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PREFACE 
 
 
 
This book is intended for undergraduates in physics and optics. The 
background for the experiments in this book is based on our previous book 
Introduction to Optical Components, published by CRC Press in March 
2018. There are 45 experiments in this book. Optical, optomechanical, and 
other components for these experiments are available from several vendors 
including Edmund Optics, Newport, and Thorlabs in the United States. 
Stock numbers for the optical, optomechanical, and other components 
given in this book are mostly from Edmund Optics or Thorlabs. One of 
each of the optical, optomechanical, and other components listed in 
Appendix A.3 can be purchased for a total of about $16,000. These 
components will cost more than $16,000 if more than one component is 
purchased. In addition, ¼”-20 and other screws are required for mounting 
the optomechanical components. The experiments in this book are 
relatively easy to set up. However, some tinkering may be needed in 
mounting the optical and optomechanical components to the breadboard. 
Measurement and analysis of the experiments is also relatively easy.  
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CHAPTER 1 

LENSES  
 
 
 

1.1 Focal length of a lens 

The effective focal length of a lens is given by ଵ௙ഊ = (݊ఒ − 1) ቂ ଵோభ − ଵோమ + (௡ഊିଵ)௧಴௡ഊோభோమ ቃ    (1.1)           

where n is the refractive index of lens material at wavelength , R1 and R2 
are radii of curvature of the left-hand side and right-hand side lens 
surfaces, respectively, and tC is the center thickness of the lens. The sign 
convention for the radius of curvature is that it is positive if the center of 
curvature is to the right-hand side of the surface and negative if the center 
of curvature is to the left-hand side of the surface. The back focal length of 
the lens is given by 

 ఒ݂஻ = ఒ݂ +  ଶ    (1.2)ߜ
where 

ଶߜ  = − ఒ݂ݐ஼ ቀ௡ഊିଵ௡ഊோభቁ                                            (1.3) 

Combining Equations (1.2) and (1.3), we obtain 

 ఒ݂஻ = ఒ݂ ቂ1 − ஼ݐ ቀ௡ഊିଵ௡ഊோభቁቃ                          (1.4)  

Experiment 1.1: Measure the back focal length fλB of a N-BK7 25.0-mm 
diameter 35-mm effective focal length plano-convex lens using a 532-nm 
laser. Determine the effective focal length of the lens using a value of 
1.517 for nλ for λ= 532 nm. 
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The optical components for this experiment are the following: 

1. 0.9-mW 532-nm laser (Thorlabs stock no. CPS532-C2 for 
$162.18 in 2018). 

2. 25.0-mm diameter, 35.0-mm effective focal length, MgF2-
coated N-BK7 plano-convex lens (Edmund Optics stock no. 
45-146 for $32.50 in 2018).  

3. 10-μm ceramic aperture (Edmund Optics stock no. 84-910 
for $107.00 in 2018). 

4. UV-NIR silicon power photodetector (Edmund Optics stock 
no. 89-310 for $795.00 in 2018). 

The optomechanical and other components for this experiment are the 
following: 

1. 5VDC regulated power supply (Thorlabs stock no. LDS5 for 
$86.96 in 2018), 11-mm diameter kinematic mount (Thorlabs 
stock no. MK11F for $90.00 in 2018), 3” stainless-steel post 
(Edmund Optics stock no. 59-754 for $10.25 in 2018), 3” post 
holder (Edmund Optics stock no. 58-979 for $13.25 in 2018), 
1/2” translation stage (Thorlabs stock no. MT1 for $297.94 in 
2018), and a base plate for the ½” translation stage (Thorlabs 
stock no. MT401 for $23.66 in 2018) for the 0.9-mW 532-nm 
laser.  

