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Practice Problem Set 2 

Components of Optical Instruments 

 

1. Why a photomultiplier tube detector can not be used in the infrared region? 
 

For the photomultiplier tube to respond to electromagnetic radiation, the photon 

hitting the cathode should have an energy in the UV-Visible region of the 

electromagnetic spectrum. Photons in the infrared region have much less energy, 

thus a PMT will not respond to light intensity in the infrared region of the 

spectrum. In other words, an IR photon does not have enough energy to cause 

release of photoelectrons from the cathode surface of the PMT.   

 

 

2. Explain why the slit width of a monochromator should be carefully adjusted. 
How is this adjustment related to the type of analysis required (qualitative or 

quabtitative)? 

 

Answer from text and powerpoint presentations 

 

3. Explain why atomic spectra are line spectra while molecular spectra are 
broadband continuous spectra. 

 

From text and power point presentations 

 

4. What is the difference between a line source and a continuous source of 
radiation? 

 

From text and power point presentations 

 

5. What is the difference between a single channel, one dimensional 
multichannel array, and two dimensional photon detectors? Give an example 

of each and explain its theory of operation, advantages and disadvantages. 

 

From text and power point presentations 

  

6. Define the following: 
a. The resolving power of a monochromator 
b. The reciprocal linear dispersion of a monochromator 
c. The light gathering power of a monochromator 
d. The spectral purity of a monochromator. 
 

From text and power point presentations 

 

7. Compare between the performance of a grating and a prism as wavelength 
selectors. Which is preferred for use in analytical instrument? Why? 

 

From text and power point presentations 
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8. One of the dispersive component is a 0.750-meter focal length monochromator 

equipped with a 1200-groove/mm grating. The grating measured 80 mm x 80 mm. 

 

a. Calculate the first-order reciprocal linear dispersion, D
-1
, (nm/mm) for this 

monochromator. 

 

D
-1
 = d/nF 

D
-1
 = (1/1200) mm * 10

6
 (nm/mm)/1 * 0.75 m * (10

3
 mm/m) = 1.11 nm/mm 

 
b. Aluminum has two emission lines at 309.271 nm and 309.284 nm; is it theoretically 

possible to just resolve these two spectral features using the grating described above? 

Assume operation in the first-order. 

 
Rneeded = λ/∆λ = {(309.271 + 309.284)/2}/(309.284 - 309.271) = 23791 
 

Maximum resolution that can be obtained from this monochromator: 

 

R = nN = 1 * 80mm * 1200 line/mm = 96000 

 Therefore, it is possible to resolve the two lines using the first order spectra. 

 
c. If we are to use 35-µm entrance and exit slits with this monochromator in order to 

have sufficient light throughput for a detectable signal, is it possible for the instrument 

to baseline resolve these two aluminum lines? Again, assume operation in the first-

order. 

 

Using this slit width will pass some ∆λeff  that can be calculated as follows: 

∆λeff = W D
-1

 

∆λeff = 35*10
-3
 mm * 1.11nm/mm = 0.0389 nm 

 

However, the ∆λeff for the two lines to be baseline separated can be calculated to be:  

∆λeff = (λ2 – λ1)/2 

∆λeff  = (309.284 – 309.271)/2 = 0.0065 
Therefore, the two lines can not be resolved using this slit width 

 

9. Calculate the 1
st
, 2
nd
, and third order wavelengths for a grating which has 2000 

grooves/mm at incident and reflection angles of 30
o
 and 45

o
. 

 

nλ = d(sin i + sin r) 

1
st
 order wavelength n = 1 

λ = {1mm/2000}(10
6 
nm/mm) (sin 30 + sin 45) 

λ = 604 nm 

 

2
nd
 order wavelength n = 2 

2λ = {1mm/2000}(10
6 
nm/mm) (sin 30 + sin 45) 

λ = 302 nm 

 

3
rd
  order wavelength n = 3 

3λ = {1mm/2000}(10
6 
nm/mm) (sin 30 + sin 45) 

λ = 201 nm 
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10. What are the differences between an interference filter and an absorption filter? 

 

An interference filter is built by having two metal films separated by a transparent 

dielectric (insulator). Interference effect of light hitting the two metal films causes 

light at certain wavelengths to be transmitted through constructive interference. Exact 

wavelength of this interference can be calculated from the thickness of the dielectric, 

allowing light with a very narrow bandwidth to pass through. Interference filters are 

good from UV to IR and are relatively expensive 

Absorption Filters - glass or gelatin or plastic material that contains a dye that 

absorbs light and these transmit certain wavelengths. Bandwidths are much larger 

than inference filters and are less selective and much cheaper 

 
 
11. The D line in the spectrum of sodium is a doublet at 589.0 and 589.6 nm. 

Calculate the minimum number of lines/mm needed in a grating that will resolve this 

doublet in the second-order spectrum if 2 mm of the grating were illuminated. 

