
Geometric!Op9cs!

•  Reflec9on!
•  Refrac9on!`!Snell’s!Law!
•  Mirrors!and!Lenses!
– Thin!Lens!Equa9on!
– Magnifica9on!
– Lensmaker’s!Formula!

•  Other!topics!
– Telescopes!
– Apertures!



Reflec9on!

•  Angle!of!incidence!equals!angle!of!reflec9on!

 θin!=!θout!
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Snell’s!Law!
•  Relates!angle!of!incidence!to!angle!of!refrac9on!
– n!represents!refrac&on)index!of!material'
– Can!change!depending!on!light!wavelength!
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Snell’s!Law!
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97. A beam of light has a small wavelength spread 
d l  about a central wavelength l . The beam 
travels in vacuum until it enters a glass plate at an 
angle q  relative to the normal to the plate, as 
shown in the figure above. The index of refraction 
of the glass is given by n ( )l . The angular spread 
dq �  of the refracted beam is given by 
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98. Suppose that a system in quantum state i  
has energy Ei . In thermal equilibrium, the 
expression 
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  represents which of the following? 

(A) The average energy of the system 
(B) The partition function 
(C) Unity 
(D) The probability to find the system with  

energy Ei 
(E) The entropy of the system 

 
99. A photon strikes an electron of mass m that is 

initially at rest, creating an electron-positron pair. 
The photon is destroyed and the positron and two 
electrons move off at equal speeds along the 
initial direction of the photon. The energy of the 
photon was 

(A) mc2 
(B) 2mc2 
(C) 3mc2 
(D) 4mc2 
(E) 5mc2 
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Thin!Lens!Equa9on!

•  This!is!the!only!equa9on!you!need,!provided!you!
can!interpret!it!correctly!

•  O!=!object!distance!from!lens!
•  I!=!image!distance!from!lens!
•  F!=!focal!point!distance!from!lens!



Thin!Lens!–!Geeng!Signs!Right!

 
•  Sign conventions (why this is nontrivial) 
– A is where light comes from, B is where light 

passes to 
– Note side B is different for mirrors and lenses 



Thin!Lens!–!Geeng!Signs!Right!

•  Recommend!picking!on!case!to!memorize!
– O!>!0!
– F!>!0!
–  I!=!?!
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74. The figure above shows an object O placed at a distance R 
to the left of a convex spherical mirror that has a radius of 
curvature R. Point C is the center of curvature of the mirror. 
The image formed by the mirror is at 

(A) infinity 
(B) a distance R to the left of the mirror and inverted 

(C) a distance R to the right of the mirror and upright 

(D) a distance 
3
R  to the left of the mirror and inverted 

(E) a distance 
3
R  to the right of the mirror and upright 

 



Thin!Lens!Example!

007626-54721 • ETS/ GRE Practicing to Take the Lit in English Test • RI51621 • OC 5/9/01revs 5/18/01 rkc • revs 6/29/01 rKc* • revs 7/20/01 sb • preflight 8/10/01 chw • revs 5/16/02 jjh • revs 6/12/02 jjh • 
preflight 6/27/02 jjh • 1stRevs…3.5.04…kaj • preflight 04/01/04 mwr • dr01 4/22/10 mc • dr01revs 5/7/10 mc • pdf 5/10/10 mc • Drft02 5/20/10 jdb • Revs Drft02 5/26/10 jdb • PDF Drft002/5/26/10 jdb • Preflight 
6/2/10 jdb • dr01 5/4/11 mc • RevsDrft01 5/12/11 jdb • PDF Drft01 5/12/11 jdb • Drft02 5/23/11 jdb • PDF Drft02 5/24/11 jdb • Preflight 6/6/11 jdb

58

 
 
 

Unauthorized copying or reuse of 
any part of this page is illegal.  GO ON TO THE NEXT PAGE. 

-50- 

 

 

74. The figure above shows an object O placed at a distance R 
to the left of a convex spherical mirror that has a radius of 
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Thin!Lens!Example!–!Ray!Diagram!

