
!

Model No. OS-8515C  Exper iment 3:  Ref lect ion

13

Experiment 3: Reflection

Purpose

K4$0"-,$#</#:-2#40C$135$6-77$,0581$"36$:+1,$+:#$:#97#.0#8$9:32$8-99#:#40$01/#,$39$2-:E
:3:,=$e35$6-77$2#+,5:#$0"#$93.+7$7#4B0"$+48$8#0#:2-4#$0"#$:+8-5,$39$.5:;+05:#$39$+$.34E
.+;#$2-::3:$+48$+$.34;#<$2-::3:=

Part 1: Plane Mirror

Procedure

!" %7+.#$0"#$7-B"0$,35:.#$-4$:+1EF3<$238#$34$+$F7+4D$,"##0$39$
6"-0#$/+/#:=$!5:4$0"#$6"##7$03$,#7#.0$+$,-4B7#$:+1=$

-" %7+.#$0"#$2-::3:$34$0"#$/+/#:=$%3,-0-34$0"#$/7+4#$Q97+0R$,5:9+.#$
39$0"#$2-::3:$-4$0"#$/+0"$39$0"#$-4.-8#40$:+1$+0$+4$+4B7#$0"+0$
+7736,$135$03$.7#+:71$,##$0"#$-4.-8#40$+48$:#97#.0#8$:+1,=$

1" )4$0"#$/+/#:C$0:+.#$+48$7+F#7$0"#$,5:9+.#$39$0"#$/7+4#$2-::3:$
+48$0"#$-4.-8#40$+48$:#97#.0#8$:+1,=$K48-.+0#$0"#$-4.32-4B$+48$
0"#$350B3-4B$:+1,$6-0"$+::36,$-4$0"#$+//:3/:-+0#$8-:#.0-34,=$

6" V#23;#$0"#$7-B"0$,35:.#$+48$2-::3:$9:32$0"#$/+/#:=$)4$0"#$
/+/#:C$8:+6$0"#$43:2+7$03$0"#$,5:9+.#$Q+,$-4$A-B5:#$Z=?R=$

<" O#+,5:#$0"#$+4B7#$39$-4.-8#4.#$+48$0"#$+4B7#$39$:#97#.0-34=$O#+,5:#$0"#,#$+4B7#,$
9:32$0"#$43:2+7=$V#.3:8$0"#$+4B7#,$-4$0"#$9-:,0$:36$!+F7#$Z=?=$

?" V#/#+0$,0#/,$?fN$6-0"$+$8-99#:#40$+4B7#$39$-4.-8#4.#=$V#/#+0$0"#$/:3.#85:#$+B+-4$
03$.32/7#0#$!+F7#$Z=?$6-0"$0":##$8-99#:#40$+4B7#,$39$-4.-8#4.#=

B" !5:4$0"#$6"##7$34$0"#$7-B"0$,35:.#$03$,#7#.0$0"#$0":##$/:-2+:1$.373:$:+1,=$'"-4#$
0"#$.373:#8$:+1,$+0$+4$+4B7#$03$0"#$/7+4#$2-::3:=$O+:D$0"#$/3,-0-34$39$0"#$,5:9+.#$
39$0"#$/7+4#$2-::3:$+48$0:+.#$0"#$-4.-8#40$+48$:#97#.0#8$:+1,=$K48-.+0#$0"#$.373:,$39$

Required Equipment from Basic Optics System

Light Source

Mirror from Ray Optics Kit

Other Required Equipment

Drawing compass

Protractor

Metric ruler

White paper

Table 3.1: Plane Mirror Results

Angle of Incidence Angle of Reflection

"#$%&'#()*+,

-.*/+0)(.
12*3+$'

4'30'$('&)*+,

Figure 3.1
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0"#$-4.32-4B$+48$0"#$350B3-4B$:+1,$+48$2+:D$0"#2$6-0"$+::36,$-4$0"#$+//:3/:-+0#$
8-:#.0-34,=

