—

| 4 a fem 7€€J‘&nu@



f number - focal length/lens diameter ( «djus ted by olaphrg ")
depth of field - range of object distances to achieve focusing

diaphragm

Figure 34-53 Physics for Engineers and Scientists 3/e
© 2007 W, W. Norton & Company, Inc.



nm:méacmn_mm ( changes foeal ?&%i
| | sclera

crystalline

lens “ retina
aqueous
choroid

pupil —
optic nerve

cernea

iris d vitreous humor

Figure 34-55 Physics for Engineers and Scientists 3/e
© 2007 W.W. Norton & Company, Inc.




m\/\m\

N@ >
i <J With object
at near point,
|| typically 25 cm, ...
,& Twn v p e 5/ m\/\mv
\ «f\:;gp m\ﬁ.fﬁz\
\ muscles e puls
| lens  fo focus
ﬁusws:i T,w W 9 n
q\m\,T,?s
V) & et~ @oﬁ,ﬁ%. mﬁ@ S e GY
@OMB/_A ,Tre.x* Siocc/w
eve 0 Locus  on

¢ @.%Sr

...image on
retina is sizable.

Figure 34-60 Physics for Engineers and Scientists 3/e

© 2007 W.W. Norton & Company, Inc.



(near pontb yosem]

For - w,.@ffw%\ Nness

(a) “contracted” Image forms
lens behind retina.
. a Y | Mrwﬁvwzﬁiz:wlf @
ohw:.n” 2 & e, — =

q §3 S |em | ~ [ To correct
( ~4 R farsightedness...
AE | =09 C e

- n,o=<mqwm=m eyeglass or contact
lens shifts image to retina.

lrﬂw,,tuﬁﬁaﬁn»ﬁdﬂ?
object
ik 15 cm

Figure 34-58 Physics for Engineers and Scientists 3/e

. © 2007 W.W. Norton & Company, Inc. D/N
T¢ wea~ poinf 50 N
e g Ut 7@% le 4



N e o~ wﬂ_wﬂsfw% ne ss
Image forms in
] i n”
(a) relaxed front of retina.
lens
: Q.
far point of
nearsighted eye
(=& To correct
ol §=-5m¢ nearsightedness...
[y £=~ 10 , o
(b) ...a diverging eyeglass or contact
Q dmu ~50 lens shifts image to retina.
g (22w
Figure 34-57 Physics for Engineers and wnmmsm.nww,m, W.\m ~ ..7 5
©2007 %.s\. Norton & Company, Inc, .
\Q;. ™M I




a /\m\ . image
/J at S cen cQ,i\. ato
l ]
U wgﬁoc( width /
ez A ®~ - ,i.JN -
L e,sﬁwck @T?@g |
= With magnifier,
wne o~ %/0 Cap) % 0 r,f. 6% o_o_.ﬂmnﬂ.mmmmmq_.q_s_whﬂ at
focal point and much
~ RN G Yl ,TCCL closer than near point...
!
e o (@ et %\::J\

{( G w S.,hl.no_ ,Tf)

r . /7 g \N.'\. Figure 34-62 Physics for Engineers and Scientists 3/e
& © 2007 W.W. Norton & Company, Inc.
L) es
- 15

...so that image on
retina is enlarged.

(1)

Te-de ?Fws._.wffos o~ siclat e



Micro scbpe

eye

Eyepiece acts as
a magnifier...

2 § 2 focal length

...of enlarged,

% o.&m/nnEm /

ﬁ real image...

| \rs%m?v M Q@ af Lo Hon

3, D
Y

\

3
.,,,,, - {

v Zl\ -

PR —— —~——
[ Qn

1oAY ,m o

1oy 8 )

vyt

1ot

vyt

[

[ERY

t oy 3

[T

-3

image

atoo

...projected by

objective lens.

Figure 34-63 Physics for Engineers and Scientists 3/e
© 2007 W.W. Norton & Company, Inc.

10



Telescope

Objective
produces...

...a real image
h . close to eye...
o ﬁ\r?fnrh(
...that is viewed by
eyepiece magnifier.

Figure 34-64 Physics for Engineers and Scientists 3/e
© 2007 W.W. Norton & Company, Inc.

