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INTERMEDIATE SPECTROMETER WITH 30MM OPTICS 
 

SPECT03 

PARTS KEY (refer to Figure 1) 
1. Slit Unit 
2. Slit Unit Clamp Screw 
3. Collimator Unit 
4. Vernier Locking Arm 
5. Stage 
6. Stage Leveling Screws (3) 
7. Vernier (double-ended) 
8. Telescope Unit 
9. Eyepiece Clamping Screw (behind eyepiece) 
10. Abbé Auto-Collimating Eyepiece 
11. Diopter Compensation Collar 
12. Telescope Leveling Screw 
13. Telescope Horizontal Alignment Screw 
14. Telescope Support Pillar 
15. Telescope Fine Adjustment Knob 
16. Telescope Locking Arm 

17. Divided Circle Locking Screw 
18 Alignment Mirror for Self-Collimating Eyepiece 
19. Base 
20. Rotating Telescope Mount with Counterweight 
21. Divided Circle 
22. Illuminated Vernier Magnifier 
23. Stage Clamping Screw 
24. Vernier Adjustment Knob 
25. Vernier Clamping Screw (behind pillar) 
26. Collimator Support Pillar 
27 Collimator Leveling Screw  
28. Collimator Horizontal Alignment Screw   
29. Slit Width Adjustment Screw 
30. AC Adapter (for self-collimating eyepiece) 
31. Telescope Clamping Screw 
32. Focusing knob (also on telescope) 
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SPECIFICATIONS 
 
1. Angle Measurement Accuracy 1’ 
2. Optical Parameters: 
  Focal Length 170mm 
  Effective Aperture 30mm 
  Field of View 3˚ 22’ 
  Focal Length of the Telescope Eyepiece 24.3mm 
  Diopter Compensation Range >±5 diopters 
3. Maximum Separation of Collimator and Telescope 120mm 
4. Slit Width 0.02--2.0mm 
5. Stage: 
  Diameter 70mm 
  Range of Rotation 360˚ 
  Range of Vertical Adjustment 20mm 
6. Divided Circle: 
  Diameter 178mm 
  Circle Graduation 0˚--360˚ 
  Division 0.5˚ 
  Vernier Resolution 1’ 
7. Dimensions 251mm(w) x 518mm(D) x 250mm(H) 
8. Net Weight 11.8 kg 
9. Accessories: 

  Prism: Dimensions: 41mm side x 29mm high 
   Angle 60˚±5’ 
   Material ZF1 (nD = 1.6475, nF - nC= 0.09192) 
  Planar Holographic Grating: 
  Dimensions: mounting plate: 58mm x 42mm 
   grating area: 45mm x 30mm 
  Ruling frequency: 300 lines/mm 
  Diffraction Grating Holder 
  AC Adapter for Auto-collimation Illumination 110VAC/5VDC 
  Mounted Plane Mirror for Auto-Collimation 
  Illuminated Magnifier 2 AA-size batteries 
  Manual 
 

APPLICATIONS 

The SPECT03 Intermediate Spectrometer with 30 mm Optics is an instrument which measures 
spectroscopic angles. It is designed to meet the needs of student lab experiments and can be used for 
the angular measurements required for refraction, diffraction, interference and polarization work. 
 

EXAMPLES OF EXPERIMENTS: 

1. Precise determination of a prism’s vertex angle using the principles of reflection; 
2. Measurement of the angle of minimum deviation of a prism using the principle of refraction, 

allowing the refractive index and dispersion of the prism material to be calculated; 
3. Wavelength determination using a prism or grating. 
4. Demonstration of diffraction phenomena and interference experiments with the grating; 
5. Experiments on polarization phenomena using a polarizer and a zone plate. 
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GENERAL DESCRIPTION 

NOTE: FOR UNPACKING AND ASSEMBLY INSTRUCTIONS, SEE PAGE 7 

The spectrometer consists of a circular  horizontal platform on a heavy base with a fixed collimator and 
slit for introducing light from an external source, a stage for supporting a dispersive element (prism or 
diffraction grating) and a telescope, mounted to rotate around the platform. The platform carries an angular 
scale ( the “divided circle”) and a vernier for making precise angle measurements. 

The assembled spectrometer is shown in Figure 1 on page 1 with the parts labeled to guide you through 
the description. 

The divided circle (21) and vernier (7) are mounted on a central axle, which is fixed to the base (19).  

They can rotate independently about the axle.  A thrust bearing under the divided circle makes the rotation 
smooth.  The divided circle is graduated 0 – 360˚ by 30’ increments.  In order to eliminate errors caused 
by the accuracy limitations of the divided circle, there are two verniers at opposite ends of a diameter of 
the circle.  Both verniers should be read and the two readings should be averaged. 

