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I . Lenses : 8.5 points II . To make ii clear: 11.5 points + I point bonu5 

Whtrr $hould 1he lrn, bt plactd! 2.5 '7,,, 
tJ Wt \\'3nt an lma,gr that has tht same size bulls rtversed. which means that Y = I 0.5 

Thh n-~ult~ in : 0.41 = - QA. 0.25 
whirh can hr u:,,f'd in f>f-scarlts' conjugale equation 11--

l I _ I I or -f-: r 
ru - OA-r_ , 

I resulting In. O.i = -2/ 
l;q1m,ulr t11 tuf'illOd Willi y = To, fA 
21 ThC' ob)ttl being real. OA < O so /' > 0, it is a com-erglng lens. 0.75 6, 7S 
Rtydlqram IStt lu1 page) 6 

l l In order 10 crrate a virtual objccl, one needs 10 use an auxillil.r)' com-ergent lens We 1 
ha'l-'t' tu po~itiuna Ug.ht wun:t!, a wal objt-cl and the- aux.lllary le1,) so lhat lhe Image b rt>al. 
The position uf the image is OClcrmin<..-d using a srrccn, The lirst lens L1 uf the c.llagrdm •p1j should 1hen he placrd so that this image would he where the virtual object AR is. 
Complt'le scheme with legends of the corresponding experimenl with the dirferent elc- 0.5 

menu dcscribtd 
21 ln1em1tdlary image Ai B1 on the first focal plane or L2 0.5 
Final im.J.ge 11 lnlinily 0,5 

Jncl<X'nt ray toh·ards Rand F1• parallel to the optical axi!, hcl\..,ccn the two lenses, then I 

r,/J paHmg b)· F; ahei L1 tredl 
lncldtn1 ray paulng by 01 and 8, parallel 10 lite red ray afier L, {green) I 
lncidtnl ray parilllt:I to the optical axis lowards B, emerging after L1 from Pi and then I 
par'1.ld 10 Lh~ red ray aflt.'r Li tblue) 
If 1he palhs arc nol compleie of only afler 1.1. only half lhe poin1s. 

I) In order 10 llgh1 boau loc•1td far •way, lhe ra)~ going oul of lite l,n, should 1/m " mlinlry I 
0.5 , . ~ 

The lighl source mus! lhercfore be placed al 1he firs1 focal polnl F of lit• Im, <', I 

2) Thr fir>I foc.J polnl of a diverging l,ns Is localrd af'l,r lite len, and b lh,r,for, vlrtu.ol n,, o.s 115'1 
light source cannot be on this roca.l point fur a diverging lens I I 

]] The par axial approximation i\ valtd provided the rays rem am close to the optiul niJ and 'N''llh o.s I" 
small angles wilh respec1 10 1he optical axis. 1) 
If we use a single lens of large diameler, lite rays going from lite llgh1 sowu, Inwards lhe bor 0.5 
dcrs of lhe lens ,\'Ill be II large angles wllit resptcl lO 1he opllcal axis. and large duunc.._ ~ 11 parax.la.l approximaliun will no longi::r bi:: n lld 
These peripheral rays will not result ina heam or parallel rays. and Wlll not reach dman1 boat1. 0.$ 

4] 1n order to reduct the light intensity rt:duc1inn in I.he initial propagation dirtt:Oon. the Jal· 0.5 
ierlng power should be as small as possibl,. 

o.5 j1s According to the expression of lhe scanering power, one needs to use the largest (visible) 
wavt'lt'nglh. 
II is lhc,eforc better tu use rec.I hghL 0.5 I 

5) we recall 1hat 1he devialion corresponds to the angle of rotation of the ray after a diop&er 
r.onsidering the deviations on each diopter: D = D1 -t- 0 2 (see figure I). 
First incidence : D1 = i1 - r1 o.s 1'. Second indde1\Ct: : D2 z r2 - i2 o.s 
rc>ulting in D = D1 • D, = f1 r, + r2 - l2 = t, , t i - A o.s 

6) • I The prism fulfills ils role If the rays exil from lhe pnsm hori1.0ntally. ¼ This implies thal O mwt be equal to i1 

b) In that case ,1 • A. Smee ,2 depends in the incident angle i1, the apex angle A should bt Bo;( 
different depending on 1he prism pornion relative 10 the center. , 

Cleanness of the drawing, respect or parallelism and dashed/solk1 lines 0.5 71 a) Clean dnwin& wilit corrtct angles (5tt figure 2) o.s 0.1 
On litt mcldence poml B on lite ,-erucal face of lite prism, lite ray Is prrptndlcular 10 the 0.S 

~ diopti::r (zrro incidt:nci::I, anc.l h nut deviati::d. 
The ray reaches lhe second face of lite pu.sm un C. w11it an lnrnlcnl angle a . Using lnangl< 0.5 0, 'i" 
BCf we ge11ha1 a= A. 

