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Vagrorelseldra och optik

Kurslitteratur: University Physics by Young & Friedman

Harmonisk oscillator: Kapitel 14.1-14.4
Mekaniska vagor: Kapitel 15.1 - 15.8

Ljud och horande: Kapitel 16.1 - 16.9
Elektromagnetiska vagor: Kapitel 32.1 & 32.3 & 32.4
Ljusets natur: Kapitel 33.1-33.4 & 33.7
Straloptik: Kapitel 34.1 - 34.8
Interferens: Kapitel 35.1 - 35.5

Diffraktion: Kapitel 36.1 - 36.5 & 36.7
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Geometrical optics

Examples of geometrical optics

Vincent Hedberg - Lunds Universitet




Geometrical optics
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Geometrical optics

Virtual Images: outgoing rays diverge
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i ,° Image point: /#
Object point: .Y apparent 4
source of rays source of N

reflected rays : F " .
Object point: Image point: apparent

Plane mirror

Real Images: outgoing rays converge to an

source of rays

source of refracted rays

image that can be shown on a screen
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Geometrical optics

@Q“* Sign rules:
o ;
, , Object distance (s) - positive if
Point object i same side as incoming light.

Image distance (s') - positive if
positive * Vv same side as outgoing light.

fe——g—
Object distance Imagem negative

Object Image . :
0 v o' / Virtual image
0 N -
1y 6 i-%0 1Y g
Exlended P @ 14 o m= — (lateral magnification)
object y
J e— s —o— ' —>
7
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Geometrical optics

Flat mirror
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Geometrical optics

Spherical mirror

A point object on an optical

. . . Point
axis will havg the image on the i Optlc s
optical axis. _‘*
7c TP
) . . P
s = distance of mirror to object
f m J Center of Image
' . . . curvature V it
s' = distance of mirror to image = i
+ 7
R = the mirror's radial distance IS s’ >
(S s >l
Sign rules:

Radius of curvature (R) - positive if center is on same side as

outgoing light.
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Geometrical optics

For a spherical mirror
o JU 2d
Point
object

Trigonometry

Z

A
4
<

B+y+90°=180°
T=90°-B
Y
d+y+9 + 90° = 180°
o+ 90° -B+0+ 90° =180°

P <6 = —T
Center of -8 [ +y+20 + 90° = 1800
-
curvature Vertex R-8 o +90°-B +2(B - ¢) +90° = 180°
< o 7 - -0 - o+ B e 2¢ =0
1
< s > oa+B=20
%= s >
tan L tan 3 tan ¢ :
o = — = —_——— e —
§—8 §—3 R -3
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Geometrical optics

Spherical mirror

oo _h __h g s e For a spherical mirror B
tana g tan 3 P tan ¢ R —5 «+ B =26
Point
object h
If the angles and & are small then
- 14
h h h
w=s BEg o5y Center of Image ° \
\j \/ curvature Vertex
’ R
a+ B =2 . 7
L S' ot |
I~ -1
K Y |
1 1 2 : . : ; . .
- ipe & = 2 (object—image relationship, spherical mirror)
1

Vincent Hedberg - Lunds Universitet

Geometrical optics

Point
object Optic axis

P / € Focal
Center of Image point
curvature Nkt
R
* Fd
e—s'—>)
l&—R (positive) ﬁi[ k< 5 |
l€&—R {posilive)—)t %5 4 E
: Al VA
- Focnl/\: = :
- point ! -
i e ' ¢ i
C - g =
Focal point
ﬁ \V/
- 1
" N 4
5 p/ - s =
A = S —
K_ = J—?—f

Focal lengh/s’ = % =
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Geometrical optics

Spherical mirror - magnification

Definition of
magnification v| Object

tan(0) = y/s
tan(0) = -Ny'/s' —

Image direction inverted
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Geometrical optics

Summary spherical mirrors

Sign rules:

Point

Objec‘r distance (S) - pOSiTiVE if object Optic axis
same side as incoming light.

