$Q-4.758-4B$
54-0,R$"#:#Y

1E-40#:.#/0$b$?l,0A0aaaaaaaaaaaaaaa

<E-40#:.#/0$b$?l,0A0aaaaaaaaaaaaaaa$

Note: You can plot the data and find the best-fit line on paper or on a computer.

1" A3:$#+."$-40#:.#/0C$.+7.57+0#$+$;+75#$39$,$+48$:#.3:8$-0$-4$!+F7#$?Z=L=

6" A-48$0"#$/#:.#40$8-99#:#4.#$F#06##4$0"#,#$063$;+75#,$39$,$+48$:#.3:8$0"#2$-4$
!+F7#$?Z=L=

<" &;#:+B#$0"#,#$063$;+75#,$39$,7$A-48$0"#$/#:.#40$8-99#:#4.#$F#06##4$0"-,$+;#:+B#$
+48$0"#$93.+7$7#4B0"$0"+0$135$93548$-4$%+:0$K=$V#.3:8$0"#,#$8+0+$-4$!+F7#$?Z=L=

Analysis Part B: Magnification

!" A3:$0"#$7+,0$8+0+$/3-40$3471$Q&3 b LN .2RC$5,#$0"#$-2+B#$+48$3FH#.0$8-,0+4.#,$03$
.+7.57+0#$0"#$2+B4-9-.+0-34C$?=$V#.3:8$0"#$:#,570,$-4$!+F7#$?Z=Z=

($6709B7>*

-" (+7.57+0#$0"#$+F,3750#$;+75#$39$?$5,-4B$135:$2#+,5:#2#40,$39$0"#$-2+B#$,-G#$+48$
3FH#.0$,-G#=$V#.3:8$0"#$:#,570,$-4$!+F7#$?Z=Z=

($6709B7B*

Table 13.2: Focal Length

,

Result from x-intercept

Result from y-intercept

% difference between results from intercepts

Average of results from intercepts

Result from Part I

% difference between Average of results from intercepts and result from Part I

?
&-
&3
EEEEEfb

? -2+B#$,-G#
3FH#.0$,-G#
EEEEEEEEEEEEEEEEEEEEEEEEEb
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1" (+7.57+0#$0"#$/#:.#40$8-99#:#4.#,$F#06##4$0"#$+F,3750#$;+75#,$39$?$93548$5,-4B$
0"#$063$2#0"38,=$V#.3:8$0"#$:#,570,$-4$!+F7#$?Z=Z=

Questions 

!" K,$0"#$-2+B#$93:2#8$F1$0"#$2-::3:$5/:-B"0$3:$-4;#:0#8^$

-" K,$0"#$-2+B#$:#+7$3:$;-:05+7^$i36$83$135$D436^$

1" *1$733D-4B$+0$0"#$-2+B#C$"36$.+4$135$0#77$0"+0$0"#$2+B4-9-.+0-34$-,$4#B+0-;#^

6" e35$2+8#$0":##$,#/+:+0#$8#0#:2-4+0-34,$39$,$QF1$2#+,5:-4B$-0$8-:#.071$6-0"$+$8-,E
0+40$3FH#.0C$9:32$0"#$<E-40#:.#/0$39$135:$B:+/"C$+48$9:32$0"#$1E-40#:.#/0R=$]"#:#$
0"#,#$0":##$;+75#,$#I5+7^$K9$0"#1$6#:#$430C$6"+0$2-B"0$+..3540$93:$0"#$;+:-+0-34^

Table 13.3: Magnification

 calculated from image and object distances

 calculated from image and object sizes

% difference

?