CfZ On C, 1he ray is directed towards a less refractive medium, so lhat total reflection can occut o.s 
We define the critical incidence angle i, such lhat sinlirl = ~ = p. hence ir :: 36~. 

k,,f As a z A= 40g, a > it , there is total reflection on C o.s 
wilit a re0eclion angle equal to A l)iM 

The ray finally reaches lhe bonom face on Ii w11it an incldwl angle p = 180' -90• - -~ = 10• 0.5 
This lime. /J < I, , the ,ay wHI be refracted in the air, with a refracted angle r J , ~1 so 1ha1 n ·sin(P) = n,;, sin tr, J, 
=>3= 17', 0. 5 

There will he parlial reflection on£, i One can check 1ha1 lite refrae1ed angle is larger lhan lite lncldenl angle p iloglc.il. ,s lite k'<· 

uruJ mWlum ls l~ss rdrc1.clivr). I s 

Figure I : Successive deviations 

bi If 1hc angle 11 Is small, 1hc rchaclcd angle r1 will be also small. As,,= .i , 1. th<' 1ncidtnct 0.5 

~r angle 12 nn the second face will be dose to A. and may be larger than it , rt"sultmg ln" 101.&1 rt"· 
necllon; 1he ligh1 will literefore not be 1ransmi11ed 1ow:uds lite boals, nl.lklng su.-h Ughlhowe 

Figure 2: Opllcal palh 

useless ... 



. . L1 

- -- . ~ - - . -;__,,-· 
--- . _....._,. 

' A, 0 
A F1 F2. 

8',. 

·---------- -- ---- . -------~-----------
--- ---- --- - - -----

·---- ------

__ .:_.:_ ___ ..i.._ ________ --'----'-------'--------"------'- ---- ~------~---~--



I I 

- " 

r -
I 

I I 

I I 

' . 
---, - -

-+-

I ,-
' 

I I 

' 
i 
I 
' t 



I-.. -•• · I I 

I 

\ I • 

I 
\ I I \ I \ \ 

- - -

.. 

... . 

r 
. [ i -

I 
l 
l 

f I 
- ----- ____..,_ - ; ~:t L __ · . --: : _ ~: . _ 

-
I 

,. 
,.__ -- -

L _, I 

-r-
---1------

----,- I • ---r--,.-t-

1 ! . - -----,.-. - . - l --
1 I 

__ J-.._L _ _,_· _,__---, -_,_.,.._i--t_ 

I I : - - I -I ·--t-t-----+---t- ;---+---+----t---\---, - I I 

- -= ~ : ~ r--__ -;-: . 4 , I ~+---+--~--t--1-,-f-,-1 -.-I-,--,.. r-,,-,-- r---+--- - -- - - - . t 

I I ---i--;--;--:-t--~-,-,-1----,-+-1-- 1--,_,,_-,--..J-___ - . - -- . - -

. -·. - f ·-1- 1--t--' -'- - - -
~-,- .. - . ....... ---t-

1 

- ---. -·- -- - . . 
I 

I I 

l I 

__ L ___ l - - - -
I 

I I 
-r----r-------i-- ..___ - -- . ---.- -r- . - - - -- - . - ---

--t----,----1 __ -r--_ - I I -r- L - --; - -
---t 

I I 

-· ---- --- -
~- .,__ •--•I I -

_1_ 

r) -
- +- -

I i . . I -. - -
I I 

I 

I 

I I I I 

I I I 1 

I I I I I 
II 



I I 



~~ Irv, J:{~~ ("Ja.cl{uvi , i ~ 
( ~u Y'·)WR 5) ' 
( ~ f nf(i'_ S). 

' 

ithu. Ii\_ lt fu.._l dtu~cJ:~ ,i.s. ':!)::])11-+D2=- ~,i.1c2-.,1.,l,-r~. / 

=- 111.+r2. - A v 
. 6) c\,) \¾_ tifv ~ ~~~"" (.(~•\. k ~J ~ .L' ~t\,r P""°~ ~; OvJ~ 

- . Ji )11¥ a, \CL J,2. 1.h ~tr. ~ ~ 0111, ~ cx--t-
- :_ ~ c~,G\.d.;°'- &ff~½ ·. - -- · 

~n ;c. =- ((lo.:,, - . l g,JL .b:i c.or~.t-i ' fa/,\)). 
(n 

__.. - -

~/~~ ~ _-':> k ~~~ rj 
I t 

--- ~-'---

------------
-
• t 

-- .__ ____ 
t 
t 

I I 
I 

---------~-'-·-'~· _1_..__.__,__lJ_ 
• ! I I • t I I . 

> I 1 
. I 

I ' 
I I ' t I 

' I I l t I 

I 

I I l f i 

I I 
t 

I I I I 
I I -

I I I I I I I I I 

r- -

---
1 

I - -~ - ~-

l 

I 
~L-1-

' I I I 1-,- I 

I 
I t t I 

~ ~-
I I t 

I I ~--
t I 

~-1 

I I 
-

' I 

-

·e 



~111. ~ - A = r1 -- ,· 1.· : A r·· 
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