P / ¢ Focal \
. , L. . Center of Image point
Image distance (s) - positive if curvature -
same side as outgoing light. . R ’

N

Radius of curvature (R) - positive
if center is on same side as
outgoing light.
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Geometrical optics

An infinite number of rays can be

But only fwo rays are needed
drawn from an object to its

to determine the location of

image. the image.
Object »
Object ﬂ

Eye g é b - ®
c F

Eye <§ ! 2

Eye &y Image

Eye X A Fid Location
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Geometrical optics

How to find the image in a concave mirror

The bottom of the object is on the optical axis and so the bottom of
the image will also be on the optical axis.

The top of the image can be found with any two rays. Use for example
two rays that goes through the focal point.

Object \ S \
Center Focal

L S — M
] — 1 7=

1 1 1 R
— 4 — = — —
s 5 2

f
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Geometrical optics

http://simbucket.com/lensesandmirrors/
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Geometrical optics

y' negative

y' negative
y.s, s, f positive y.s. s, f positive \

s’ negative

y' negative
i A R

y.s,s', f positive

18
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Geometrical optics

Problem solving
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Geometrical optics

An object is put in front of a concave mirror with R = 20 cm
at distances 30cm, 20cm, 10 cm and 5 cm. Where will the
image be ? And what will the maginification be ?

Y §
= ==t

. y
Always positive for —
a concave mirror

1 +i= 1 P i T ~ I5em 1
s=30cm 30ecm s’ 10 em bh== 30cem 2
1 1 1 ' 20 cm
= 4+ — = §" = 20 — _
s=20cm 20ecm s 10 cm ’ — m = cm, 1
1 1 1 58
= + — = o= i — st cm p—
s=10cm 10em ¢ 10 em : %0 (or —00) m= - = —0o0 (or +00)
10 cm
1 1 1
= 4+ — = g = - _]0 cm
BRI Sem s° 10 cm : e m= — = +2
5 cm
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Geometrical optics

(a) Construction for s = 30 cm (b) Construction for s = 20 ¢cm
All principal rays can be drawn. Ray 3 (from  through C ) cannot
The image is inverted. \ be drawn because it does not strike
the mirror. 1
-~
' . . T
s" =15 cm The image
is inverted. / v
s" =20 cm \\
% e =
4% s and 5" are equal.
T I
K—.\"j e—zs = 5" = 20cm—>
je—s5=30cm
(c) Construction for s = 10em (d) Construction for s = 5 cm
Ray 2 (from @ through F') cannot
be drawn because it does not [}
strike the mirror, 5 e
o — ¢ : g
s’ = 00 (or —00) — i
. o F
o F . “ - E
; / P g P v B
s = =10 cm 3 Parallel The image is
1 oulgoing rays 1 virtual and
ﬁ correspond to an o 4+ erect.
= infinite image distance. A
s = 10 cmtl §—a
e—A- §'=w 21 $=5cm
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Geometrical optics

Convex mirrors

Virtual
= Focal Point

-t g 00
[ &= g .-

l y s s, f negative
s F y § y. Y. s positive
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Geometrical optics

http://simbucket.com/lensesandmirrors/
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Geometrical optics

Problem solving
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Geometrical optics

A concave mirror forms an image, on a wall 3.00 m in front of the
mirror, of a headlamp filament 10.0 cm in front of the mirror.
(a) What are the radius of curvature and focal length of the mirror?
(b) What is the lateral magnification? What is the image height if
the object height1s 5.00 mm?