2. 25/25.4-mm kinematic mount (Edmund Optics stock no. 58-854 
for $109.00 in 2018), 3” stainless-steel post (Edmund Optics 
stock no. 59-754 for $10.25 in 2018), 3” post holder (Edmund 
Optics stock no. 58-979 for $13.25 in 2018), and a 2”x3” slotted 
base plate (Edmund Optics stock no. 03-655 for $15.00 in 2018) 
for the 35.0-mm effective focal length lens.  

3. Mount for 10-mm optics (Thorlabs stock no. LMR10 for $20.81 
in 2018), 3” stainless-steel post (Edmund Optics stock no. 59-754 
for $10.25 in 2018), 3” post holder (Edmund Optics stock no. 58-
979 for $13.25 in 2018), 1/2” translation stage (Thorlabs stock 
no. MT1 for $297.94 in 2018), and a base plate for the ½” 
translation stage (Thorlabs stock no. MT401 for $23.66 in 2018) 
for the 10-μm ceramic aperture.  
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4. Power meter (Edmund Optics stock no. 89-305 for $850.00 in 
2018), adjustable-height V-clamp (Thorlabs stock no. VG100 for 
$87.98 in 2018), 3” stainless-steel post (Edmund Optics stock no. 
59-754 for $10.25 in 2018), 3” post holder (Edmund Optics stock 
no. 58-979 for $13.25 in 2018), and a 2”x3” slotted base plate 
(Edmund Optics stock no. 03-655 for $15.00 in 2018) for the 
UV-NIR photodetector. 

5. 3” spring-type caliper and divider (Starrett stock no. 274-3 for 
$68.00 in 2018).  

Figure 1.1 shows a schematic of experiment 1.1. 

 

Figure 1.1 Schematic of experiment 1.1. 

The schematic of experiment 1.1 is achieved through the following 
procedure: 

1. The 0.9-mW 532-nm laser is mounted on the breadboard using 
the 11-mm diameter kinematic mount, 3” stainless-steel post, 3” 
post holder, 1/2” travel translation stage, and the base plate for 
the ½” travel translation stage.  

2. The 0.9-mW 532-nm laser is aligned so that the 3.5-mm diameter 
collimated laser beam propagates parallel to the long edge of the 
breadboard at a fixed height of 6.5” above the breadboard.   

3. The 35-mm effective focal length lens is attached to the 
breadboard using the 25/25.4-mm diameter kinematic mount, 3” 
stainless-steel post, 3” post holder, and 2”x3” slotted base plate.  
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4. The UV-NIR silicon power photodetector is attached to the 
breadboard using the adjustable-height V-clamp, 3” stainless-
steel post, 3” post holder, and 2”x3” slotted base plate.  

5. The position of the 25.0-mm diameter, 35-mm effective focal 
length lens is adjusted so that the 3.5-mm diameter 532-nm laser 
beam is incident upon the center of the lens and is perpendicular 
to the plane of the lens. This can be achieved by covering the 
back side of the lens with a washer-shaped piece of thick paper 
with an outer diameter of 25 mm and a central hole of 3 mm 
diameter, and then maximizing the output signal of the UV-NIR 
silicon power photodetector by adjusting the position and angle 
of the lens.  Also, when the lens is centered and its plane surface 
is perpendicular to the laser beam, the back reflection from the 
planar face of the lens will be collinear with the incoming laser 
beam.  

6. The 10-μm ceramic aperture is attached to the breadboard using 
the adaptor for 10-mm diameter optics, mount for 18-mm optics, 
3” stainless-steel post, 3” post holder, ½” translation stage, and 
base plate for the ½” translation stage.  The center of the stage is 
positioned 30 mm behind the back surface of the lens. 

7. The 10-μm ceramic aperture is positioned 30 mm behind the 35-
mm effective focal length lens (with the lens positioned between 
the laser and the 10-μm ceramic aperture). At this distance the 
laser beam spot on the ceramic should be larger than the area of 
the opening of the 10-μm ceramic aperture. Make vertical 
adjustment of the aperture until the laser spot is centered on the 
aperture opening (visual verification is sufficient at this time). 