?
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Experiment 14: Virtual Images

Purpose

K4$0"-,$#</#:-2#40C$135$6-77$,0581$;-:05+7$-2+B#,$93:2#8$F1$+$8-;#:B-4B$7#4,$+48$+$
.34;#<$2-::3:=

Theory

&$;-:05+7$-2+B#$.+4430$F#$;-#6#8$34$+$,.:##4=$K0$93:2,$6"#:#$0"#$F+.D6+:8,$#<0#4E
,-34,$39$8-;#:B-4B$:+1,$.:3,,=$e35$.+4$,##$+$;-:05+7$-2+B#$F1$733D-4B$+0$-0$0":35B"$+$
7#4,$3:$2-::3:=$X-D#$+77$-2+B#,C$+$;-:05+7$-2+B#$93:2#8$F1$+$7#4,$3:$2-::3:$.+4$,#:;#$+,$
0"#$3FH#.0$39$+430"#:$7#4,$3:$2-::3:=

Part I: Virtual Image Formed by a Diverging Lens

K4$0"-,$/+:0C$135$6-77$,#0$5/$+$8-;#:B-4B$7#4,$03$93:2$+$;-:05+7$-2+B#=$e35$6-77$0"#4$5,#$
+430"#:$7#4,$03$93:2$+$:#+7$-2+B#$39$0"#$;-:05+7$-2+B#=$K4$0"-,$6+1$135$.+4$-8#40-91$0"#$
73.+0-34$39$0"#$;-:05+7$-2+B#=

Procedure 

!" %7+.#$0"#$E?NM$22$7#4,$34$0"#$F#4."$+0$0"#$ZM$.2$2+:D=

-" %7+.#$0"#$7-B"0$,35:.#$+0$0"#$?M$.2$2+:D$6-0"$0"#$.:3,,#8E+::36$3FH#.0$036+:8$0"#$
7#4,=

1" V#.3:8$0"#$3FH#.0$8-,0+4.#$&3?$Q0"#$8-,0+4.#$F#06##4$0"#$7-B"0$,35:.#$+48$0"#$
7#4,R$-4$!+F7#$?\=?=

Figure 14.1

Required Equipment from Basic Optics System

Light Source
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-150 mm lens

+200 mm lens

Viewing screen

Concave/convex Mirror

Half-screen

Other Equipment
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6" X33D$0":35B"$0"#$7#4,$036+:8$0"#$7-B"0$,35:.#$Q,##$A-B5:#$?\=?R=$P#,.:-F#$0"#$
-2+B#=$K,$-0$5/:-B"0$3:$-4;#:0#8^$P3#,$-0$+//#+:$03$F#$7+:B#:$3:$,2+77#:$0"+4$0"#$
3FH#.0^$

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

<" ]"-."$83$135$0"-4D$-,$.73,#:$03$0"#$7#4,Y$0"#$-2+B#$3:$0"#$3FH#.0^$]"1$83$135$
0"-4D$,3^

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

?" %7+.#$0"#$nLMM$22$7#4,$34$0"#$F#4."$+416"#:#$F#06##4$0"#$NM$.2$+48$dM$.2$
2+:D,=$V#.3:8$0"#$/3,-0-34$"#:#= aaaaaaaaaaaaa

B" %7+.#$0"#$;-#6-4B$,.:##4$F#"-48$0"#$/3,-0-;#$7#4,$Q,##$A-B5:#$?\=LR=$'7-8#$0"#$
,.:##4$03$+$/3,-0-34$6"#:#$+$.7#+:$-2+B#$-,$93:2#8$34$-0=$V#.3:8$0"#$/3,-0-34$
"#:#= aaaaaaaaaaaaa

Figure 14.2

!"#$:#+7$-2+B#$0"+0$135$,##$34$0"#$,.:##4$-,$93:2#8$F1$0"#$/3,-0-;#$7#4,$6-0"$0"#$;-:E
05+7$-2+B#$Q93:2#8$F1$0"#$4#B+0-;#$7#4,R$+.0-4B$+,$0"#$3FH#.0=$K4$0"#$937736-4B$,0#/,C$
135$6-77$8-,.3;#:$0"#$73.+0-34$39$0"#$;-:05+7$-2+B#$F1$:#/7+.-4B$-0$6-0"$0"#$7-B"0$
,35:.#=

D" V#23;#$0"#$4#B+0-;#$7#4,$9:32$0"#$F#4."=$]"+0$"+//#4,$03$0"#$-2+B#$34$0"#$
,.:##4^aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