Questions

!" ]"+0$-,$0"#$:#7+0-34,"-/$F#06##4$0"#$+4B7#,$39$-4.-8#4.#$+48$:#97#.0-34^$

-" &:#$0"#$0":##$.373:#8$:+1,$:#;#:,#8$7#90E03E:-B"0$F1$0"#$/7+4#$2-::3:^

Part 2: Cylindrical Mirrors 

Theory

&$.34.+;#$.17-48:-.+7$2-::3:$93.5,#,$-4.32-4B$/+:+77#7$:+1,$+0$-0,$93.+7$
/3-40=$!"#$93.+7$7#4B0"$Q , R$-,$0"#$8-,0+4.#$9:32$0"#$93.+7$/3-40$03$0"#$.#4E
0#:$39$0"#$2-::3:$,5:9+.#=$!"#$:+8-5,$39$.5:;+05:#$Q-R$39$0"#$2-::3:$-,$
06-.#$0"#$93.+7$7#4B0"=$'##$A-B5:#$Z=L=

Procedure 

!" !5:4$0"#$6"##7$34$0"#$7-B"0$,35:.#$03$,#7#.0$9-;#$/+:+77#7$:+1,=$'"-4#$
0"#$:+1,$,0:+-B"0$-403$0"#$.34.+;#$2-::3:$,3$0"+0$0"#$7-B"0$-,$:#97#.0#8$
F+.D$036+:8$0"#$:+1$F3<$Q,##$A-B5:#$Z=ZR=$!:+.#$0"#$,5:9+.#$39$0"#$
2-::3:$+48$0"#$-4.-8#40$+48$:#97#.0#8$:+1,=$K48-.+0#$0"#$-4.32-4B$
+48$0"#$350B3-4B$:+1,$6-0"$+::36,$-4$0"#$+//:3/:-+0#$8-:#.0-34,=$
Qe35$.+4$436$:#23;#$0"#$7-B"0$,35:.#$+48$2-::3:$9:32$0"#$/+/#:=R

-" !"#$/7+.#$6"#:#$0"#$9-;#$:#97#.0#8$:+1,$.:3,,$#+."$30"#:$-,$0"#$93.+7$
/3-40$39$0"#$2-::3:=$O+:D$0"#$93.+7$/3-40=$

1" O#+,5:#$0"#$93.+7$7#4B0"$9:32$0"#$.#40#:$39$0"#$.34.+;#$2-::3:$,5:E
9+.#$Q6"#:#$0"#$2-887#$:+1$"-0$0"#$2-::3:R$03$0"#$93.+7$/3-40=$V#.3:8$
0"#$:#,570$-4$!+F7#$Z=L=$

6" J,#$+$.32/+,,$03$8:+6$+$.-:.7#$0"+0$2+0."#,$0"#$.5:;+05:#$39$0"#$
2-::3:$Q135$6-77$"+;#$03$2+D#$,#;#:+7$0:-#,$6-0"$0"#$.32/+,,$,#0$03$
8-99#:#40$6-80",$F#93:#$135$9-48$0"#$:-B"0$34#R=$O#+,5:#$0"#$:+8-5,$
39$.5:;+05:#$+48$:#.3:8$-0$-4$!+F7#$Z=L=$

<" V#/#+0$,0#/,$?f\$93:$0"#$.34;#<$2-::3:=$_30#$0"+0$-4$,0#/$ZC$0"#$:#97#.0#8$:+1,$6-77$
8-;#:B#C$+48$0"#1$6-77$430$.:3,,=$J,#$+$:57#:$03$#<0#48$0"#$:#97#.0#8$:+1,$F+.D$
F#"-48$0"#$2-::3:>,$,5:9+.#=$!"#$93.+7$/3-40$-,$6"#:#$0"#,#$#<0#48#8$:+1,$.:3,,=

Questions

!" ]"+0$-,$0"#$:#7+0-34,"-/$F#06##4$0"#$93.+7$7#4B0"$39$+$.17-48:-.+7$2-::3:$+48$-0,$
:+8-5,$39$.5:;+05:#^$P3$135:$:#,570,$.349-:2$135:$+4,6#:^$

-" ]"+0$-,$0"#$:+8-5,$39$.5:;+05:#$39$+$/7+4#$2-::3:^

Table 3.2: Cylindrical Mirror Results

Concave Mirror Convex Mirror

Focal Length

Radius of Curvature 
(determined using compass)

!