8. Angular adjustment of the 10-μm ceramic aperture: the amount of 
laser light going through the aperture is very sensitive to the 
angle of the plane of the 10-μm ceramic aperture with respect to 
the direction of the laser beam.  Therefore angular adjustments 
must be made to ensure that maximum laser beam throughput is 
achieved.  Angular optimization can be achieved by maximizing 
the output signal of the UV-NIR silicon power photodetector 
through trial and error as the angle of the plane of the aperture is 
adjusted. 

9. Centering the 10-μm ceramic aperture: the plane of the 10-μm 
ceramic aperture is translated in a horizontal direction, 
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perpendicular to the laser beam, until maximal laser beam is 
achieved by adjusting the angle of the 3” stainless-steel post so as 
to maximize the output signal of the UV-NIR silicon power 
photodetector.  

10. The 10-μm ceramic aperture is moved along the long edge of the 
breadboard using the ½” translation stage away from the lens so 
as to maximize the signal output of the UV-NIR silicon power 
photodetector.  

11. As the 10-μm ceramic aperture is moved away from the lens 
horizontally, the UV-NIR silicon power photodetector signal will 
increase at first, then it may reach a plateau, and finally it 
decreases again. Suppose the plateau occurs over the horizontal 
position range D to D+Δ. Move the aperture back to the middle 
of this range, i.e. horizontal position D+Δ/2. 

12. Fine tuning of the vertical position of the 10-μm ceramic 
aperture: the vertical position of the 10-μm ceramic aperture is 
optimized by adjusting the height of the 3” stainless-steel post so 
as to maximize the output signal of the UV-NIR silicon power 
photodetector.  Refer to procedures in step 11 if you see a plateau 
in the output signal of the UV-NIR silicon power photodetector. 

13. Fine tuning the position of the 10-μm ceramic aperture: the 
position of the 10-μm ceramic aperture is adjusted until the 
optimum distance from the lens is achieved (using the same 
procedure as described in step 12). 

14. The horizontal distance between the 10-μm ceramic aperture at 
the above position and the back of the 35-mm effective focal 
length lens represents the back focal length of the lens, which 
may be measured using a Starrett 274-3 spring-type caliper and 
divider.  

1.2 Focal length of a combination of two lenses 

The focal length F of a combination of two lenses is given by 

 
ଵி = ଵ௙భ + ଵ௙మ − ௗ௙భ௙మ                                        (1.5) 
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where f1 and f2 are the focal lengths of the two lenses and d is the distance 
between the centers of the two lenses. Equation (1.5) may be written as 

ܨ  = ௙భ௙మ(௙భା௙మ)ିௗ                                        (1.6) 

Equation (1.6) shows that F is negative if d > (f1+f2). In this case, the 
collimated beam of light incident upon the combination of the two lenses 
will focus on the right-hand side of the second lens of focal length f2. F is 
determined from a measurement of the back focal point of the second lens 
using the following equation ܨ = ௙ಳమቀଵି ೏೑భቁ     (1.7) 

where fB2 is the distance between the second lens and its back focal point. 

Experiment 1.2: Measure the focal length of a combination of two double-
convex lenses with focal lengths f1 = 25.0 mm and f2 = 50.0 mm using a 
value of 100 mm for d and a 0.9-mW 532-nm laser. 

The optical components for this experiment are the following:  

1. 0.9-mW 532-nm laser (Thorlabs stock no. CPS532-C2 for 
$162.18 in 2018).  

2. 25.0-mm diameter, 25.0-mm effective focal length MgF2-coated 
N-SF5 double-convex lens (Edmund Optics stock no. 32-490 for 
$31.50 in 2018).  

3. 25.0-mm diameter, 50.0-mm effective focal length MgF2-coated 
N-BK7 double-convex lens (Edmund Optics stock no. 32-625 for 
$31.50 in 2018).  