The collimator support pillar (26) is fixed to the base and the collimator unit (3) is mounted on the pillar.  
The collimator’s axis can be finely adjusted horizontally and vertically by the adjustment screws (27 & 
28) on the pillar.  The slit unit (1) is fitted into the collimator tube, and can be focused with a knob (32) 
and rotated about its axis.  The slit unit is fixed in place by a clamp screw (2).  The width of the slit can 
be varied continuously from 0.02mm to 2.0 mm by turning the adjustment screw (29). 

The telescope (8) is mounted on the telescope support  pillar (14) which is fixed to the rotating mount 

(20) and mounted on the axle.  When the divided circle clamping screw (17) is loosened, the rotating 
mount and the divided circle will rotate independently of one another, otherwise they will rotate as a unit.  
The locking screw (31) attached to the locking arm (16) clamps the telescope assembly to the axle. The 
telescope’s angle can then be precisely set with the fine adjustment knob (15).  The telescope’s axis can 
be finely adjusted horizontally and vertically by the adjustment screws (12 & 13) on the pillar.  The  Abbé 
self-collimating eyepiece (10) can be rotated about its axis and focused with a knob (similar to 32).  The 
eyepiece unit is fixed in place by a clamp screw (9). The eyepiece can be adapted to the observer’s eyes 
using the diopter compensation collar (11).  The field of view of the reticle is shown in Figure 2 below. 

The stage (5) is mounted on the vernier plate, which rotates about the axle. The locking screw (25)  
attached to the locking arm (4) clamps the stage and vernier to the axle as a unit. The angle of the stage 
and vernier can then be precisely set with the fine adjustment knob (24).  When the stage clamping 
screw (23) is loosened, the vertical position of the stage and its angle with respect to the vernier can be 
adjusted.  There are three leveling screws (6) which are used to align the surface of the stage  
perpendicular to the axle. 

 The auto-collimating eyepiece is powered by the AC adapter (30) for setup. The small plug on the cord 
of the AC adapter is connected to the socket on the cord of the eyepiece illuminator. After setup, the AC 
adapter may be disconnected. The battery-powered illuminated vernier magnifier (22) is used for reading the 
verniers in a darkened room. 

SETTING UP 

--- FOCUSING THE EYEPIECE: 
The diopter compensation collar (11) is first used to make the image of the eyepiece reticle clear.  The 
best way of achieving a sharp image is to move the eyepiece all the way back by rotating the collar, then 

Figure 2 
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move it forward until the image of the reticle can be  seen.  Finally, moving the eyepiece backwards 
again slowly will help attain best results. 

--- FOCUSING THE TELESCOPE: 
Placing the image of the reticle’s illuminated cross in the focal plane of the telescope is equivalent to 
focusing the telescope to infinity.  The following procedure is used to achieve this (auto-collimation): 
1. Connect the autocollimator supply output plug to the socket on the eyepiece unit (10).  Turn on the 

green LED with the on/off switch; 
2. Adjust the telescope axis using screws(12) & (13) until it appears to be level and pointing across the 

center of the stage; 
3. Place the alignment mirror (18) on the stage and arrange it so that the mirror surface is centered 

and parallel to one of the scribed radial lines on the stage.  Using the clamping screw, adjust the 
height and angular position of the stage so that the mirror’s reflecting surface faces the telescope 
objective and is perpendicular to the telescope’s axis; 

4. Adjust the stage leveling screws (6) to make the telescope and its reflected image line up when 
viewed from just above the eyepiece; 

5. Look through the eyepiece.  A bright green patch should be visible.  Use the knob (similar to 32) to 
focus the telescope.  A small bright green cross should be visible towards the upper region of the field of 
view.  Align this image with the vertical crosshair in the middle of the reticle and fine-adjust the focus 
until no parallax is seen between the reticle crosshairs and the sharply-focused cross.  Do not adjust 
the focus knob again during the measuring session. 

--- MAKING THE TELESCOPE’S AXIS PERPENDICULAR TO THE AXLE  
1. Adjust the leveling screw (12) to make the reflected cross accurately coincide with the upper crosshair; 
2. Rotate the vernier and the mirror on the stage together by 180˚.  A bright image of the cross should 

be visible again.  If not, rotate the stage slightly until it appears and is centered horizontally.  The 
image of the cross will now be a little above or below the upper crosshair; 

3. Adjust the stage’s three leveling screws (6) to reduce the displacement by one half; 
4. Eliminate the remaining vertical displacement by using the telescope’s leveling screw (12); 
5. Repeat steps 2 through 4 until the displacement is eliminated completely in both orientations of the 

stage. 