1 1
+
100cm 300 cm

1 1 L
R=2 + ) = 194 c¢m
10.0 cm 300 cm

_2
R

= |

f=R/2=97cm

:

s 300 cm
, 4 : - m=——=———"—=-300
S$=300 cm y ) s 10.0 ecm

The height of the image is 30 x 5 mm = 150 mm
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Geometrical optics

Santa checks himself for soot, using his reflection in a silvered
Christmas tree ornament 0.750 m away The diame-
ter of the ornament is 7.20 cm.

his height to be 1.6 m.
Where and how tall is the image of Santa formed by the ornament?
Is it erect or inverted?

f is negative for a

R
f=7=72/2/2=-180cm bl b

3.6 cm
160 cm 1 S 11 1 LAl T A
) Si3sg R e T
x ;
- S s = =176 cm
75 cm f
y' s —1.76 cm
== = = 0.0234

It y $ 75.0 cm

y' = my = (0.0234)(1.6 m) = 3.8 X 10 °m = 3.8 cm
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Geometrical optics

Spherical surface
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Geometrical optics
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Geometrical optics

Trigonometry
to find a relationship between s' and s and R.

<~ M <n /m

5,5', and R are positive.

Step 1

K >i¢ ; > i+ 0P WOP-R=1000— | 0, =G4
\ ¢+(180° - B -6 ) = 180° —» | 05 =0-B
h h h
Step 2 |tana = tanB = ——  tan¢g =
P s+0 B=3"3 R— 5
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Geometrical optics
~. Ba <ny Sy
= Step 4
a = 5, 5', and R are positive. ) )
the law of refraction n,sinf, = nj,siné,

If the angles are small then

n aea = n bgh

< fﬁ\ ' A
Step 3
h h h
ldna—s+6 [dnﬁ_s'—S [dn(b—R_6

Combine step 1 and step 4

BA =('1,+¢

og =0-f

If the angles and & are small then

nga + npp =

(np = ng)dp

n(l

A)

s

np

r

By — Ny
R

Vincent Hedberg - Lunds Universitet

30




Geometrical optics

Spherical surface - magnification

y o
tan 9(: = ; tan@, = >

Step 1 - Geometry

Image direction inverted

N

s’

Small angle approximation:

) : i 0,=Yy/s  0,=-y/s
< g i< Y 5! >
Step 2 - The law of refraction Step 3 - Combine
ngsin@, = n,sinb, , ¥ mg
Small angle approximation: May _ —@ o= ? - nys
5 s
Ng ea =Ny 6b
Vincent Hedberg - Lunds Universitet 31
Geometrical optics
The small angle approximation sin(6) = 6
How good is it ? tan (6) = 6

sin(1°) = sin(0.0175 rad) = 0.0175
tan(1°) =tan(0.0175 rad) = 0.0175

sin(5°) = sin(0.0873 rad) = 0.0872
tan(5°) =tan(0.0873 rad) = 0.0875

sin(10°) = sin(0.175 rad) = 0.174
tan(10°) =tan(0.175 rad) = 0.176

sin(20°) = sin(0.349 rad) = 0.342
tan(20°) =tan(0.349 rad) = 0.364

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Spherical surface -Summary

S positive
s’ positive
R positive

Sign rules:

Object distance (s) -
positive if same side as y
incoming light.

Image distance (s') -

positive if same side as &
outgoing light. : Q'
|
Radius of curvature (R) - 1S s >l s >

positive if center is on
same side as outgoing

light.
g Ng np Np = Ng y' Tias
§ § R y npS
33
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Geometrical optics

Problem solving
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Geometrical optics

A cylindrical glass rod has index of refraction 1.52. It
is surrounded by air. One end is ground to a hemispherical surface
with radius R = 2.00 ¢cm. A small object is placed on the axis of
the rod, 8.00 cm to the left of the vertex. Find (a) the image dis-
tance and (b) the lateral magnification.

n, = 1.00 (air)

» n, = 1.52

| R =200cm
|&s = 8.00 cm $ 8 >]]

Image distance ST

ITI |
Mg b _ mp = g Magnification

eT T ! 1.00)(11.3 ¢

§ s’ R ] e o 202 3% — 10 m= -t = bRl o) -0.929
8.00 cm s’ +2.00 em nys (1.52)(8.00 ¢cm)
s'=+113cm
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Geometrical optics

Special case: flat surface

)
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Geometrical optics

Problem solving

Vincent Hedberg - Lunds Universitet 37

Geometrical optics

If you look straight down into a swimming pool where it is 2.00 m
deep, how deep does it appear to be?