4. 10-μm ceramic aperture (Edmund Optics stock no. 84-910 for 
$107.00 in 2018).  

5. UV-NIR silicon power photodetector (Edmund Optics stock no. 
89-310 for $795.00 in 2018). 

The optomechanical and other components for this experiment are the 
following:  
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1. 5 VDC regulated power supply (Thorlabs stock no. LDS5 for 
$86.95 in 2018), 11-mm diameter kinematic mount (Thorlabs 
stock no. MK11F for $90.00 in 2018), 3” stainless-steel post, 3” 
post holder, ½” translation stage (Thorlabs stock no. MT1 for 
$297.84 in 2018), and a base plate for the ½” translation stage 
(Thorlabs stock no. MT401 for $23.66 in 2018) for the 0.9-mW 
532-nm laser.  

2. 25/25.4-mm kinematic mount (Edmund Optics stock no. 58-854 
for $109.00 in 2018), 3” stainless-steel post (Edmund Optics 
stock no. 59-754 for $10.25 in 2018), 3” post holder (Edmund 
Optics stock no. 58-979 for $13.25 in 2018), and a 2”x3” slotted 
base plate (Edmund Optics stock no. 03-655 for $15.00 in 2018) 
for the 25.0-mm effective focal length lens. 

3. 25/25.4-mm kinematic mount (Edmund Optics stock no. 58-854 
for $109.00 in 2018), 3” stainless-steel post (Edmund Optics 
stock no. 59-754 for $10.25 in 2018), 3” post holder (Edmund 
Optics stock no. 58-979 for $13.25 in 2018), and a 2”x3” slotted 
base plate (Edmund Optics stock no. 03-655 for $15.00 in 2018) 
for the 50.0-mm effective focal length lens.   

4. Mount for the 10-mm optics (Thorlabs stock no. LMR10 for 
$20.81 in 2018), 3” stainless-steel post (Edmund Optics stock no. 
59-754 for $10.25 in 2018), 3” post holder (Edmund Optics stock 
no. 58-979 for $13.25 in 2018), 1/2” translation stage (Thorlabs 
stock no. MT1 for $297.94 in 2018), and a base plate for the ½” 
translation stage (Thorlabs stock no. MT401 for $23.66 in 2018) 
for the 10-μm ceramic aperture.   

5. Power meter (Edmund Optics stock no. 89-305 for $850.00 in 
2018), adjustable-height V-clamp (Thorlabs stock no. VG100 for 
$87.98 in 2018), 3” stainless-steel post (Edmund Optics stock no. 
59-754 for $10.25 in 2018), 3” post holder (Edmund Optics stock 
no. 58-979 for $13.25 in 2018), and a 2”x3” slotted base plate 
(Edmund Optics stock no. 03-655 for $15.00 in 2018) for the 
UV-NIR silicon power photodetector. 

 Figure 1.2 shows a schematic of experiment 1.2.  
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Figure 1.2 Schematic of experiment 1.2. 

The schematic of experiment 1.2 is achieved through the following 
procedure: 

1. The 0.9-mW, 532-nm laser is attached to the 36”x12” breadboard 
using the 11-mm diameter kinematic mount, 3” stainless-steel 
post, 3” post holder, 1/2” translation stage, and the base plate for 
the ½” translation stage. 

2. The 0.9-mW 532-nm laser is aligned so that the 3.5-mm diameter 
collimated laser beam propagates parallel to the long edge of the 
36”x12” breadboard at a fixed height of 6.5” above the bread 
board.   

3. The 25.0-mm effective focal length lens is attached to the 
36”x12” breadboard using the 25/25.4-mm kinematic mount, 3” 
stainless-steel post, 3” post holder, and 2”x3” slotted base plate. 

4. The 25.0-mm effective focal length lens is adjusted so that the 
3.5-mm diameter laser beam is incident upon the center of the 
25.0-mm effective focal length lens. 

