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Ae 3215.30

Spectrometer no. 3215.30 is an optical instrument,
which can be used to determine the wavelength of
light as well as the index of refraction of solids and
liquids.
The instrument is supplied with the following
standard accessories:
- 1 ea. prism holder
- 1 ea. grating holder
The spectrometer consists in principle of a solid
base with a turntable, a prism table, a collimator and
a telescope.
The turntable
The turntable (2) is the major part of the instrument.
It is mounted with a robust bearing, and it can be
rotated around a vertical axis. It is provided with a
circular scale (7) marked from 0 to 360 degrees at
0.5 degree intervals. There is a vertical axle in the
center of the turntable which can rotate independently of the table. This axle extends beyond the
top of the table and is terminated in a fitting (22) to
which the prism table can be mounted. In addition
the vertical axle is provided with a pair of nonius
scales (8) which are concentric to the cirular scale.
The turntable is supplied with a dust cover (3) with
two windows for reading the two nonius scales
which permit a reading accuracy of 0.1 degrees.
The prism table
The prism table (6) consists of two metal discs,
which are held together with three spring-loaded
adjustment screws (24) placed at the apexes of an
equilateral triangle. A prism holder (25) or a grating
support (27) can be mounted on the uppermost disc.
The table is provided with an engraved marking at
the center to assist in the correct placement of the
prism.
The axle, which is to be mounted in the fitting (22) on
the vertical axle, is attached to the lowermost disc.
The prism table can be locked in relation to the two
nonius scales by means of the long adjustment
screw (23) mounted in the fitting. The vertical axis
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supporting the nonius scales and the turntable can
be locked by means of the adjustment screw, (20)
which is placed on the spectrometer support. When
the prism table and the nonius scales are locked,
they can be rotated slowly using the fine adjustment
knob (21) on the side of the spectrometer support.
Collimator
The collimator (5) consists of two concentric metal
tubes with an adjustable vertical slit (19) at one end,
and a convex lens (13) at the other.
The collimator is attached to a support which is fixed
to the supporting structure (1) of the instrument. The
collimator can be adjusted around a horizontal axis
(10) by means of two adjustment screws (17) which
are mounted below the collimator tube. The distance between the slit and the lens can be adjusted by
means of the focussing knob (18) on the side of the
collimator.
The Telescope
The telescope (4) which is attached to the arm of the
prism table is an astronomical telescope with a
cross-hair sighting device (15) and a Ramsden
eyepiece (14) positioned at one end of two concentric tubes. There is a convex lens at one end. The
telescope can be tipped up and down around a
horizontal axis by mewans of two adjustment
screws (9) beneath the telescope tube. The telescope can be locked in position by means of an
adjustment knob located under the prism table arm
(16). When the telescope is locked, it can be turned
slowly by means of the fine adjustment screw (12)
located on the side of the telescope arm. The
position of the telescope can be read off the main
scale by means of two nonius-scales. The telescope
can be focussed by means of the focussing knob
(11) on the right hand side of the telescope.
Preparation of the Spectrometer
First adjust the ocular (14) so that the cross hairs can
be clearly seen. No direct the telescope at a distant
vertical object, and focus sharply using the the adjustment knob (11). Rotate the cross hair unit so that
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it is vertical, i.e. parallel to the vertical object seen in
the telescope.
Adjust the collimator by placing the spectrometer in
a dark room and rotating the telescope so that it is
lined up with the collimator. The collimator slit (19) is
opened slightly and illuminated e.g. with a sodium
lamp. The distance between the slit and the collimator lens can be adjusted with the focussing knob (18)
until the slit is sharply focussed and clearly visible in
the telescope, and the image of the slit is aligned
with the vertical line of the cross hair and the horizontal line is in the center of the image. If the image
of the slit is rotated compared with the cross hair,
then rotate it into the proper position. If the horizontal line in the cross hair is not in the center of the
image, the telescope and collimator can be leveled
by means of the adjustment screws (9) and (17). In
this manner the axes of the collimator and the telescope can be brought into alignment.
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Spectrometer base.
Turntable.
Turntable cover.
Telescope.
Collimator.
Prism table.
Main scale.
Nonius scale
Telescope adjustment screws.
Horizontal axel.
Telescope focussing knob.
Fine adjustment for telescope.
Convex lens.
Ramsden eyepiece.
Cross hair unit.
Telescope locking screw.
Collimator leveling screw.
Collimator focussing knob.
Slit.
Collimator fine adjustment screw.
Nonius scale locking screw.
Bushing.
Prism table locking screw.
Prism table leveling screw.
Prism holder.
Prism (supplied separately).
Grating support.
Grating support mounting screws.