 

R = λ/∆λ = {(589.0 + 589.6)/2}/(589.6-589.0) = 589.3/0.6 = 982.2 
 

R = nN 

982.2 = 2*N 

N = 491 lines 

 

Since two millimeters of the grating were illuminated, the grating should be ruled to at 

least 491/2 = 246 lines/mm 

 

 

12. A diffraction grating having 300 lines/mm is illuminated by light of wavelength 

589 nm, perpendicular to grating base (sin i = 0). What are the angles at which the 

first and second-order bright fringes are formed (reflection angles for constructive 

interference)? 

 

nλ = d(sin i + sin r) 

1
st
 order wavelength n = 1 

589 = {1mm/300}(10
6 
nm/mm) (sin r) 

r = 10.2
o
 

 

2
nd
 order wavelength n = 2 

2*589 = {1mm/300}(10
6 
nm/mm) (sin r) 

r = 20.7
o
 

 

 

13. A diffraction grating has 250,000 lines/m.  What is the wavelength of incident 

light if the second order bright fringe occurs at 12.6
0
, assuming that the incident beam 

is perpendicular to grating base. 

 

nλ = d sin r 

2λ = {(1/250000 m (10
9
nm/m)}sin 12.6 
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λ = 436 nm 

14. Sodium light is incident normally (means at 90
0
) on a grating having 6000 lines 

per centimeter. Calculate the angle at which light of wavelength 589.6 nm will be 

seen in the first order spectrum. 

 

nλ = d sin r 

589.6 = {(1 cm /6000) (10
7
 nm/cm)}sin r 

r = 20.7
o 

 

15. Red light (λ = 700 nm) is incident normally on a diffraction grating having 1000  

lines/cm. A maximum is observed at a deflection angle of 12°. The order in which this 

occurs is 

A) 1 

B) 2 

C) 3 

D) 4 

E) 5 

 

16. A discharge tube is known to produce two spectral lines, one at 640 nm and the 

other at 640.4 nm. The total number of rulings that a grating must have to just resolve 

these lines in the second order is 

A) 400 

B) 800 

C) 1600 

D) 3200 

E) 6400 

17. Red light of wavelength 7.00 × 10–7 m, incident normally on a diffraction 

grating, gave a first order maximum at an angle of 75°. 

(a) Calculate the spacing of the diffraction grating. 

nλ = d sin r 

700 nm = d sin 75 

d = 724.7 nm 

 

(b) Calculate the angle at which the first order maximum for violet light of 

wavelength 4.50 × 10–7 m would be observed. 

 

nλ = d sin r 

450 nm = 724.7 nm sin r 

R = 38.4
o 

 

18. A grating has a spacing of 2.500 x 10
-6
 m between adjacent grooves. This grating 

has a total width of 5.000 mm.  Calculate the number of grooves/mm for this grating. 

What is the closest wavelength to 500.0 nm which can be resolved in first order by 

this grating? 
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Number of grooves/mm = 1/2.5*10
-6 
m (10

3
mm/m) = 400 groove/mm 

 

R = nN = λ/∆λ 

For 1
st
 order spectra n=1 

Maximum resolution occurs when the whole length of the grating is illuminated. This 

gives N = 5 mm*400 groove/mm = 2000 = R 

λ/∆λλ/∆λλ/∆λλ/∆λ should be less than 2000 to be resolved by a grating that has a maximum 

resolution equals 2000 

2000 > λ/∆λ 

∆λ > λ/2000 = 500/2000 = 0.25 nm or larger 

 

Therefore the closest wavelength to 500 nm that can be resolved is 500.25 nm, or 

larger. 

 

 

19. Two lines of mercury occur at 577.0 nm and 579.0 nm. If a 12-mm width of a 

grating having 500 lines per centimeter, is illuminated with mercury light, , these two 

first-order peaks would these two lines be resolved? 

 

The grating has a resolving power  = nN = 1* 12mm*(500 1ines/10mm) = 600 

 

Rrequired = λλλλ/∆∆∆∆λλλλ = 578/2 = 289.  This is less than the grating’s resolving power, the 

lines can be resolved.  

   

20. Find the minimum size of a 2400 grooves/mm diffraction grating that would give 

a wavelength at 500 nm and has an atomic line width of 0.002 nm. Assume 1
st
 order 

case.  

R = nN = λ/∆λ 

1*N = 500/0.002 = 2.5*10
5
 

Therefore, the number of blazes needed will be 2.5*10
5
 

 

Grating size = 2.5*10
5
 blaze/(2400 blaze/mm) = 104 mm 

 

21. An interference filter is constructed with an MgF2 dielectric (index of refraction = 

1.36). What are the first, second, and third order wavelengths transmitted by the filter 

if the dielectric layer is 500 nm thick? 