¥% 7~ 100 n, n np . 1.33 4 1.00 —= 0
ﬂ,.={|-3‘3 ] ;v' S S}‘r 2.00 m S“r
water L ;f
s’ = —1.50 m
ofif
f]__ P
38
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Geometrical optics

The water in Flathead Lake is so clear that it
appears very shallow. Can you believe it's
actually 370 feet deep?

ng/s=-n/s
-s'/s = n,/n, = 1.00/1.33 = 0.75

Does it look like the depth is

0.75 x 370 feet = 278 feet =85 m
279797

Answer: no, more like 2 m.

Image Credits: National Geographic

This is a simple illusion, but very cool
nonetheless.
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Geometrical optics
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Geometrical optics

Different type of lenses

Converging lenses
ging Diverging lenses

Meniscus Planoconvex  Double convex Meniscus Planoconcave Double concave

|
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Geometrical optics

e—f—>—f—>
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Geometrical optics

Useful rays

A

=
Fl @ F2
@
o
(S5 I f >1 |
k< A} PI< s’ >
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Geometrical optics

Deriving formulas for lenses

£ £ ' s and 5" are both positive
.\I
P ‘fl @ B F
o «
S ’
y
(S f—K—s"-f—
e § s =
™~ Cal) . -1

*

Vincent Hedberg - Lunds Universitet

44




Geometrical optics

Magnification formula for lenses

tan(o) = == ; S

Vincent Hedberg - Lunds Universitet 45

Geometrical optics

Y Yy
tan(a) = s tan() = F Ty =7

y_ s y 58—

y s y J
E. R 1.1 1
iy f ,g/s - f /S :'(S 'f)/Sf I 5+s’ f

46
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Geometrical optics

http://simbucket.com/lensesandmirrors/
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E [ at infinity

1
2

An object placed at the focal
point appear to be at infinity
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Geometrical optics

Convex lenses -Summary

Sign rules:
- :_ ]
Object distance (s) - g ° 2
positive if same side as Fi
incoming light. s' is positive
f is positive

Image distance (s') - m is negative

positive if same side as
outgoing light.

iy

Focal length (f) -
positive for converging
lenses (convex lenses)

—

TTTT] IIIIII#
’
()

I {1 v s’ s’ is negative
T = - i o f is positive
s s f )\ k) ; P .

- m is positive

2

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Two lenses

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Problem solving
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Geometrical optics

Converging lenses A and B, of focal lengths 8.0 cm and 6.0 c¢m,
respectively, are placed 36.0 cm apart. Both lenses have the same | | 1
optic axis. An object 8.0 cm high is placed 12.0 cm to the left of

!
¢ W . : . ; 5 My
lens A. Find the position, size, and orientation of the image pro- f
duced by the lenses in combination.

Lens A

Lens B

1 1 1

+ = sha = +240 cm
120em 57, 8.0cm YA

Se=360-5, =36-24=12 cm

1 1 1

- =— spp=+12.0cm
120cm  spp 6.0cm L8

my = —(24.0cm)/(12.0cm) = —2.00
- mp = —(12.0cm)/(12.0cm) = —1.00
lk120em>k— Sy —k Sp # S's > mamp = (—2.00)(=1.00) = +2.00
8.0k 8.0-] 6.0>1<6.05|
cm cm cm cm

36.0 cm

-1

I'is (2.00)(8.0cm) = 16 cm
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Geometrical optics