5. The 50.0-mm effective focal length lens is attached to the 
36”x12” breadboard at a distance of 100 mm from the 25.0-mm 
effective focal length lens using the 25/25.4-mm kinematic 
mount, 3” stainless-steel post, 3” post holder, and 2”x3” slotted 
base plate. 
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6. The 25.0-mm effective focal length lens focuses the 3.5-mm 
diameter, 532.0-nm laser beam at a distance of 25 mm on the 
right-hand side of this lens.  

7. The focused beam expands to a diameter of 10.5 mm when it is 
incident upon the center of the 50.0-mm effective focal length 
lens. 

8. Adjust the 50.0-mm effective focal length lens so that the 532.0-
nm laser beam is incident upon the center of the 50.0-mm 
effective focal length lens.  

9. The 50.0-mm effective focal length lens focuses the 532.0-nm 
laser beam at a distance of 150 mm on the right-hand side of this 
lens.  

10. The 10-μm ceramic aperture is attached to the 36”x12” 
breadboard using the mount for the 10-mm diameter optics, 3” 
stainless-steel post, 3” post holder, ½” translation stage, and base 
plate for the ½” translation stage. 

11. The UV-NIR silicon power photodetector is attached to the 
36”x12” breadboard using the adjustable-height V-clamp, 3” 
stainless-steel post, 3” post holder, and 2”x3” slotted base plate.  

12. The 10-μm ceramic aperture is positioned so that the laser beam 
focused by the 50.0-mm effective focal length lens is centered 
upon the 10-μm ceramic aperture using the stainless-steel post for 
the vertical motion and the base plate for the ½” translation stage 
for the horizontal motion.  To achieve this optimal position, the 
signal from the UV-NIR silicon power photodetector is to be 
maximized by vertical adjustment, rotational adjustment and 
horizontal adjustment (perpendicular to the laser beam). 

13. The 10-μm ceramic aperture is moved along the long edge of the 
breadboard using the ½” translation stage so as to maximize the 
signal output of the UV-NIR silicon power photodetector.  

14. As the 10-μm ceramic aperture is moved away from or towards 
the 50.0-mm effective focal length lens horizontally, the UV-NIR 
silicon power photodetector signal may show a plateau over  
horizontal position range D to D+Δ. Move the aperture back to 
the middle of this range, i.e. horizontal position D+Δ/2. 
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15. Fine tuning of the vertical position of the 10-μm ceramic 
aperture: the vertical position of the 10-μm ceramic aperture is 
optimized by adjusting the height of the 3” stainless-steel post so 
as to maximize the output signal of the UV-NIR silicon power 
photodetector.  Refer to procedures in step 12 if you see a plateau 
in the output signal of the UV-NIR silicon power photodetector. 

16. Fine tuning the horizontal position of the 10-μm ceramic 
aperture: the position of the 10-μm ceramic aperture is adjusted 
until the optimum distance from the lens is achieved (using the 
same procedure as described in step 14). 

15. The distance between the position of the 10-μm ceramic aperture 
corresponding to the middle of the maximum signal and the back 
center of the 50.0-mm effective focal length lens represents the 
back focal length fB2 of the 50.0-mm effective focal length lens, 
which may be measured using a Starrett 274-3 spring-type caliper 
and divider.     

1.3  Spherical aberration of a lens 

The longitudinal spherical aberration (LSA) for a collimated ray incident 
at the height h from the optical axis of a lens of focal length f is given by 

ܣܵܮ  = ௛మ଼௙௡(௡ିଵ) × 

     ቂ௡ାଶ௡ିଵ ଶݍ − 4(݊ + ݍ(1 + (3݊ + 2)(݊ − 1) + ௡య௡ିଵቃ      (1.8) 

where n is the refractive of the lens and q is the shape factor of the lens 
given by 

ݍ  = ோమାோభோమିோభ         (1.9) 

where R1 and R2 are the left-hand side and right-hand side radii of 
curvature of the lens, respectively. For a double-convex lens with R2 = -R1, 
q = 0 and Equation (1.8) becomes 

ܣܵܮ  = ௛మ଼௙௡(௡ିଵ) ቂ(3݊ + 2)(݊ − 1) + ௡య௡ିଵቃ       (1.10) 
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Experiment 1.3: Measure the spherical aberration of a double-convex lens 
with n equal to 1.5, effective focal length f equal to 25.0 mm, diameter d 
equal to 25.0 mm, and h = 10 mm using a 632.8-nm He-Ne laser. 