QR



Mirror Telescope

mirror —
|
image
at oo
/ nﬁ/
Sl f objective
Y i / ’
/ao w» MM _m
LY i w
i .
Yy object
A
5 /m.. at oo
/ \ ’r ?
[ [Y
[ %
[ 1
/,w A W\
3
/ﬂr/w/, Al un
kY /a» )
\ x\ \. ocular
Y
A e
ocular 1 VL

eye

0D

Figure 34-65 Physics for Engineers and Scientists 3/e
© 2007 W.W. Norton & Company, Inc.

%oosﬁ al~



COV\S?(\//Q/J” Fuw o Lo ¢ qmc
witHh electic *ﬁ‘d(/d

A
/w 7N _N_17 /‘4‘
L

?(*( voOE
lr

)

f - \% l/ ~ - ﬁ/{

NLIIL(_S I( t \[L_ A
N | A {\ o{ . !
/Vooo Con s e Flee fh Feas: /
bzz T L +f— E: Loslaﬁ_é\fv ”é) t [ cos/éf)z‘ d»*?/
| WL\Q‘\r 1g ‘H«(’, z\}\‘HasmL\/ @*ﬁf f(z
- E/ « & 4l
§olefe 0 B O AR

4 o (¢ 0. ¢ <

/o



~—

L, /:7—é

= £, ol wt - /(J» t 71)(# L [c o8 to ¥~ hi~

14

£C

A
—

= fo Cos (et - lwv)cos 71 - 543;7/@ t-~- [(J*—] s(‘/;sb

._(-
Cos o k) cosg 4 sialotoke) sinf

A

2 Ly 08wt ~kr-) cog ;é

]

ST
ey

[:;ltosb/éo - L] coct P

A
/(z ~ i
p)r 0 ¢ T B ot d € *(&/,zmm
¢ il (o >7‘/\ucf«‘dt, | /' e ~fererce

Eb N (V) * \/2,) I wpﬁh’\f‘u chve.  In R%/\{yw{,

[44

¥4

0c

6l

8L

Ll

91

Gl

143

€l

cl

L

I ot

[



La W@QML& ‘6‘0\"\ two 5 Lits
' L _ «,-f;/:“"“’\(D E
VN e e T e T
o \ - — -
o - o) ) , B -
2T
‘ \/O &,VUS(S Sl x()e,J\avawﬁE
E. s L, ws(wt ~ ki) +f:ow$/0)é u/

SR ws[w‘érk(ﬂf&) *k(«'iz"&) ARAK (¢ t*@ +k14y

’ 1 | A 9155@ 50i

V5 ¢ 2 L<(/Q\“’€L) = W (o n st Ve ]
P ,‘n]terﬁe/mce l

3 \C\.S L(: PALY 1 ,Q,___;.,Qz_ - n
Comstruchve  taferfeere L~ 4, = hj
|

S [0\1" OQ%‘LJ\\,LQ;’VtVQ/ Lw“pQ,’\Qflce, \‘(i r
12/ b k(lla), s N+V) it D 4 ~pf, =fnreV)



R
SRR SRS S

shorter

Figure 35-14 Physics for Engineers and Scientists 3/e

© 2007 W.W. Norton & Company, Inc.

7

.

Interference at P
is determined by
path difference.

Constructive (v feference

e &Nf\m\ = nA

L@w,??c:\ Hue v Ferdovence

N\Mux&&u QJ + <m. v\ﬁ



con st mud

tnd

Q* s O =

Obm\v.T(C,CT. 23

%w?@ = (n+

54,\w <

d

Ny

A

For a faraway point P, rays

Hye from slits are nearly parallel.
o Lo rem L@
: d
n< 2
Al 2
ia fer-
%ﬁ,nsob\
A Q \%\% ﬁﬁv\ ad
3 Q Ofg A%x
“_n 0¥ g
d 1\!!!!@1&& llllllllllllll
_ . % am%%,%w
) Yo
T\
Q d sin 6
\N 0 is angular position

d sin @ is path
difference to P. respect to midline.

of point P with

Figure 35-15 Physics for Engineers and Scientists 3/e
© 2007 W.W. Norton & Company, Inc.