Experiments with prisms
Preparation of the prism table
In order to find the angles of a prism set up the
spectrometer as usual. When this is done a parallel
beam of light will come from the collimator. The
prism should now be placed on the prism table so
that its refracting edge is parallel with the axis of
rotation of the spectrometer. This is accomplished
by rotating the telescope so that it makes an angle
of 190 degrees with the collimator. The prism is
positioned on the prism table so that its refracting
edge is vertical, then the prism table is rotated until
the light form the collimator is reflected into the telescope as shown in Figure 1.

If the prism table is not adjusted correctly then the
light will not be reflected into the telescope. If this is
the case the prism is positioned so that one of its sides (AC in Figure 1) is normal to the line between the
two leveling screws Y and Z on the prism table.
Lines are marked on the prism table to ease placement.
With the telescope adjusted to receive reflected light
from side AC, the adjustment screws X and Z are
turned until the image of the slit is visible in the middle of the telescope.
The prism table is now rotated so that light reflected
from side AB enters the telescope. Screw Y is adjusted until the slit image is visible in the center of
the telescope field of view. When making this adjustment the side AC is only rotated in its own plane
and there will therefore not be any change in direction of the beam reflected from that side.
In order to measure the refracting angle the following
methods can be used:
a) Telescope rotation method: The light from the
collimator is made to fall on two reflecting sides of
the prism at once. The telescope is adjusted so that
it receives reflected light from one side, and the
telescope position on the scale in noted. Then it is
rotated so that it receives the reflected light from the
other surface. Note the position. The difference
between the two positions is twice the refracting
angle of the prism. See Figure 2. For an equilateral
prism this angle would be 60 degrees.
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b) Rotating the table: The telescope is locked in
position so that it is not parallel to the collimator. The
prism table is rotated until the reflected ray enters
the telescope. The angle of the prism table is read
off the scale. The table is rotated further until the ray
again enters the telescope. The new angle is noted.
The difference between the two angles is called θ.
The refracting angle of the prism is then 180 - θ as
shown in Figure 3.

incidence increases the angle of refraction will first
decrease until it reaches a minimum before increasing. The telescope is rotated so that it receives
the light at the minimum deviation angle. The prism
is now in its primary position. The prism table and
the nonius scales are locked by means of locking
screws, and the fine adjustment screw is used to
determine the exact value of he angle of minimum
refraction. The position of the telescope is read off
the scale. Then the second least angle of refraction
is found, and the position of the telescope is again
read off the scale.
The average of these two readings is found. The
prism is now removed from the prism table, and the
telescope is rotated so that it receives light directly
from the collimator, and the position of the telescope is read off. The angle through which the telescope is rotated is the angle of minimum refraction, θ.
When θ is the angle of minimum deviation, the index
of refraction R is given by:
R = (sin((θ + α)/2))/sin(α/2)
where α is the refracting angle of the prism.
NOTE: If the light source is not monochromatic, a
numer of different colored images of the slit will be
seen. The size of the angle of minimum deviation depends on the color of the light. This shows that the
index of refraction is as well.