I" '7-8#$0"#$7-B"0$,35:.#$03$+$4#6$/3,-0-34$,3$0"+0$+$.7#+:$-2+B#$-,$93:2#8$34$0"#$
,.:##4=$QP3$430$23;#$0"#$/3,-0-;#$7#4,$3:$0"#$,.:##4=R$]:-0#$0"#$F#4."$/3,-0-34$39$
0"#$7-B"0$,35:.#$"#:#= aaaaaaaaaaaaa

Figure 14.3
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Analysis

!"#$.5::#40$/3,-0-34$39$0"#$7-B"0$,35:.#$-,$-8#40-.+7$03$0"#$/:#;-35,$/3,-0-34$39$0"#$;-:E
05+7$-2+B#=$

!" (+7.57+0#$0"#$;-:05+7$-2+B#$8-,0+4.#$&-?$Q0"#$8-,0+4.#$F#06##4$0"#$4#B+0-;#$7#4,$
+48$0"#$;-:05+7$-2+B#R=$V#2#2F#:$0"+0$-0$-,$+$4#B+0-;#=$V#.3:8$-0$-4$!+F7#$?\=?=

-" (+7.57+0#$0"#$2+B4-9-.+0-34$+48$:#.3:8$-0$-4$!+F7#$?\=?=

($6709C79*

Questions

!" i36$83$135$D436$0"+0$0"#$.5::#40$/3,-0-34$39$0"#$7-B"0$,35:.#$-,$-8#40-.+7$03$0"#$
/3,-0-34$39$0"#$;-:05+7$-2+B#$6"#4$0"#$4#B+0-;#$7#4,$6+,$34$0"#$F#4."^

-" K4$,0#/$N$39$0"#$/:3.#85:#C$135$/:#8-.0#8$0"#$/3,-0-34$39$0"#$;-:05+7$-2+B#$:#7+0-;#$
03$0"#$7-B"0$,35:.#=$]+,$135:$/:#8-.0-34$.3::#.0^

1" K,$??$/3,-0-;#$3:$4#B+0-;#^$i36$83#,$0"-,$:#7+0#$03$0"#$+//#+:+4.#$39$0"#$-2+B#^

6" P:+6$+$,.+7#$8-+B:+2$,"36-4B$0"#$7-B"0$,35:.#$-4$-0,$3:-B-4+7$/3,-0-34C$F30"$
7#4,#,C$0"#$,.:##4C$+48$F30"$-2+B#,=$X+F#7$#;#:1$/+:0=

<" P:+6$+430"#:$8-+B:+2$+0$0"#$,+2#$,.+7#$,"36-4B$0"#$7-B"0$,35:.#$-4$-0,$9-4+7$/3,-E
0-34C$0"#$/3,-0-;#$7#4,C$0"#$,.:##4C$+48$0"#$-2+B#=

Part II: Virtual Image Formed by a Convex Mirror

K4$0"-,$/+:0C$135$6-77$9-48$0"#$73.+0-34$39$+$;-:05+7$-2+B#$93:2#8$F1$.34;#<$2-::3:=

Procedure

!" '0-.D$+$/-#.#$39$0+/#$03$0"#$;-#6-4B$,.:##4$+48$8:+6$+$;#:0-.+7$7-4#$34$-0$+,$,"364$
-4$A-B5:#$?\=\=

-" %7+.#$0"#$"+79E,.:##4$34$0"#$F#4."$4#+:$34#$#48=$!5:4$0"#$,.:##4$,3$-0,$#8B#$-,$
;#:0-.+7$Q,##$A-B5:#$?\=NR=

1" %7+.#$0"#$.34.+;#l.34;#<$2-::3:$34$0"#$F#4."C$+F350$LM$.2$9:32$0"#$"+79E,.:##4C$
6-0"$0"#$.34;#<$,-8#$9+.-4B$0"#$"+79E,.:##4=

Table 14.1: Negative Lens

&3?
&-?
??