--- MAKING THE CROSSHAIRS VERTICAL AND HORIZONTAL: 
1. Rotate the stage and the mirror together by a small amount with respect to the telescope and 

observe whether the motion of the bright cross is horizontal or not; 
2. If the movement of the bright cross is not parallel to the crosshair of the reticle, loosen screw (9) and 

rotate the eyepiece in its tube to correct it, taking care not to disturb the focus. Re-clamp the eyepiece 
with screw (9). 

--- FOCUSING THE COLLIMATOR: 
The purpose of this adjustment is to move the slit into the focal plane of the collimator’s objective.  This 
is equivalent to focusing the collimator to infinity.  The collimator and telescope should be aligned directly 
facing each other. 
1. Unscrew the illuminator from the eyepiece mount, open the slit and illuminate it with diffuse light 

from the illuminator; 
2. Place a small piece of paper in front of the collimator’s objective.  While observing the light spot on 

the paper, change the position of the light source so that the source illuminates the objective aperture 
uniformly; 

3. Remove the paper and use the adjustment screw (28) to align the collimator axis accurately with the 
telescope.  While looking through the eyepiece, adjust the vernier knob (24) and the collimator’s leveling 
screw (27) so that the image of the slit is positioned in the center of the field of view; 

4. Adjust the focus knob (32) until the slit forms a sharp image in the reticle plane of the telescope; 
5. To make the collimator’s axis perpendicular to the axle, re-adjust the leveling screw (27) so that the 

slit image is symmetrical about the center of the field of view; 
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6. Align the collimator slit with the vertical crosshair of the reticle by rotating the slit unit in its tube, taking 
care not to disturb the collimator’s focus.  Finally, clamp the slit unit with the clamp screw (2). 

SAMPLE EXPERIMENT 

Measuring the refractive index of the prism material using the minimum deviation method. 

— PRINCIPLE: 
Figure 3 shows the top view of an equilateral prism ABC whose faces AB and AC are finely polished.  

The light is incident upon the surface AB along ray P, and exits from AC along ray P’.  The angle  

between P and P’ is called the deviation.  The deviation changes as a function of the incidence angle 

i1.  If the incidence angle is chosen so that i1= - i1’, then the deviation  is a minimum.  The minimum 

deviation angle is denoted by min  

It can be seen from Figure 3 that: 

I2 = /2,  

min/2 = i1 - /2, 

i1= ( min + )/2, 

where  is the angle of the prism. 

If the refractive index of the prism material is n, then 

sin(i1)= n sin(i2)= n sin(/2) 

n= sin(i1)/sin(/2)= sin(( + min)/2)/sin (/2) 

Hence we know that in order to find the index n we must measure: 

 The vertex angle  of the prism. 

 The minimum deviation min 

— EXPERIMENTAL PROCEDURE: 
Prepare the spectrometer for making measurements as described in the “SETTING UP” section on 
pages 3 — 5. 

– Measuring the vertex angle: 
1. Place the prism centrally on the stage with the frosted side facing the prism clamping post and the 

vertices aligned on the scribed lines of the stage.  Adjust the table height so that the telescope 
points to the centers of the polished faces  Set the angle of the vernier so that the vernier scales will 
not be obscured by the collimator or the telescope and tighten the stage clamping screw; 

2. Using the three stage leveling screws, make the surfaces AC and AB perpendicular to the telescope’s 
axis using the self-collimating method described in the section “Setting Up”; 

Figure 3 
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3. Clamp the telescope with its locking screw and rotate the table and prism so that surface AB is facing the 
telescope.  Rotate the divided circle so that the verniers show a convenient starting reading, then 
tighten the divided circle and vernier locking screws; 

4. Looking through the telescope fine-adjust the prism angle using the vernier adjustment knob until 
the bright cross coincides accurately with the crosshair; 

5. Note the two vernier readings at the opposite ends and average these readings to get the value Am 
for the face AB; 

6. Release the vernier locking screw and rotate the stage and prism so that the surface AC faces the 
telescope.  Re-tighten the vernier locking screw. 

7. Repeat steps 4 and 5 to obtain the average value Bm for the face AC; 
8. Measure Am and Bm three times and compute their average values.  Compute the vertex angle 

 = Bm - Am. 

– Measuring the minimum deviation: 
1. When the collimator’s slit is illuminated with uniform light, the parallel light beam from the collimator 

will be deviated by refraction in the prism.  Because of the dispersion of the prism material, light of 
different wavelengths will be deviated through different angles, so a measurement of the refractive 
index of the prism material must be referenced to the wavelength of the light used.  Set up a light 
source with a line spectrum in front of the slit and open the slit halfway. 

