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NAME OF STUDENT;
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Experiment Description Remarks Signature &
No. Date
1 To determine the open-circuit voltage Uoc and short-circuit
current Isc for a solar cell as a function of the angle of
incidence.

To determine the bandgap of a given semiconductor.

To determine the temperature coefficient of resistance for
metal.

To determine the open-circuit voltage Uoc and short-circuit
current Isc for a solar module as the temperature rises.

To analyze energy conversion processes and compare the
electrical and mechanical energy associated with a geared
motor and determine the efficiency of the motor.

To study magnetostrictive properties of ferromagnetic
material (iron / nickel) by using Michelson interferometer.

To study the fine structure (splitting of 3p states) of the
sodium atom spectrum that results in the formation of
sodium doublet.

To study the He-Ne Laser output power in dependence on
resonator properties.




SEK Solar Energy

Components of the Solar Energy Student Experiment Kit

With the Solar Energy SEK you can demonstrate by means of experiment the fundamental variables and properties pertaining to solar
modules as well as the various factors which affect their energy efficiency. The system allows you to assemble experiments easily and
in a compact set-up on or in the lid of the kit’s

carry case.

Solar modules

The two solar modules both consist of 18 polycrystalline solar cells connected together in series. They are not protected by means of
bypass diodes. The solar modules are connected to the terminal board (see Fig. 1) below, using experiment leads with 4-mm lab safety
plugs. For experiments in the open air, the modules can be removed from the lid of the case and suspended in specially shaped hangers
from the lid, which should be set up on an incline for the purpose (see Fig. 8). There are solar modules with both U-shaped and linear
alignments of solar cells.

Technical data

Number of solar cells: 18
Maximum power output : 5 W
Current at maximum power: 0.55 A
Voltage at maximum power: 9 V
Open-circuit voltage: 11 V
Short-circuit current: 0.68 A

Halogen spotlight
Safety instructions
* If there is any visible damage to the mains lead or the housing, the halogen spotlight must no longer be connected to the power.

* The halogen spotlight will become hot after prolonged periods of use. It must be supervised at all times when in use, it must not be
covered, and no flammable items are to be placed in its near vicinity.

* Do not set up the halogen spotlight unless it is cool.

» The halogen spotlight may only be used when the lid of the case is in a horizontal position on a firm surface. Heavy jolting may cause
the lamp to stop working.

* The support brace must be fastened sufficiently securely by means of a fastening screw (Fig. 2).

Technical data

Power output: 150 W

Power supply: 1017732: 230 V, 50/60 Hz
1017731: 115V, 50/60 Hz

Power adjuster

The power adjuster is for dimming the output of the halogen spot. It can remain connected to the power supply for all experiments
involving the halogen spotlight. The adjustment knob allows the power to the lamp to be adjusted from approximately zero to near
100%.

Safety instructions

* The power adjuster is intended solely for use with the halogen spotlight and may not be used with ohmic loads exceeding a maximum
of 275 W.

Solar Energy Components SEK 2




Terminal board with resistor cascade

Fig. 1 Terminal board with resistor cascade.

1 Switch S2 for toggling between internal load (resistor cascade) and external load (“ext.”)

2 Resistor cascade (0 ... 10) x 200 Q

3 Resistor cascade (0 ... 10) x 20 Q

4 Terminal sockets for external load

5 Terminal sockets for voltmeter

6 Terminal sockets for ammeter

7 Terminal sockets for solar module 1 (plus protective diodes connected with opposing
Resisicgicast polarity, reverse bias: positive = red socket)

8 Terminal sockets for solar module 2 (plus protective diodes connected with opposing

polarity, reverse-bias: positive = red socket)

9 Switch S1 for toggling between series and parallel configurations of solar modules Switch

S1is for toggling between serial and parallel connection of solar modules 1 and 2. If only one

solar module is connected, it does not matter where it is plugged in but S1 should always be

set to “parallel”. It is possible to measure the voltage and current a variable load resistance in

an internal circuit (S2 set to “intern.”), as indicated by the graphic printed on the board. The

resistors themselves are soldered to the back of the terminal board. The resistance values

selected via the two rotary switches are to be added together (e.g. 3 x 20 ohms + 4 x 200 ohms = 860 ohms).

Safety instructions
Operating the solar modules in direct sunlight with the resistor cascade connected can cause the cascade to overheat.

* Do not connect the resistor cascade to the solar modules when they are in direct sunlight.
« It is only permissible to use the resistor cascade in conjunction with the halogen spotlight.

