
LECTURE 25 questions



Q1 Lenses
-
-

A)
IN THE NOTES WE ILLUSTRATED How RAYS LEAVING A

point SOURCE A DISTANCE d
, FROM THE LENS CONVERGE

AT A point A DISTANCE dz FROM THE LENS
,
WHERE i

t t I =L
d, dz f

OBJECT

d,
TANCE

<-s

OBJECT
↳•-

RULE # I

point J NSOURCE L""##I '\l l Rays
/ I CONVERGE

I ERE

I
-X

l
l

.

dz?
I

.

C->C-> IMAGE
DISTANCEf ft

focal LENGTH
of LENS

• HOWEVER , WE only SHOWED THIS for 7woR_AyS
-

THAT REFRACT THRU THE LENS . Do THE OTHER
*

RAYS CONVERGE @ dz AS WELL ? SHOW THAT

THERE is AT LEAST A THIRD RAY INTERSECT.IR

@ dz By DRAWING A RAY LEAVING THE OBJECT

AND CROSSING THRU THE focal point on
THE OBJECT
- -

side of THE LENS. APPLYING RULE # l
"

IN REVERSE
"

.
IN

WHAT DIRECTION Does >His Ray EXIT THE LENS ?

* To A GOOD Approx . THEY Do .
Deviations from perfect CONVERGENCE ARE cacaos

"

ABBERA> ions
"

.



b) WHAT DOES THE THE9~

I=f PREDICT FOR THE IMAGE DISTANCE dz

of AN OBJECT LOCATED FAR AWAY

from THE lens ( I - e .

d
,
>s f ) ?

IN LIGHT of RULE # l , WHAT DOES THIS

TELL you ABOUT THE RELATIVE Direction

of THE RAYS FROM A DISTANT point Source

STRIKING a Lens ?

DISTANT

point
SOURCE



* AKA
"

COLLIMATED
"

LIGHT

c) SHOW THAT PARALLEL Rays
't

THAT

AREN'T PARALLEL To THE LENS
'

symmetryi.e . Oto g-
-

Axis STILL CONVERGE A DISTANCE f

AWAY FROM THE LENS :

RULE # 2 ?

×¥i
• How FAR BELOW THE FOCAL point
Do THE Rays converge ?

• IS your ANSWER consistent w/ THE

THIN LENS Equation to THE RELATION

hz
=

de 7
- -

-

hi d ,
'



d) WHY is dz Negative if
d. e f ?

;¥#
. DRAW TWO RAYS LEAVING THE OBJECT , ONE

DEMONSTRATING RULE # I d THE OTHER

DEMONSTRATING RULE # 2 .
WHERE DO

THESE Rays App SAR To CONVERGE?
-

E) SHOW THAT THE IMAGE DISTANCE dz FOR

A Diverging LENS is Always NEGATIVE
-

-

.

• SHOW THIS Two ways , usinrr

1 " THE THIN LENS Equation &

Z : Ray TRACING ( i.e. Rules # Id #2) .

oB5Ef#



* SEE THE ANSWER To Q1 (d ) for

Q2 MIRRORS Definition of THESE Terms
.

-
-

SHOW
,
USING Ray Tracing ( i - E .

* *

Rules # I & # 2) THAT :

* SEE NEXT PAGE for Description

a) THE IMAGE of Any OBJECT ( d , > f or
d

,

E f ) producers By A Connex MIRROR is

IS UPRIGHT to virtual
.

-

OBJE.CI,

µ÷t#
-

CONVEX MIRROR

↳ )
ops

. THE IMAGE of AN OBJECT LOCATED

① Iii:÷:*:c . aris:
*

UPRIGHT AND VIRTUAL .

-

° To AVOID confusion , DRAW ONLY TWO

CONCAVE MIRROR RAYS ( i - E .
Do NOT ALSO Apply RULE # I

''

IN REVERSE
"

AS SHOWN IN THE PART (a)

ANSWER )



Ray >rneinlr Rules for mirrors :

RULE # l : Rays parallel To RULE #2 : RAYS HIRING THE
= -

÷: :i:÷÷: :÷.sn/:i::i::::::::::::i"*

four-point of THE MIRROR . Two ANGLES MADE M THE

* for coIEX Mirrors ,
THE MIRTH is ARE THE Same .

Rays only APPEAR to
INTERSECT THE focal point ,
WHICH Lies on THE OTHER

SIDE OF THE MIRROR .

-

*

RULE #3 : Rays 1- To A TANGENT
-

RETRACE THEIR PATH .

I

→
-

RULE # I

←
RULE # 1 IN ) ✓ //Mirror Axis J (l

X
- r¥f

CONCAVE

Mirror
* I Don'T USE THIS RULE IN THE NOTES OR THESE QUESTIONS Buz INCLUDE HERE FOR COMPLETENESS .



c)
WHERE WOULD you WANT

TO

PLACE A point source so

THAT ITS REFLECTED RAYS
are

"

cominAZED
"

( i.e . paracel) ?