"
"#$%&
'#()*

+(,,#,

Figure 3.2

-)$(./)*0,%12

Figure 3.3
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Experiment 6: Convex and Concave Lenses

Purpose

!"#$%&'#()*(+&,("$-#./0#1&22#()*2/+(#$%(#3&44(+("5(#6($1(("#5/"7()#8"3#5/"587(#
2("'('#8"3#3($(+,&"(#$%(&+#4/582#2("9$%':

Theory

;%("#*8+822(2#2&9%$#+8.'#*8''#$%+/09%#8#$%&"#2("'-#$%(.#(,(+9(#(&$%(+#5/"7(+9&"9#/+#
3&7(+9&"9:#<%(#*/&"$#1%(+(#$%(#5/"7(+9&"9#+8.'#=/+#$%(&+#()$("'&/"'>#5+/''#&'#$%(#!"#$%&
'"()*#/4#$%(#2("':#<%(#!"#$%&%+),*-#/4#$%(#2("'#&'#$%(#3&'$8"5(#4+/,#$%(#5("$(+#/4#$%(#2("'#
$/#$%(#4/582#*/&"$:#!4#$%(#+8.'#3&7(+9(-#$%(#4/582#2("9$%#&'#"(98$&7(:

Procedure 

!" ?285(#$%(#2&9%$#'/0+5(#&"#+8.@6/)#,/3(#/"#8#1%&$(#'%(($#/4#*8*(+:#<0+"#$%(#1%((2#
$/#'(2(5$#$%+((#*8+822(2#+8.':#A%&"(#$%(#+8.'#'$+8&9%$#&"$/#$%(#5/"7()#2("'#='((#B&9@
0+(#C:D>:

Note: The lenses used in this experiment have one flat edge. Place the flat edge on the 
paper so the lens stands stably without rocking.

#" <+85(#8+/0"3#$%(#'0+485(#/4#$%(#2("'#8"3#$+85(#$%(#&"5&3("$#8"3#$+8"',&$$(3#+8.':#
!"3&58$(#$%(#&"5/,&"9#8"3#$%(#/0$9/&"9#+8.'#1&$%#8++/1'#&"#$%(#8**+/*+&8$(#3&+(5@
$&/"':#

$" <%(#*/&"$#1%(+(#$%(#/0$9/&"9#+8.'#5+/''#&'#$%(#4/582#*/&"$#/4#$%(#2("':#E(8'0+(#
$%(#4/582#2("9$%#4+/,#$%(#5("$(+#/4#$%(#2("'#$/#$%(#4/582#*/&"$:#F(5/+3#$%(#+('02$#&"#
<862(#C:D:#

%" F(*(8$#$%(#*+/5(30+(#1&$%#$%(#5/"587(#2("':#G/$(#$%8$#&"#'$(*#H-#$%(#+8.'#2(87&"9#
$%(#2("'#8+(#3&7(+9&"9#8"3#3/#"/$#5+/'':#I'(#8#+02(+#$/#()$("3#$%(#/0$9/&"9#+8.'#
'$+8&9%$#685J#$%+/09%#$%(#2("':#<%(#4/582#*/&"$#&'#1%(+(#$%('(#()$("3(3#+8.'#5+/'':#
=F(,(,6(+#$/#+(5/+3#$%(#4/582#2("9$%#8'#8#"(98$&7(#"0,6(+:>