Digital thermometer

Technical data

Measurable temperatures: -20°C to 110°C
Measurement intervals: 10 secs approx.
Resolution: 0.1°C

Accuracy: £1C°

Powered by two LR44 button batteries

Digital multimeters

Technical data

Display: 3%2-digit

DC: 200 mV - 1000 V

10.5% + 1 digit

AC: 200 mV - 750 V

+0.8% =+ 3 digits

DC:20pA—-20A

1+0.8% + 1 digit

AC:20pA—-20A

+1% + 3 digits

Operating voltage: 6F22 9-V battery

Safety instructions The digital multimeter is not suitable for measuring mains voltage.
* Do not connect the digital multimeter to a mains socket.




Case Dimensions: 62 x 37 x 13 cm

Weight: 7.2 kg approx.

Operation

* Open the case, remove the lid and place it flat on a firm, secure surface with the inside facing upwards.

» Completely unscrew the fastening screw for the support brace and screw it back in to the second slot of the
angle scale (with the angle divisions (Fig. 2).

Fig. 2 Support brace set up in second slot.

+ Slightly undo the two fastening screws for the cross-piece and align the cross piece in such

a way that the support brace is pointing downwards. Tighten up the fastening screws again.

* In order to thread the connector lead for the solar modules, turn the entire solar module

mounting by 90° and remove the solar modules. Thread the plugs and lead through the

openings in the metal frame.

Insert the solar modules back into the mounting in the lid of the case and fasten them there.
* Various set-ups are needed for the individual experiments (see Figs. 4 to 8).

Fig. 3 Fig. 4
* In order to investigate how the solar modules respond to temperature or intensely hot radiation

(Experiments SE 12, 13 and 16) it is possible to reduce the distance between the halogen spot and the solar module(s). To do this, the
cross piece should be moved to the second row of holes on the support brace (see Fig. 6).

Fig. 6 Fig. 7 Fig. 8

« If the support brace is screwed into the second slot of the angle scale (Fig. 2), the halogen spot can be moved from a vertical position
to shallower angles of incidence (Fig. 7). Angle scale divisions of 15° are

included for this purpose. The first slot is intended for fastening the support brace in place during transport (Fig. 3) or for using it to set
up the lid of the case for experiments using direct sunlight (Fig. 8). The fastening screw should then be fitted as shown in Fig. 3. Fig. 3
Attachment of support brace for transport of inclined alignment of case lid (Fig. 8).

Safety instructions
Make sure the halogen spotlight suffers no shock or impacts. Heavy jolting may cause the lamp to stop working.







EXPERIMENT NO. 01

Object

To determine the open-circuit voltage Uoc and short-circuit current Isc for a solar cell as a function of the angle of incidence.

Apparatus
Case lid with support brace, Solar module, Terminal board with resistor cascade, Jumper, set of experiment leads, Digital
multimeter, Halogen spotlight, 150 W, Power adjuster for halogen spot

Set-up

1. Fix the support brace in a vertical position and attach the halogen lamp with the cross piece at the top of the brace (see
Components, Fig. 4).

2. Align the halogen spotlight and the solar module in such a way that they are parallel and their centers are facing one
another (see Components, Fig. 4).

3. Connect the halogen lamp to the power adjuster and connect the solar module to the terminal board.

4. Connect up the digital multimeter for use as a voltmeter.

5. Set switch S1 to “parallel” and switch S2 to “ext.” (infinite load resistance RL).

Procedure

1. Set the halogen spotlight to maximum brightness, measure the open-circuit voltage UOC and make note of it.

2. Incline the support brace to ever decreasing angles a (see Components Fig. 2, 7; taking note of the 15° divisions of the
angle scale). Measure the open-circuit voltage UOC in each case and enter it into Table 1.

3. Now connect up the digital multimeter for use as an ammeter and use the jumper to

short together the “ext” sockets (see Fig. 2).

4. For the same angle of incidence o also measure the short-circuit current Isc for the solar module and enter that into Table
2.

5. Plot graphs of open-circuit voltage Uoc against sin o and short circuit current lsc against sin a.

-
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Fig. 1 Connection of solar module for measuring open-circuit voltage.




N s

Fig. 2 Connection of solar module for measuring short-circuit current.

Measurement
Table 1: Open-circuit voltage UOC for a solar cell as a function of angle of incidence o

a sin a Ugc IV

Table 2: Short-circuit current ISC for a solar cell as a function of angle of incidence o

a sin o Isc | mA




Results and Discussion:

1. How does the open-circuit voltage of a solar cell behave as a function of the sine of the angle of incidence?

2. How does the short-circuit current of a solar cell behave as a function of the sine of the angle of incidence?

3. Why does the short-circuit current not become 0 when sin(0=0°) = 0, i.e. why is the line shifted along the axis in the
positive direction?