-

" I
d. ?
→

CONCAVE MIRROR



⑨3 IMAGING systems
-

A) Suppose you WANT To TAKE A picture

of A BUG USING your CAMERA WHICH

consists of A +2
"

focal LENGTH LENS

WITH FILM LOCATED 4
"

BEHIND THE LENS .

How CLOSE SHOULD you GET THE CAMERA

% THE BUG To GET A SHARP IMAGE?

CAMERA

^

qs
.

4. qa.gg#w.ma*d ?
c-

• If THE BUG IS 2
"

TALL , How BIG SHOULD

THE film BE To CAPTURE THE ENTIRE BUG?



b) WHERE SHOULD A SCREEN BE PLACED IN

ORDER To OBSERVE A SHARP IMAGE of

A CANDLE FORMED By THE SECOND (SNS
?

• Hint : Apply THIN LENS ERN twice .

SCREEN ( E - G.

LENS

#y2 ↳ piece of
WHITE

1¥. mm ,

• IS THE IMAGE upright or inv>ED?

• ( TRICK question ) How DOES YOUR
ANSWER CHANGE if WE REPLACE THE

SECOND LENS W/ A DIVERGING LENS ?
-

SCREEN

LENS # 2 ↳
→

"

I

6
'



C) ANOTHER CAMERA HAS A

LENS w/ A +5
"
FOCAL LENGTH &

"

AN ADJUSTABLE focus
"

:

/n
T Fic'm

y
=

Moon /
-

• TO WHAT DEPTH SHOULD THE LENS - film

DISTANCE ( x ) BE ADJUSTED IN ORDER

To Capurro an inner of THE Moon ?

• IF THE MOON SUBTENDS AN ANGLE of

ABOUT 1° IN THE Sky , How BIG of A

SPOT DOES IT MAKE on THE film (WHEN
in focus ] ?



ANSWERS

QI
- a )

>

RYE
# 1

""

÷**I -

×

.dzi÷÷
:*:c.si .

'

II
go" I. + ÷=¥→ 's

.

-

- I
( d, >sf )

→ dz If if d , Ssf

• RULE # 1 STATES THAT Rays PARALLEL To THE LENS
'

symmetry Axis CROSS THE Axis @ AT THE FECAL

point of THE LENS:

7-



ANSWER To Q1 (b) cont .

• IF THIS is ALSO THE DISTANCE AT

WHICH LIGHT from A DISTANT OBJECT CONVERGES
,

THEN THE RAYS FROM THE OBJECT THAT STRIKE

THE LENS ARE Approximately pa :

^

r

> Approx . PARALLEL

*



c) purple t ORANGE TRIANGLES ARE confident : since ← =f

THEN dz = # = f

t "censurer f

inRULE
# I

Also :

#
/

f -

- f
so SINCE µ = # x tano = ftauo

THEN that = µ = ftavo

DISTANTpoint
• SOURCE

fin. THIN LENS ET

FROM ( b ) :

Approx . PARALLEL dz I f-✓X- -

" I ''

"÷. . . .. .o.ie#.- "
: i ..

-
of LeNsn )

di



d)
• free;

CONVERGE\HERE
"*ItaRule # 2

d

dz NEGATIVE : IMAGE on SAME SIDE of
-

LENS AS OBJECT .

• IF dz co → hz = - dzxhi SO
,
so :

d ,

h : IMAGE is on SAME SIDE
2 POSITIVE -

of LENS A AS OBJECT .

• Terminology :

{
d2 is positive

,
we say 7µg image is inverters BECAUSE THE IMAGE AND

• WHEN
-

,

hz IS NEGATIVE

OBJECT ARE ON OPPOSITE SIDES of THE LENS Alis .

WE ALSO say IN THIS CASE THAT THE

IMAGE is REI , SINCE Rays actually CONVERGE @ Titis point

{
d2 is NEGATIVE

we say >Hemme is upright
or

"

no> inverters

"

• Similarly , WHEN hz is positive
)

SINCE OBJECT d IMAGE ARE ON SALE SIDE of Alis .

IN THIS CASE THE image is

virtual , SINCE Rays only APPEAR TO CONVERGE @ THE IMAGE Location ?
Ts

* TRUE FOR IMAGES FORMED By A SINGLE LENS /Mirror .



E) Ray TRACING :

-

Rule # 12
-

orogen

f- lmaoo s

#

• IMAGE ON SAME SIDE of LENS

AS OBJECT .

→ dz NEGivey

• FROM THIN LENS Equation :

I
,

t I
,

= tf
Doesnt matter

if d ,
> f or d ,

Sf

i 1

I
= ft - I

,

co → dzeo V

P T
NEGATIVE positive

FOR Diverging
By CONVENTION

LENS

. So DIVERGING LENS ALWAYS forms up RIGHT,

VIRTUAL IMAGE .