??
&-?
&3?
EEEEEEEEfb

Figure 14.4

Figure 14.5
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6" X33D$0":35B"$0"#$"+79E,.:##4$-403$0"#$2-::3:=$P#,.:-F#$0"#$-2+B#$39$0"#$
"+79E,.:##4=$K,$-0$5/:-B"0$3:$-4;#:0#8^$P3#,$-0$+//#+:$03$F#$7+:B#:$3:$,2+77#:$0"+4$
0"#$3FH#.0^$

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

<" o5#,,$6"#:#$0"#$-2+B#$-,=$%7+.#$0"#$;-#6-4B$,.:##4$34$0"#$F#4."$+0$0"-,$73.+0-34$
Q,##$A-B5:#$?\=TR=

K4$0"#$937736-4B$,0#/,C$135$6-77$+8H5,0$0"#$/3,-0-34$39$0"#$;-#6-4B$,.:##4$,3$0"+0$-0$-,$-4$
0"#$,+2#$/7+.#$+,$0"#$;-:05+7$-2+B#=$

?" X33D$3;#:$0"#$03/$39$0"#$"+79E,.:##4$QA-B5:#$?\=@+R$,3$0"+0$135$.+4$,##$0"#$;-:05+7$
-2+B#$39$0"#$"+79E,.:##4$+48$0"#$7-4#$8:+64$34$0"#$;-#6-4B$,.:##4$+0$0"#$,+2#$
0-2#$QA-B5:#$?\=@FR=

 

B" O3;#$135:$"#+8$7#90$+48$:-B"0$F1$+$9#6$.#40-2#0#:,=$K9$0"#$7-4#$34$0"#$;-#6-4B$
,.:##4$+48$0"#$-2+B#$39$0"#$"+79E,.:##4$+:#$430$+0$0"#$,+2#$8-,0+4.#$9:32$135:$
#1#C$0"#1$6-77$+//#+:$03$23;#$:#7+0-;#$03$#+."$30"#:=$!"-,$#99#.0$-,$D4364$+,$/+:E
+77+<=

D" &8H5,0$0"#$/3,-0-34$39$0"#$,.:##4$+48$."#.D$93:$/+:+77+<$+B+-4=$V#/#+0$0"-,$,0#/$
540-7$0"#:#$-,$43$/+:+77+<$F#06##4$0"#$7-4#$+48$0"#$-2+B#=$]"#4$135$23;#$135:$
"#+8C$0"#1$,"3578$+//#+:$03$F#$j,05.Dk$03B#0"#:=

Analysis

!"#$;-#6-4B$,.:##4$-,$436$-4$0"#$,+2#$73.+0-34$+,$0"#$;-:05+7$-2+B#=

!" V#.3:8$0"#$3FH#.0$8-,0+4.#$&3$-4$!+F7#$?\=L=

-" (+7.57+0#$0"#$-2+B#$8-,0+4.#$&-$Q0"#$8-,0+4.#$F#06##4$0"#$2-::3:$+48$0"#$;-:05+7$
-2+B#R=$V#2#2F#:$0"+0$-0$-,$+$4#B+0-;#=$V#.3:8$-0$-4$!+F7#$?\=L=

<3=9>
(,+--.

2#++)+

I).J-K'(#G-

L#-7#.$
(,+--.

Figure 14.6
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Figure 14.7a

Figure 14.7b
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1" J,#$&3$+48$&-$03$.+7.57+0#$0"#$2+B4-9-.+0-34$+48$:#.3:8$-0$-4$!+F7#$?\=?=

Questions

!" K,$0"#$2+B4-058#$39$&-$7#,,$0"+4$3:$B:#+0#:$0"+4$&3^$K9$135$:#/7+.#$0"#$.34;#<$2-:E
:3:$6-0"$+$/7+4#$2-::3:C$6"+0$63578$F#$0"#$:#7+0-34,"-/$F#06##4$&-$+48$&3^

-" K,$?$/3,-0-;#$3:$4#B+0-;#^$i36$83#,$0"-,$:#7+0#$03$0"#$+//#+:+4.#$39$0"#$-2+B#^

1" P:+6$+$,.+7#$8-+B:+2$,"36-4B$0"#$"+79E,.:##4C$2-::3:C$;-#6-4B$,.:##4C$+48$;-:E
05+7$-2+B#=$X+F#7$#;#:1$/+:0=

Table 14.2: Convex Mirror

&3
&-
?