EXPERIMENT
Index of refraction of a prism at a specific wavelength.
The path of a ray of light which passes through a
prism will be altered due to refraction. The magnitude of the deviation depends upon the index of
refraction of the prism material and the wavelength
(color) of the beam of light. For this reason monochromatic light should be used in the experiment.
First the refracting angle of the prism should be
found as described elsewhere. Then monochromatic
light e.g. from a sodium lamp or a laser should be
sent through the collimator slit. The prism is placed
on the prism table so that the light passes through
its refracting angle and the image of the slit can be
seen with the naked eye. If this image is observed as
the prism table is rotated, the image will first move in
the same direction, quickly at first then slowly. At a
certain point it will cease to move then reverse its
movement. The precise position where the image of
the slit stands still is called the primary position of
the prism.
For a given color the deviation of the ray depends
upon the angle of incidence. When the angle of

EXPERIMENT
Determination of the wavelength of light from a
sodium lamp using an optical grating.
When the spectrometer has been set up, turn the
telescope so that the image of the collimator slit
coincides with the vertical cross hair. Now read off
the angle and rotate the telescope 90 degrees so
that it is normal to the collimator and lock it in place.
Now place the grating in the grating holder on the
prism table so that it is normal to the two adjustment
screws Y and Z (see Figure 4) and so that the light
from the collimator strikes the back side of the grating. The prism table is turned until the reflected light from the prism is visible in the telescope. Now
make a fine adjustment so that the edge of the slit
coincides with the vertical cross hair. Adjust the
screws X and Y so that the image of the slit lies
symmetrically with respect to the horizontal cross
hair. The position of the prism table is read off the
scale then rotated 45 degrees so that the grating is
normal to the beam of light from the collimator, and
the grating faces the incident light. The prism table
is locked and the telescope is turned to the left until
the first order spectrum is visible. If the slit image is
not symmetrical around the horizontal cross hair,
then make adjustments using the screw Z. The telescope is rotated to the right until the first order
spectrum appears. Adjust Z until the slit image is
symmetrical around the horizontal cross hair.
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Now rotate the telescope to the left to obtain a line
in the first order image in the center of the cross
hairs. Read the two nonius scales. Rotate the telescope to the right and again obtain a first order
image of the same line in the center of the cross
hairs. Read the two nonius scales again. The difference between the two readings equals twice the
angle of diffraction for this spectral line, 2θ (Figure 5).

R can also be defined as the wavelength dependent
change in the speed of light c’.
Light from a helium spectral lamp consists of seven
different colors (wavelengths) corresponding in turn
to seven spectral lines. If one first determines the
refracting angle of the prism and thereafter the angles of deviation for red and green light with the prism
positioned in the angle of minimum deviation, then
the index of refraction can be calculated as described earlier. The dispersion D of the prism for
these lines is defined as:
D = (R g – Rr )/(R-1)

EXPERIMENT
Determining the dispersion and the index of dispersion.
Dispersion in a prism (separation into different
colors) occurs because the index of refraction R
varies with the wavelength lambda.
Because R is the ratio of the speed of light c in a
vacuum and the speed of light c’ in a given material,

where R g and Rr are the indices of refraction for
green (486.1 nm) and red (656,3 nm) spectral lines,
and R is the index of refraction for a yellow sodium
line (589,3 nm). An approximate value for R can be
found from R = 1/2 (R g + Rr ).
The following table shows the indices of refraction
Rr and Rv for crown glass and dense flint glass at
the wavelengths 656.3 nm (red) and 404.7 nm
(violet). The table also provides values for dR/dλ,
dc’/dλ and dλ. Within spectrometry it is customary
to refer to the dispersion as dR/dλ, while in theoretical optics dc’/dλ is more commonly used.

Rr
(656.3 nm)

Rv
(404.7 nm)

dR=RV-RR

dR/dλ
(nm -1 )

dc’/dλ
(ms-1 - nm-1 )

dλ
(nm)

crown
glass

1.5164

1.5334

0.0170

-67 · 10-6

78 · 104

0.0017

dense
flint
glass

1.6936

1.7427

0.0491

-195 · 10-6

69 · 104

0.0033

It is apparent from the table that spectrometer prisms should be made of flint glass (to achieve good color
separation), while glass for eyeglasses should (if made of glass) be made of crown glass.
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