2. Release the vernier clamping screw and rotate the stage so that light from the collimator enters face 
AB of the prism at a steep angle similar to the incident ray P shown in Figure 3. With your eye at the 
level of the telescope, look into face AC of the prism at a steep angle similar to the exit ray P’ in 
Figure 3 and locate the multiple colored images of the slit. Note the approximate angle of your view 
and tighten the vernier clamping screw; 

3. Release the telescope clamping screw.  Rotate the telescope to the position of your eye and find the 
slit images in the eyepiece.  Close the slit to give only very narrow bright lines and choose a line for 
the refractive index measurement. Now release vernier clamping screw and rotate the stage slowly, 
watching the motion of the chosen slit image.  As the prism rotates, the slit images seen through the 
telescope will move at first in one direction.  A position will be found where the apparent motion 
stops, then changes direction. Adjust the prism to the point where the reverse motion just begins. 
This is the position of minimum deviation.  If no reverse of direction can be found, return to the first 
angle used and search by rotating the prism in the opposite direction; 

4. Tighten the locking screws of the telescope and the vernier. Use the vernier adjusting screw to bring 
the prism to the exact point of minimum deviation; 

5. Using the telescope fine adjustment knob, carefully adjust the telescope angle so that the crosshair 
coincides perfectly with the middle of the chosen slit image; 

6. Note the two vernier readings at the opposite ends and average them in order to get Cm. 
7. Repeat steps 2 through 5 twice to obtain three values for Cm and compute the average value; 
8. Remove the prism and release the telescope locking screw.  Rotate the telescope so that it faces 

the collimator.  Then re-tighten the telescope locking screw.  Now use the telescope fine adjustment 
to center the crosshair of the reticle on the image of the slit; 

9. Note the two vernier readings and calculate their average value in order to find Dm. 
10. Repeat steps 7 & 8 twice to obtain three values for Dm and compute their average value.  Compute 

the minimum deviation min= Dm - Cm from the average values. 

– Determining the refractive index: 

Use the measured values of  and min to obtain the refractive index of the prism material at the 
wavelength of the chosen spectral line from the formula: 

n= (sin(/2 + min/2))/sin(/2). 
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PARTS LIST 

1. Spectrometer 1 
2. Prism  1 
3. Alignment Mirror 1 
4. Illuminated Magnifier 1 
5. Planar Holographic Grating 1 
6. Grating Holder 1 
7. AC Adapter (110VAC/5VDC) 1 
8. Spare LED lamp for autocollimator 1 
9. Spare battery holder for autocollimator 1 
11. Instruction Manual 1 
12. Molded storage/transportation pack 1 

UNPACKING AND ASSEMBLY 

 First unpack the molded storage/transportation pack from the carton in which it came.   
Make sure that the box is not placed upside down.   

 Grasp the spectrometer underneath the divided circle and by the collimator support pillar and lift it 
out of the packing (it fits tightly). Do not lift the spectrometer by the collimator or telescope. 
This will damage the mountings of these parts. 

 The eyepiece & illuminator, slit unit, AC adapter, and optical accessories are packed in separate 
compartments in the molded storage/transportation pack. Remove them with care. 

 Unpack the slit unit and the telescope eyepiece and install them in their tubes.  Because the fit of the 
eyepiece and the slit unit and their respective tubes is close, clean the insides of the tubes carefully 
so that only a thin layer of lubricating grease remains before installing the eyepiece and the slit unit.  
The slit unit should be fitted into the tube which is attached on top of the fixed pillar, while the eyepiece 
unit should be placed into the tube supported on the rotating mount. 

MAINTENANCE 

To keep your instrument in good condition, please observe the following precautions: 
1. Do not use or store your instrument for prolonged periods in dusty or moist environments. 
2. When the instrument is not being used over a long time period, clean it and keep it in the instrument 

case in a dry location. 
3. Clean dust off the optical parts with the supplied brush, or carefully use a soft cotton cloth soaked in 

alcohol. 
4. The slit unit has been made and adjusted accurately; no further adjustments are necessary. 

 

 

 

 

 

COPYRIGHT NOTICE 

The SPECT03 Intermediate Spectrometer with 30 mm Optics operating instructions are copyrighted and all rights 
are reserved.  Permission is granted to all non-profit educational institutions to make as many copies of these in-
structions as they wish, as long as it is for the sole purpose of teaching students.  Reproduction by anyone for any 
other reason is prohibited. 

© 2016 United Scientific Supplies, Inc.  