Meniscus

Lenses

Converging lenses
ging Diverging lenses

Double concave

Meniscus Planoconcave

Planoconvex  Double convex

53
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Geometrical optics

T e F FE ~~I3. F)
—h-—".;___ & ® - J;n—-—;—
-~ -~ — ’// e
L \.\ /z —
L 5 - h—
—f——f—> K—f—>—f —>

54
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Geometrical optics

http://simbucket.com/lensesandmirrors/
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Geometrical optics

Lens formula for concave lenses

0 g
-,
*« - ©
F, F ¢ F
s
| 1 1 f is negative for

._.+._.

e 7 / diverging lenses

s’ is negative for
o diverging lenses

il =" =

s m is positive
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Geometrical optics

Problem solving
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Geometrical optics

A beam of parallel rays spreads out after passing through a thin

diverging lens, as if the rays all came from a point 20.0 cm from | | |
the center of the lens. You want to use this lens to form an erect, = A
virtual image that is % the height of the object. ~ Where should the & J /

object be placed? Where will the image be?

1. 1 1 8 2 1

s —s/3 TS s s F
s = —=2f = —=2(—20.0cm) = 40.0cm

%]
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Geometrical optics

Lenses

Converging lenses
Diverging lenses

Meniscus Planoconvex  Double convex Meniscus Planoconcave Double concave

Rule:
A lens that is thicker at the center than the edges is converging (positive f)

A lens that is thinner at the center than the edges is diverging (negative f)

Vincent Hedberg - Lunds Universitet 59

s.5'. and R are positive nﬂ ﬂ'h _ ﬁ'h i ”ﬂ'
: s s R
Spherical , |
@ ° —
surface e : R
| o, "a
! m = = eh—
< >|l<\ 5 > B nps
n, n, n,
£ Step 1
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Geometrical optics

n ny n

c

Q il

5y 81
| ! | I

< )
. |
< ‘\2 >
Step 1 Step 2
n n i, —1 1 n n— 1
—“—l——’b:—h a ng,=n,=1 — 4+ ==
5 S R, 51 51 R,
B i n,=n > a1 _1-n
M Me _ Ne = Mp .
ro R S'| Sf_g Rg
Ao 89 2 5, = —s|
Vincent Hedberg - Lunds Universitet 61

Geometrical optics

n, n, n

c

| g | gl
| | e | ]
< 52 >
54 }I
Step 2 Step 3  Add the two equations
1 n n-—1 | 1 n— 1 [ = §
s TSR > | S
n 5 1 1l —n
BN | | | 1
5152 R —+—=(n-— I)(———)
5 52 R] R3
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S =
] ] | 1
+=m-1)(=-=
s| sh (n )(R| Rﬂ)

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Step 5 - combine new with old

&%) —

1
— 4 — =

po(wwm)

§

The lensmaker's equation

Vincent Hedberg - Lunds Universitet
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Geometrical optics

| | 1 ] | 1 g y'
S 2 ¥ ¥ (n ])(Rl Rz) m m >

Sign rule: Radius of curvature - positive if center is on same side as outgoing light.

@ f = positive R; = positive R, = positive s' = positive or negative
O f = positive R; = positive R, = negative s’ = positive or negative
X f = negative R; = negative R, = positive s’ = negative

65
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Geometrical optics

Problem solving
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A double convex lens has R; = R, =10 cm and n = 1.52
What is the focal length ?

Radius of curvature
of second surface:

R o
G

Radius of curvature
of first surface:
R,

(1.52 — 1)(

= 9.6 cm

+10 cm

1
f
f

—10cm

)

Vincent Hedberg - Lunds Universitet
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Geometrical optics

The camera

=»
[

Canon

Vincent Hedberg - Lunds Universitet

68




Geometrical optics

Vincent Hedberg - Lunds Universitet 69

Geometrical optics

CCD array

Aperture-control Object
diaphragm

Two main issues for a camera:
1. Focussing the image on the image sensor (CCD)

2. Getting enough exposure (enough light on to the image sensor)

Vincent Hedberg - Lunds Universitet 70




lens and CCD.

lens.