The optical components for this experiment consist of the following:  

1. 0.8-mW 632.8-nm He-Ne laser (Thorlabs stock no. HNLS008L 
for $889.44 in 2018).  

2. 25.0-mm diameter, 25.0-mm effective focal length MgF2-coated 
N-SF5 double-convex lens (Edmund Optics stock no. 32-490 for 
$31.50 in 2018).  

3. 10-μm ceramic aperture (Edmund Optics stock no. 84-910 for 
$107.00 in 2018). 

4. UV-NIR silicon power photodetector (Edmund Optics stock no. 
89-310 for $795.00 in 2018). 

The optomechanical components for this experiment consist of the 
following:  

1. 25/25.4-mm kinematic mount (Edmund Optics stock no. 58-854 
for $109.00 in 2018), 3” stainless-steel post (Edmund Optics 
stock no. 59-754 for $10.25 in 2018), 3” post holder (Edmund 
Optics stock no. 58-979 for $13.25 in 2018), and a 2”x3” slotted 
base plate (Edmund Optics stock no. 03-655 for $15.00 in 2018) 
for the 25.0-mm effective focal length lens.  

2. Mount for the 10-mm optics (Thorlabs stock no. LMR10 for 
$20.81 in 2018), 3” stainless-steel post (Edmund Optics stock no. 
59-754 for $10.25 in 2018), 3” post holder (Edmund Optics stock 
no. 58-979 for $13.25 in 2018), 1/2” translation stage (Thorlabs 
stock no. MT1 for $297.94 in 2018), and a base plate for the ½” 
translation stage (Thorlabs stock no. MT401 for $23.66 in 2018) 
for the 10-μm ceramic aperture.  

3. Power meter (Edmund Optics stock no. 89-305 for $850.00 in 
2018), adjustable-height V-clamp (Thorlabs stock no. VG100 for 
$87.98 in 2018), 3” stainless-steel post (Edmund Optics stock no. 
59-754 for $10.25 in 2018), 3” post holder (Edmund Optics stock 
no. 58-979 for $13.25 in 2018), and 2”x3” slotted base plate 
(Edmund Optics stock no. 03-655 for $15.00 in 2018) for the 
UV-NIR silicon power photodetector. 
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Figure 1.3 shows a schematic of experiment 1.3. 

 
Figure 1.3 Schematic of experiment 1.3. 

The schematic of experiment 1.3 is achieved through the following 
procedure:  

1. The 0.8-mW 632.8-nm He-Ne laser is mounted on the 36”x12” 
breadboard using the 3” stainless-steel post, 3” post holder, ½” 
translation stage, and the base plate for the ½” translation stage.  

2. The 632.8-nm He-Ne laser is aligned so that the 0.48-mm 
diameter collimated laser beam propagates parallel to the long 
edge of the 36”x12” breadboard at a fixed height of 6.5” above 
the breadboard.   

3. The 25.0-mm effective focal length lens is attached to the 
36”x12” breadboard using the 25/25.4-mm kinematic mount, 3” 
stainless-steel post, 3” post holder, and 2”x3” slotted base plate.  

4. The 25.4-mm effective focal length lens is adjusted so that the 
0.48-mm diameter He-Ne laser beam is incident upon the center 
of the 25.4-mm effective focal length lens.  