Q2 a)
-

-
Rule #T>f
c-T

f f or¥¥÷:÷:I→f µ # Z Mirror )

( s
) axis

FOCAL
POINT FOR THE convex mirror WE

SEE THE IMAGE IS UPRIGHT SINCE THE
-

IMAGE is on THE Same SIDE of THE

CONVEX MIRROR MiR is AS THE OBJECT . 17 is ALSO

VIRIAL sinceRAySoNcyAPps_AR7oCoNVERGE@lMAGELocA7ioN.V



@ZoN7 .

FROM THE Mirror Equation :

- dz 7

c-

÷÷÷÷÷. I( T topos,
positive

NEGATIVE By convention -
for convex

MIRROR CONVEX MIRROR

→ dz 50 for convex

Mirrors

MIRROR conventions
-

• So dz NEGATIVE : IMAGE AND OBJECT ON

opposite SIDES of MIRROR .

[ CONTRAST THIS W/ CONVENTION FOR LENSES ]

SINCE hz = - ¥ dz > 0 WE ALSO HAVE :E. Tear.IE?.EEs"positive
By convention

• hz positive : IMAGE 4 OBJECT ON SALE
SIDE of Mirror Axis-

( SAME AS FOR LENSES )



b) "

IMAGE A
"

#OBSERVATIONS#.pro#reepays,paepy.weo
RULE # I f-7 USING RULES # I

,
#2

,
d # I

( IN REESE) i
' IN REVERSE

,
WE HAVE THREE

'¢ "

IMAGE C
' '

pairs of Rays THAT ALL

°BJE : """ ""Rse" @ Different

points ( A. B , c ) !÷÷÷¥f÷÷÷÷÷÷:÷÷÷÷÷:÷÷:*:*:L
*

Blu-Ray , I -E . THE RAYS DO

NOT ALL APPEAR To come

FROM A SINGLE IMAGE

- point .

CONCAVE MIRROR . NEVERTHELESS
,
THE IMAGE ,

HOWEVER BLURRY , DOES Appear

↳ RIGHT ( OBJECT d IMAGE on

• CENTER of BLURRY IMAGE ( dz) -

is Given By Mirror Equation
:

same side of Mirror Axis)
✓

AND IS VIRTUAL ( RAYS( -

- t
I =
I
f only APPEAR To ORIGINATEto , dz

-

from IMAGE Location ) .

. This is CONSISTENT WT Mirror

reunion : I
.

-

- ft - I
,

→ dz E O ,
WHICH MEANS IMAGE is

UPRIGHT & virtual .

* WE say THE IMAGE is HIGHLY
" A-BERRA> ED

"

.



C ) put @ Four point :

.CONCAVE



Q3 f = 2
"

,
dz = 4

"

Ta I
,

= ¥ - I
,

= I . . - ¥. =
'

y . .

→ d
,
= 4

"V

h
,
= 2

"

( BUG HEIGHT)

z
=
- df

,

× h ,
= - 44! x z

"

= - z
"
✓

FILM NEEDS To ↳
BE AT LEAST THIS

LARGE ( i.e. I x MAGNIFICA?or, )
INVERTED

fee? Z

sina.io#.*o ..
"

HEAD
£

• WHERE DO THE RAYS
COME From?

• WHY ARE THEY GREEN?



b) IMAGE of LENS #l :

Iz -

- ft - I
,

= I. - I. = I,
d
,

= 4
'

LENS # I

1 4 '
> I

,

I

INVERTED

° IMAGE gf LENS # 2 :

d
,
= 6

'

- 4
'

= z
'

, I
,

= If - I
,

= 'T, - I , = I, → dz = z
'

IMAGE from LENS

# 2 of IMAGE FROM
LENS

#y2 LENS # l :

UPRIGHT✓

→d

peace screen Here where
→ I i

INVERTED IF I RAYS FROM CANDLE ARE

y
→ {

conveyance, i.e . x =
' /

LENS #2 DIVERGING? 2 2

-

• IMAGE FROM LENS # I is THE SAME , so

I = If - I
,

= I. f- I, = - Z. → da =
- z

'

' LENS # 2 f NEGATIVE !

" ""

'

:'m
. ...



C) d
,
i DISTANCE from Moon To LENS

f : focal Lenora = +5
"
ee d

,

MOON in focus WHEN X = dz

WHERE I
,

+ Iz = tf
→ at = ¥

Tanf )

→ dz = f
,
so see x=5 'T

""off:%g Ta-→if:÷÷÷÷.> J) I =
2×5 "xtanI

FROM 130770M -
72×5

'

Of MOON ( small ANGLE )
Approx

=

. 04
"
I 1mm

✓