Telephoto lens:
Wide-angle lens:

Focussing

1. Changing the distance between

2. Changing the focal length of the

Long focal length
Short focal length

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Exposure: light energy per unit area that hits CCD

Exposure depends on shutter time and the
lens aperture.

Long shutter times leads to problems if the
object is moving.

The aperture is controlled by the diaphragm
that can change its diameter (D).

frumber = T 7/ D Exposure ~ 1/ f, mper’
/2 f/28 f/4  f/56 f/8  f/l1 f/16
N/
fnumber

Adjustable f]4 aperture
diaphragm

£[8 aperture

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Camera without zoom

50 mm
1:1.7

focal length: f = 50 mm
fnumber =17

Aperture diameter: D =f / f mper = 50/1.7 = 2.9 mm

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Zoom lens: A combination of several lenses

Image

_; [ ‘ \ Lenses close together:

Long total focal length

s > Telephoto lends
4 cm 24 cm

- o ‘A v Image
= \ e Lenses further apart:
= v )
< i< N Short focal length
8cm  6cm Wide angle lens

Vincent Hedberg - Lunds Universitet
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18 - 135 mm
1:35-56

focal length: f = 4.6 - 23.0 mm focal length: f = 18 - 135 mm
fnumber* =3.2-65 fnumber =35-56

Vincent Hedberg - Lunds Universitet 75

Geometrical optics

Problem solving
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Geometrical optics

A common telephoto lens for a 35-mm camera has a focal length
of 200 mm; its f-stops range from f/2.8 to f/22. (a) What is the
corresponding range of aperture diameters? (b) What is the corre-

sponding range of image intensities on the film?

B f 200 mm

fumper = £ /D [—— | fmmber T 28
D= 200 mm

i)

= 71 mm

= 0.1 mm

Exposure ~1/ f, o2 > Minimum exposure

Maximum exposure = C / 2.82

= C/ 222

Maximum / Minimum = 222 / 2.82 = 62

Vincent Hedberg - Lunds Universitet
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Geometrical optics

The eye

Vincent Hedberg - Lunds Universitet
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Geometrical optics

The function of the eye

Focusing the image

&

Vincent Hedberg - Lunds Universitet &4

Geometrical optics

Muscles to Cone
move eye .
Lens : @ Tk
Retina 7N = il Rod
3 £ 3 >-¢---—-"'"'-_
y /
/ Muscles to .
/N7 adjust lens ‘/ ovea ‘
Iris I \
N\ gt 7 N 1 Epithelial
N : 4 cells
R /
\\\ = —— --_‘>®
Cornea “® Optic nerve
to brain

Rods: Very light sensitive. Used for night vision in black and white.
Cones: Three types (red, blue, green). Used to see colour.
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Geometrical optics

The human eye's sensitivity to
different wavelengths

Blue Green Red
2 Cones Bods Cones Cones
£ 100
=
E
®
o
E 715F
=
g
2
= 50
2
c
2
g 25
(1
£
°©
c o
380 nm 450 nm 500nm 550 nm 800nm 850 nm 700nm 750 nm
Wavelength of Light (nm)

Vincent Hedberg - Lunds Universitet
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Geometrical optics

Normal eye Myopic (nearsighted) eye

Rays from
distant object

Near point: Closest distance o the eye at which
people can see clear (7cm at age 10 to 40cm at
age 50 for normal eye).

Normal reading distance: Assumed to be 25 cm
when designing correction lenses.

Lenses for corrections are given in diopter.

Lens power = 1/f (unit diopter = m™)

Vincent Hedberg - Lunds Universitet
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Geometrical optics
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Geometrical optics

Problem solving
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Geometrical optics

The near point of a certain hyperopic eye is 100 cm in front of the
eye. Find the focal length and power of the contact lens that will
permit the wearer to see clearly an object that is 25 cm in front of
the eye.