Required Equipment from Basic Optics System

Light Source

Convex Lens from Ray Optics Kit

Concave Lens from Ray Optics Kit

Other Required Equipment

Metric ruler

Table 6.1: Results

Convex Lens Concave Lens

Focal Length

"#$%&'#()*+,-

.%#/01)20#-

Figure 6.1
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!" !"#$%$&"%'()*"+%,)-%'()',*"%.")#"#%$(/"$&"0%,)-%1.,'"%$&"2%3)%$&"%1,$&%(4%$&"%
1,0,..".%0,5#%6#""%73/80"%9:;<:%=0,'"%$&"%0,5#:%>0"%$&"%(8$/(3)/%0,5#%'()*"0/3)/?%
-3*"0/3)/%(0%1,0,..".@%A&,$%-("#%$&3#%$"..%5(8%,B(8$%$&"%0".,$3()#&31%B"$C"")%$&"%
4(',.%.")/$&#%(4%$&"#"%$C(%.")#"#@%

#" D.3-"%$&"%'()*"+%,)-%'()',*"%.")#"#%,1,0$%B5%,%4"C%'")$32"$"0#%,)-%(B#"0*"%$&"%
"44"'$:%=&")%0"*"0#"%$&"%(0-"0%(4%$&"%.")#"#:%=0,'"%,$%.",#$%()"%1,$$"0)%(4%$&3#%$51":%
A&,$%3#%$&"%"44"'$%(4%'&,)/3)/%$&"%-3#$,)'"%B"$C"")%$&"%.")#"#@%A&,$%3#%$&"%"44"'$%
(4%0"*"0#3)/%$&"30%1(#3$3()#@

Figure 6.2
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Experiment 7: Hollow Lens

Purpose

!"#$%&'#()*(+&,("$#-./#0&11#()*1.+(#%.0#$%(#*+.*(+$&('#.2#3#1("'#3+(#+(13$(4#$.#&$'#

'%3*(5#&$'#&"4()#.2#+(2+36$&."5#3"4#$%(#&"4()#.2#+(2+36$&."#.2#$%(#'/++./"4&"7#,(4&/,8

Background

9 6.":("$&."31#1("'#&'#,34(#.2#3#,3$(+&31#0%.'(#&"4()#.2#+(2+36$&."#
&'#%&7%(+#$%3"#$%3$#.2#$%(#'/++./"4&"7#,(4&/,8#;.+#&"'$3"6(5#$%(#

1("'('#&"#3#*3&+#.2#(-(713''('#3+(#/'/311-#,34(#2+.,#713''#.+#*13'$&6#

0&$%#3"#&"4()#.2#+(2+36$&."#.2#<8=#.+#%&7%(+5#0%&1(#$%(#3&+#'/++./"4&"7#

$%(#1("'('#%3'#3"#&"4()#.2#+(2+36$&."#.2#<8>8#?.0(:(+5#3#1("'#63"#31'.#

%3:(#3#!"#$%#&"4()#.2#+(2+36$&."#$%3"#$%(#'/++./"4&"7#,(4&/,5#3'#&'#
$%(#63'(#0%("#3#%.11.0#1("'#&'#@2&11(4#0&$%#3&+A#3"4#'/++./"4(4#B-#