5. The 10-μm ceramic aperture is attached to the 36”x12” 
breadboard using the mount for 10-mm diameter optics, 3” 
stainless-steel post, 3” post holder, ½” travel translation stage, 
and base plate for the ½” translation stage. 
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6. The 10-μm ceramic aperture is positioned so that the laser beam 
focused by the 25.0-mm effective focal length lens is centered 
upon the 10-μm ceramic aperture.  

7. The 10-μm ceramic aperture is moved along the long edge of the 
36”x12” breadboard using the translation stage so as to maximize 
the signal output of the UV-NIR silicon power photodetector.  

8. The maximum detector signal will be obtained not for a unique 
horizontal position of the aperture, but over the range D and D+Δ. 
Move the aperture to the middle of this range, i.e. D+Δ/2. 

9. The location of the 10-μm ceramic aperture in the middle of the 
maximum signal determines the position of the paraxial focal 
point of the lens.  

10. The 632.8-nm He-Ne laser is then translated through a distance of 
10 mm and the new position of the focal point for h = 10 mm is 
determined by translating the 10-mm ceramic aperture so that the 
632.8-nm laser beam passes through the pinhole. 

11. The displacement of the 10-mm ceramic aperture from the 
paraxial focal point to the focal point for h = 10 mm is a measure 
of the spherical aberration of the 25-mm effective focal length 
biconvex lens. 

1.4  Chromatic aberration of a lens 

The chromatic aberration CA of a lens is due the variation of the refractive 
index n with the wavelength of light. The focal length of a thin lens is 
given by 

 
ଵ௙ = (݊ − 1) ቂ ଵோభ − ଵோమቃ      (1.11) 

        
The fractional CA is then given by 

 
஼஺௙ = ௡మష௡భ௡೘ିଵ                                  (1.12) 
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where n1 and n2 are the refractive indices at wavelengths λ1 and λ2, 
respectively, and nm is the refractive index at the mean wavelength λ = 
(λ1+λ2)/2. 

Experiment 1.4: Measure the chromatic aberration CA of a BK7 plano-
convex lens of 100-mm focal length using 532-nm and 632-nm lasers. 
Using the measured value of CA, determine the value of the difference in 
the refractive index of the lens for the 532-nm and 632-nm wavelengths. 

The optical components for this experiment consist of the following:  

1. 0.9-mW 532-nm laser (Thorlabs stock no. CPS532-C2 for 
$162.18 in 2018).  

2. 0.8-mW 632.8-nm He-Ne laser (Thorlabs stock no. HNLS008L 
for $889.44 in 2018).  

3. 25.0-mm diameter, 100.0-mm effective focal length MgF2-coated 
N-BK7 plano-convex lens (Edmund Optics stock no. 32-482 for 
$31.50 in 2018).  

4. 10-μm diameter ceramic aperture (Edmund Optics stock no. 84-
910 for $107.00 in 2018).  

5. UV-NIR silicon power photodetector (Edmund Optics stock no. 
89-310 for $795.00 in 2018). 

The optomechanical components for this experiment consist of the 
following: 

1. 5VDC regulated power supply (Thorlabs stock no. LDS5 for 
$86.96 in 2018), 11-mm diameter kinematic mount (Thorlabs 
stock no. MK11F for $90.00 in 2018), 3” stainless-steel post 
(Edmund Optics stock no. 59-754 for $10.25 in 2018), 3” post 
holder (Edmund Optics stock no. 58-979 for $13.25 in 2018), 
1/2” translation stage (Thorlabs stock no. MT1 for $297.94 in 
2018), and a base plate for the ½” translation stage (Thorlabs 
stock no. MT401 for $23.66 in 2018) for the 0.9-mW 532-nm 
laser.  

2. 3” stainless-steel post (Edmund Optics stock no. 59-754 for 
$10.25 in 2018), 3” post holder (Edmund Optics stock no. 58-979 
for $13.25 in 2018), ½” translation stage (Thorlabs stock no. 
MT1 for $297.84 in 2018), and a base plate for the ½” translation 
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stage (Thorlabs stock no. MT401 for $23.66 in 2018) for the 0.8-
mW 632.8-nm He-Ne laser.  