I
I |
| |
I |
T |
e \..[1 o Sl
| < }( >
| |

When the person puts an object at s = 25 cm from the correcting lens we want the image
to end up at s’ = 100 cm because this is the nearest point the eye can see sharply.

1_1.1_ 1 - 1
f s s +25cm  —100 cm

f=+3

(98]

cm
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The far point of a certain myopic eye is 50 cm in front of the eye.
Find the focal length and power of the eyeglass lens that will per-
mit the wearer to see clearly an object at infinity. Assume that the
lens is worn 2 ¢cm in front of the eye.

Diverging lens _.-====n.
Object at R a2

infinity 1(

/\,

<~V

The lens should move the actual far point from 50 cm to infinity.
The correcting lens should therefore have s = infinity for s' = 50-2 = 48 cm.

] | ] ]
s s 00 —48 cm

= —48 cm

e
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The magnifying glass
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Geometrical optics

A magnifying glass is a convex lens.

If you hold a magnifying glass
far away from the eye (arms

lengths distance) you can see
a magnified and up-side down
image.

The normal use of a
magnifying glass is to put the
object between the focal
point and the glass to get a
magnified up-right image.
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Geometrical optics

The magnifying glass

| e Near point: Closest
ey 2 distance an eye can focus B S~
~o . 7 (approximatively 25 cm) j Paglliee

: -~
- ~
S
-

q
%”ﬂ,m"
: When the object is at the focal point p—
S one uses angular magnification (M) g =2
25cm instead of lateral magification (m). f
—

8. Jlf PSem (angular magnification

= e y/25cm  f for a simple magnifier)
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Geometrical optics

lens controls

= neck
nmeplect\

objective & Bt coaxial stage
stage

condenser
lons — ———

g The microscope

iris
diaphragm
oy fine
source — focis
T~
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Eyepiece 7|

Real
image

. Magnifying glass
Py
o)
- Eyepiece
J= Objective \ o
| o \
L 2/ lens J2 \
JI _ i Wi
.. I-:f F:' ‘\ b \\
( ~_ Object \\\\\
| -: ). W\ \\
& = 4 si ' W
\ B A\ Creates
[} ~ Light K\ﬂ/ ified i
P T — w magnified image
& | ! Obicctive ™ close to the focal
N\ ‘ o L jective “w :
N\ | Va : r, W point of the eye
A e jL_ . piece
— 4 \
0 I \3
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Image has to be
here

8 Py, 8
§ ,’/’/ -
) ,/:/, B
) Rl :
- s =y -
. - P o E
r L;___ E
= u
R I, < S
, .
51 Sl
e . s
Magnification first lense: m; = ——
9 f f | s[ \ (25 Cm)s"i
M = m|M2 — T
Ifoneput IyinF, M= (25cm)/fs — RE
Magnifying glass
92

Vincent Hedberg - Lunds Universitet




Geometrical optics

The telescope

Vincent Hedberg - Lunds Universitet 93

Geometrical optics

k B

|

Ia a C 2
M

N@!
Objective
The first image will be in the I' at /,;,:f,// The eye piece works as
focal point of the first lens. infinity _ 2%~ a magnifying glass with
) " I inits focal point.
_}_l "
tan9:9=% tane'=6’=_.
C)) 1, (69 fs
The angular magnification of a telescope _ Y'/fa Y
is defined as the ratio of the angle of M = 0 v /1 e f_2

the image to that of the incoming light.
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Comparing microscopes with telescopes

Object at a
close distance
- &7 (25 cm)s
=m = -
er 5152
Object at *
infinity ; Large f, is the
challenge

Objective -2~ Eyepiece
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Starlight Starlight Starlight

Planar
secondary
mirror

Cage

Planar
secondary

Eyepiece :
Y p mirror

Concave
objective mirror

Concave
objective mirror

Eyepiece
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