03$(+8#CD%(#&"4()#.2#+(2+36$&."#.2#03$(+#&'#3B./$#<8E8F

D%(#%.11.0#1("'#&"#$%&'#()*(+&,("$#%3'#$%+((#'(6$&."'G#3#*13".H6."H

63:(#'(6$&."#3"4#$0.#*13".H6.":()#'(6$&."'8#I(#0&11#+(2(+#$.#$%('(#3'#

'(6$&."'#<5#J5#3"4#E#C'((#;&7/+(#K8<F8#

L./#0&11#4($(+,&"(#0%($%(+#(36%#'(6$&."#36$'#3'#3#6.":(+7&"7#.+#

4&:(+7&"7#1("'#0%("#&$#&'#&'#2&11(4#0&$%#03$(+#3"4#'/++./"4(4#B-#3&+#
3"4#('#2&11(4#0&$%#3&+#3"4#'/++./"4(4#B-#03$(+8

Procedure

!" M(2.+(#-./#$('$#$%(#%.11.0#1("'5#,3N(#'.,(#*+(4&6$&."'G#;.+#(:(+-#6."2&7/+3$&."#

&"#D3B1(#K8<5#*+(4&6$#0%($%(+#&"6.,&"7#*3+311(1#+3-'#0&11#6.":(+7(#.+#4&:(+7(#

32$(+#*3''&"7#$%+./7%#$%(#1("'8#O(6.+4#-./+#*+(4&6$&."'#&"#$%(#$3B1(8

#" P136(#$%(#1&7%$#'./+6(#&"#+3-HB.)#,.4(#."#3#0%&$(#'%(($#.2#*3*(+8#D/+"#$%(#0%((1#

$.#'(1(6$#2&:(#*3+311(1#+3-'8

$" ;&11#'(6$&."#<#0&$%#03$(+#3"4#*136(#$%(#1("'#&"#2+."$#.2#$%(#1&7%$#'./+6(#'.#$%(#*3+H

311(1#+3-'#("$(+#&$#$%+./7%#$%(#213$#'&4(8#Q.#$%(#+3-'#6.":(+7(#.+#4&:(+7(#32$(+#*3''H

&"7#$%+./7%#$%(#1("'R#O(6.+4#-./+#.B'(+:3$&."#&"#D3B1(#K8<8

Required Equipment from Basic Optics System

Light Source

Hollow Lens from Ray Optics Kit

Box from Ray Optics Kit (with lenses and foam insert removed)

White Plastic Sheet from Ray Optics Kit

Other Equipment

Water

Paper towels

White paper

Small weight (to stop lens from floating)

Eye-dropper (optional, for removing water from the hollow lens)

" # $

Figure 7.1: The hollow lens
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!"#"$%&%'()&)%"#&*(%'&*$%"+&(,&-(.."+",%&)"/%(0,&0.&%'"&1",)&%0&/02#1"%"&%'"&.(+)%&
.03+&+0*)&0.&4$51"&6787

!" 93%&%'"&*'(%"&#1$)%(/&)'""%&(,&%'"&%+$,)#$+",%&+$:;0#%(/)&50<7&93%&%'"&'0110*&1",)&
(,&%'"&50<&0,&%0#&0.&%'"&)'""%&$)&)'0*,&(,&=(>3+"&67?7&91$/"&$&)2$11&*"(>'%&0,&%0#&
0.&%'"&1",)&%0&)%0#&(%&.+02&.10$%(,>7&90)(%(0,&%'"&1(>'%&)03+/"&03%)(-"&0.&%'"&50<&)0&
%'$%&%'"&+$:)&",%"+&%'"&'0110*&1",)&%'+03>'&%'"&.1$%&)(-"7

Figure 7.2: Hollow lens set up for testing surrounded by water

#" =(11&%'"&50<&*(%'&*$%"+&%0&@3)%&5"10*&%'"&%0#&0.&%'"&1",)7&=(11&)"/%(0,)&?&$,-&A&0.&
%'"&1",)&*(%'&*$%"+&B1"$C(,>&)"/%(0,&8&D.(11"-E&*(%'&$(+F7&!"/0+-&:03+&05)"+C$%(0,&
(,&4$51"&6787

!"#"$%&%'()&)%"#&*(%'&$(+&(,&-(.."+",%&)"/%(0,&0.&%'"&1",)&%0&/02#1"%"&4$51"&6787

Questions

$" G,-"+&*'$%&/0,-(%(0,)&()&$&#1$,0;/0,C"<&1",)&/0,C"+>(,>H&G,-"+&*'$%&/0,-(;
%(0,)&()&(%&-(C"+>(,>H

%" I.&$&#1$,0;/0,/$C"&1",)&0.&$,&3,J,0*,&2$%"+($1&()&$&-(C"+>(,>&1",)&*'",&)3+;
+03,-"-&5:&$(+K&()&(%&#0))(51"&%0&J,0*&*'"%'"+&%'"&1",)&*(11&5"&/0,C"+>(,>&0+&
-(C"+>(,>&*'",&#1$/"-&(,&*$%"+H&L<#1$(,7