3. 25/25.4-mm kinematic mount (Edmund Optics stock no. 58-854 
for $109.00 in 2018), 3” stainless-steel post (Edmund Optics 
stock no. 59-754 for $10.25 in 2018), 3” post holder (Edmund 
Optics stock no. 58-979 for $13.25 in 2018), and a 2”x3” slotted 
base plate (Edmund Optics stock no. 03-655 for $15.00 in 2018) 
for the 100.0-mm effective focal length lens.  

4. Mount for the 10-mm optics (Thorlabs stock no. LMR10 for 
$20.81 in 2018), 3” stainless-steel post (Edmund Optics stock no. 
59-754 for $10.25 in 2018), 3” post holder (Edmund Optics stock 
no. 58-979 for $13.25 in 2018), ½” translation stage (Thorlabs 
stock no. MT1 for $297.94 in 2018), and a base plate for the ½” 
translation stage (Thorlabs stock no. MT401 for $23.66 in 2018) 
for the 10-μm ceramic aperture.  

5. Power meter (Edmund Optics stock no. 89-305 for $850.00 in 
2018), adjustable-height V-clamp (Thorlabs stock no. VG100 for 
$87.98 in 2018), 3” stainless-steel post (Edmund Optics stock no. 
59-754 for $10.25 in 2018), 3” post holder (Edmund Optics stock 
no. 58-979 for $13.25 in 2018), and a 2”x3” slotted base plate 
(Edmund Optics stock no. 03-655 for $15.00 in 2018) for the 
UV-NIR silicon power photodetector.  

Figure 1.4 shows a schematic of experiment 1.4.  

 

Figure 1.4 Schematic of experiment 1.4. 
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The schematic of experiment 1.4 is achieved through the following 
procedure:  

1. The 0.9-mW 532-nm laser is mounted on the 36”x12” breadboard 
using the 11-mm kinematic mount, 3” stainless-steel post, 3” post 
holder, 1/2” translation stage, and the base plate for the ½” 
translation stage. 

2. The 0.9-mW 532-nm laser is aligned so that the 3.5-mm diameter 
collimated laser beam propagates parallel to the long edge of the 
36”x12” breadboard at a fixed height of 6.5” above the 36”x12” 
breadboard.   

3. The 100.0-mm effective focal length lens is attached to the 
36”x12” breadboard using the 25/25.4-mm kinematic mount, 3” 
stainless-steel post, 3” post holder, and 2”x3” slotted base plate.  

4. The 100.0-mm effective focal length is adjusted so that the 3.5-
mm diameter laser beam is incident upon the center of the 100.0-
mm effective focal length lens.  

5. The 10-μm ceramic aperture is attached to the 36”x12” 
breadboard using the mount for the 10-mm optics, 3” stainless-
steel post, 3” post holder, 1/2” translation stage, and the base 
plate for the ½” translation stage. 

6. The 10-μm ceramic aperture is positioned so that the laser beam 
focused by the 100.0-mm effective focal length lens is centered 
upon the 10-μm ceramic aperture. 

7. The UV-NIR silicon power photodetector is attached to the 
36”x12” breadboard using the adjustable-height V-clamp, 3” 
stainless-steel post, 3” post holder, and 2”x3” slotted base plate.  

8. The 10-μm ceramic aperture is moved along the long edge of the 
36”x12” breadboard using the ½” translation stage so as to 
maximize the signal output of the UV-NIR silicon power 
photodetector.  

9. The maximum signal should be observed over some distance.   

10. The position of the 10-m ceramic aperture corresponding to the 
middle of the maximum signal represents the paraxial focal spot 
of the 100.0-mm effective focal length lens for the 532-nm laser.  