 

λ = 2tτ/n where τ is the refractive index of the dielectric 

 

1
st
 order wavelength: 

λ = {2*500 * 1.36}/1 = 1360 nm 

 

2
nd
  order wavelength: 

λ = {2*500 * 1.36}/2 = 680 nm 

 

3
rd
   order wavelength: 

λ = {2*500 * 1.36}/3 = 453 nm 
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22. Calculate the thickness of the dielectric (τ = 1.38) in an interference filter required 

for the first order transmission of 580 nm wavelength. What other wavelengths are 

transmitted? 

 

λ = 2tτ/n 

580 = (2*t * 1.38)/1 

 

t = 210 nm 

 

Other transmitted wavelengths will be all harmonics derived from the 1
st
 order 

wavelength. That is: 

580/2, 580/3, 580/4, etc  

 

23. Given a 1200 groove/mm grating, an angle of reflection less than 20˚, and a focal 

length, F= 500 mm, what is the effective bandwidth of a spectrometer with a slit 

width of 50 µm? 

 

The reciprocal linear dispersion represents the number of wavelength intervals 

(e.g., nm) contained in each interval of distance (e.g., mm) along the focal plane. 

 

∆λeff = W D
-1

 

 

d = (1 mm/ 1200 gr) × 10
6
 (nm/mm) = 833.33 nm/gr 

W = 50 µm × 10
-3
 (µm/mm) = 0.05 mm 

F = 500 mm 

D
-1
 = d / (nF) =  833.33 nm / (500 mm × 1) 

D
-1
 = 1.667 nm/mm 

∆λeff = 0.05 mm × 1.667 nm/mm  

  

∆λeff = 0.083 nm 

 

24.  conventional grating has 1200 blazes/mm and a focal length of 0.3 m.  

 

a. Find D
-1
 for n = 1 

d = (1 mm/ 1200 gr) × 10
6
 (nm/mm) = 833.33 nm/gr 

 F = 300 mm 

 D
-1
 = d / (nF) =  833.33 nm / (300 mm × 1) 

 D
-1
 = 2.78 nm/mm 

 

 

b. Find D
-1
 for n = 2 

d = (1 mm/ 1200 gr) × 10
6
 (nm/mm) = 833.33 nm/gr 

 F = 300 mm 

 D
-1
 = d / (nF) =  833.33 nm / (300 mm ×2) 

 D
-1
 = 1.39 nm/mm 
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25. Find D
-1
 for a grating with 600 blazes/mm and has a focal length equals 20 cm for 

the 3
rd
 order wavelength. Will a large D

-1
 or a small D

-1
 provide better resolution? 

 

d = (1 mm/ 600 blaze) × 10
6
 (nm/mm) = 1666.7 nm/blaze 

F = 200 mm 

D
-1
 = d / (nF) =  1666.7 nm / (200 mm ×3) 

D
-1
 = 2.78 nm/mm 

 

A smaller D
-1
 provides better resolution 

 

26. A grating monochromator’s resolving power depends largely on: 

• d – the space between grating blazes 

• F – the monochromator’s focal length 

• n – the diffraction order 
 

 

27. For multichannel detectors, for example, when 1024 detectors are lined up in a 

one dimensional array. [If the detectors are 0.025 mm apart, these many detectors fits 

along a line of 25.6 mm (about 1 inch)!] 

 

If ∆λ, say 800 nm (200 nm � 1000 nm) are spread exactly on the whole detectors of 

the array, then the spectral resolution is given by the range of wavelengths that a 

single detector is sensing. 

R = 800 nm/1024 detectors = 0.78 nm/detector 

The range of wavelengths distributed in a given distance along the focal plane is still 

dependent on D
-1
. 

 

 

28. If the reciprocal linear dispersion of a monochromator  is 1.2nm/mm. What is the 

slit width of the monochromator required to resolve the two sodium lines at 589.0 nm 

and 589.6 nm? 

 

∆λeff = W D
-1 

∆λeff = ½ (589.6-589.0) = 0.3 nm 

W = 0.3 nm/(1.2 nm/mm) = 0.25 mm 

 

Practically, slit widths narrower than this theoretical values is necessary to 

achieve a desired resolution 

 

29. Compare between the light gathering power of a monochromator wita f/n = 8.3 

with another monochromator with a f/n = 4.2. 

 

LGP 2/LGP 1 = 8.3
2
/4.2

2
 = 3.9 

 

This means that the monochromator with f/n = 4.2 has about 4 times the light 

gathering power of a monochromator with f/n = 8.3 