•  Draw!rays!to!get!qualita9ve!sense!of!image!
–  Rays!from!object!to!focus!reflect!parallel!
–  Parallel!rays!from!object!reflect!from!focus!
–  Rays!from!object!to!center!reflect!at!equal!angle!

•  Same!deal!for!lenses,!but!with!passing!through!!



Example!Ray!Diagrams!`!Lenses!

h]p://hyperphysics.phy`astr.gsu.edu/%E2%80%8Chbase/geoopt/raydiag.html!



Magnifica9on!

•  Magnifica9on!is!image!size!rela9ve!to!object!
–  Image!is!“imaginary”!if!not!in!real!space!(I!<!0)!
–  Image!is!“real”!if!projected!into!real!space!



One!more!example:!Mul9ple!Lenses!

•  Treat the image from the 
first lens as a virtual object 
–  1. Find the image from the 

first lens 
–  2. Use geometry to find O 

for the second lens 
–  3. Apply lens equation a 

second time 

 
 
 

Unauthorized copying or reuse of 
any part of this page is illegal.  GO ON TO THE NEXT PAGE. 

 

 

 8. A positive charge Q is located at a distance L 
above an infinite grounded conducting plane,  
as shown in the figure above. What is the total 
charge induced on the plane? 

(A) 2Q 
(B) Q 
(C) 0 
(D) �Q 
(E) �2Q 

 
 9. Five positive charges of magnitude q are 

arranged symmetrically around the circumference 
of a circle of radius r. What is the magnitude of 
the electric field at the center of the circle? 
( )k = 1 4 0p!  

(A) 0 
(B) kq r2

 
(C) 5 2kq r  
(D) ( / ) cos /kq r2 2 5pa f  
(E) ( / ) cos /5 2 52kq r pa f 

 
10. A 3-microfarad capacitor is connected in series 

with a 6-microfarad capacitor. When a 300-volt 
potential difference is applied across this com-
bination, the total energy stored in the two 
capacitors is 

(A) 0.09 J 
(B) 0.18 J 
(C) 0.27 J 
(D) 0.41 J 
(E) 0.81 J 

 

 

11. An object is located 40 centimeters from the  
first of two thin converging lenses of focal lengths 
20 centimeters and 10 centimeters, respectively, 
as shown in the figure above. The lenses are 
separated by 30 centimeters. The final image 
formed by the two-lens system is located 

(A) 5.0 cm to the right of the second lens 
(B) 13.3 cm to the right of the second lens 
(C) infinitely far to the right of the second lens 
(D) 13.3 cm to the left of the second lens 
(E) 100 cm to the left of the second lens 

 
 
 

 

12. A spherical, concave mirror is shown in the figure 
above. The focal point F and the location of the 
object O are indicated. At what point will the 
image be located? 

(A) I 
(B) II 
(C) III 
(D) IV 
(E) V 

 

16



Mul9ple!lenses!

•  First lens: O = 40 cm, F = 20 cm, I = ? 
•  Second lens: F = 10 cm, O = ?, I = ? 
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Lensmaker’s!formula!
•  Find!the!focal!point,!
given!the!radii!of!the!
two!faces!of!the!lens!

h]p://hyperphysics.phy`astr.gsu.edu/hbase/hframe.html!
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14. Two experimental techniques determine the 
mass of an object to be 11 r 1 kg and 10 r 2 kg. 
These two measurements can be combined to 
give a weighted average. The uncertainty of the 
weighted average is equal to which of the 
following? 

(A) 1
2

 kg 

(B) 2
5

 kg 

(C) 2
3

 kg 

(D) 2 kg 

(E) 5  kg 
 

15. If the five lenses shown below are made of the 
same material, which lens has the shortest positive 
focal length? 

(A) 

 
(B) 

 
(C) 

 
(D) 

 
(E) 

 
 



Telescopes!

•  Telescope angular magnification 
–  fE: Focal length of eyepiece 
–  fO: Focal length of objective 
– Note: The two lenses share a focal point 