Table 7.1: Predictions and Observations

Lens 
surrounded by:

Section 1 
filled with:

Section 2 
filled with:

Section 3 
filled with:

Prediction
(converging or diverging)

Observation
(converging or diverging)

Air

Water Air Air

Air Water Air

Air Air Water

Water Air Water

Water

Air Water Water

Water Air Water

Water Water Air

"#$%&'#()*+,-

./0

1/22/3)2'#-
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Experiment 8: Lensmaker’s Equation

Purpose

!"#$%&'#()*(+&,("$#-./#0&11#2($(+,&"(#$%(#3.451#1("6$%#.3#5#4."457(#1("'#&"#$0.#05-'8#
!" 9-#2&+(4$#,(5'/+(,("$#/'&"6#+5-#$+54&"6#5"2##" 9-#,(5'/+&"6#$%(#+52&/'#.3#4/+75:
$/+(#5"2#/'&"6#$%(#1("',5;(+<'#(=/5$&.">

Theory

?%(#1("',5;(+<'#(=/5$&."#&'#/'(2#$.#4514/15$(#$%(#3.451#1("6$%#@&"#5&+#.+#5#754//,AB#$B#
.3#5#1("'#95'(2#."#$%(#+52&&#.3#4/+75$/+(#.3#&$'#'/+354('#@%C#5"2#%DA#5"2#$%(#&"2()#.3#
+(3+54$&."#@&"'.3#$%(#1("'#,5$(+&518

()*+',+-"

!"#$%&'#".$5$&."B#%#&'#*.'&$&7(#3.+#5#4."7()#'/+354(#@5'#7&(0(2#3+.,#./$'&2(#$%(#1("'A#
5"2#%#&'#"(65$&7(#3.+#5#4."457(#'/+354(#@5'#&"#E&6/+(#F>CA>

Figure 8.1

Procedure

!" G154(#$%(#1&6%$#'./+4(#&"#+5-:9.)#,.2(#."#5#0%&$(#'%(($#.3#*5*(+>#?/+"#$%(#0%((1#
$.#'(1(4$#$%+((#*5+511(1#+5-'>#H%&"(#$%(#+5-'#'$+5&6%$#&"$.#$%(#4."7()#1("'#@'((#E&6:
/+(#F>DA>

Note: The lens has one flat edge. Place the flat edge on the paper so the lens stands stably 
without rocking.

Required Equipment from Basic Optics System

Light Source

Concave Lens from Ray Optics Kit

Other Required Equipment

Metric ruler

C
$
::: & CI

C
%C
:::::: C

%D
::::::IJ

"#$%&'
(#)*+,'

-').

!!!"

/)*#01)234+5.

(#)*+,'3&').

Figure 8.2
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!" !"#$%&#"'()*&+,%&-(".#$%&'.&+,%&/%)-&#)*&+"#$%&+,%&0)$0*%)+&#)*&+"#)-10++%*&"#2-3&
4)*0$#+%&+,%&0)$'10)5&#)*&+,%&'(+5'0)5&"#2-&60+,&#""'6-&0)&+,%&#77"'7"0#+%&*0"%$8
+0')-3&

#" 9%1':%&+,%&/%)-3&!'&1%#-("%&+,%&.'$#/&/%)5+,;&(-%&#&"(/%"&+'&%<+%)*&+,%&'(+5'0)5&
*0:%"50)5&"#2-&-+"#05,+&=#$>&+,"'(5,&+,%&/%)-3&!,%&.'$#/&7'0)+&0-&6,%"%&+,%-%&
%<+%)*%*&"#2-&$"'--3&?%#-("%&+,%&*0-+#)$%&."'1&+,%&$%)+%"&'.&+,%&/%)-&+'&+,%&.'$#/&
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Figure 8.3: Reflected rays from 
the lens surface