GRAPH
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Viva voce

What is open circuit voltage?

Why is measuring Voc important?

What is short-circuit current?

Why is measuring Isc important?




EXPERIMENT NO. 02

Object

To determine the bandgap of a given semiconductor.

Apparatus
Immersion probes, Immersion thermostat, Bath for thermostat, Digital multimeter, Power supply, Connection box,
Connecting cords

Theory

Semiconductors have large negative values for temperature coefficient of resistance. The plot is nonlinear and given by
the equation

Eg
R = R,e*sT — — — —(1)

Which can be re-written as
E
InR=InR, + —=———(2
n nR,+ kyT 2
Rearranging

Eg
InR :I{[g_T+lnRo___(3)
E

Plot between In R and 1/T gives a straight line whose slope is kZ. E, is bandgap and kg Boltzmann constant.

Procedure

. Place the immersion probe set, which is enclosed in a watertight plastic bag, into the water bath.
. Switch on the heater through ac mains and set the temperature controller at 80°C.

. Set the multimeter to resistance mode.

. Set the temperature on immersion probe.

. Note the resistance on multimeter corresponding to the respective temperatures.

. Take at least 10 readings.

. Plot the graph between InR and 1/T

. Find the slop m using m = 2=

X2—Xq

. Deduce Eg, the bandgap of the semiconductor material.

0 Nooulh,hwWNPRE

Observations
No. TCC) |[T(K) R (Q)




Result

The Band Gap of the given material is found to be

Viva Voce

Define band gap?

Differentiate between conductors, insulators and semiconductors in terms of Band gap?

Discuss the effect of impurities on band gap of semiconductors?

Discuss the formation of band in solids?

Discuss valence band, conduction band in solids with their energies?

Discuss the effect of temperature on band gap?

What is the difference between energy band and energy level?




GRAPH
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EXPERIMENT NO. 03

Object

To determine the temperature coefficient of resistance for metal.

Apparatus

Immersion probes, Immersion thermostat, Bath for thermostat, Digital multimeter, Power supply, Connection box,
Connecting cords

Theory
Metals used as electrical conductor typically have a relationship between resistance and temperature. This relationship can
be demonstrated mathematically by the equation

RT - Ro

“="rr, T M

Which can be re-written as

Rr = aR,T + R,

Here alpha is the temperature coefficient of resistance, Ry is the value of resistance of metal at a temperature (°C) and Ry is
the value of resistance a T= 0°C. Most metals have a small positive temperature coefficient of resistance and thus a linear
plot.

Equation (2) can therefore be compared with equation of straight line, and the slope, aR,of equation (2) can be found
through graph between R and T.

Procedure

1.Place the immersion probe set, which is enclosed in a watertight plastic bag, into the water bath.
. Switch on the heater through ac mains and set the temperature controller at 80°C.
. Set the multimeter to resistance mode.
. Set the temperature on immersion probe.
. Note the resistance on multimeter corresponding to the respective temperatures.
. Take at least 10 readings.
. Plot the graph between Rrand T

. Find the slop m using m = 2222
X2—=X1

. Deduce a, the temperature co-efficient.




Fig. 2. Photograph of the experimental set-up.

Table 1. Conducting state voltage as a function of temperature
No. T (°C) Rt ()




Graph

[ 19 )




Viva voce

What does the temperature coefficient of resistance mean?

What three factors control the change in electrical resistance of any substance due to temperature?

What are the two types of temperature coefficient of resistance?

What is the temperature coefficient of resistance of Iron?

What is the temperature coefficient of resistance of Gold?




EXPERIMENT NO. 04

Object

Measure the open-circuit voltage Uoc and short-circuit current Isc for a solar module as the temperature rises.

Apparatus
Case lid with support brace, Solar module, Terminal board with resistor cascade, Jumper, set of experiment leads,
Digital multimeters, Halogen spotlight, Power adjuster for halogen spot, Digital thermometer

Set-up

1. Fix the support brace in a vertical position and attach the halogen lamp with the cross piece one row down from the top of
the brace (see Components, Fig. 6). Carefully undo the two securing screws. Make sure that when you screw them back in,
that the halogen lamp does not collide with anything.

2. Align the halogen spotlight and the solar module in such a way that they are parallel and their centres are facing one
another (see Components, Fig. 6).

3. Connect the halogen lamp to the power adjuster and connect the solar module to the terminal board.

4. Connect up one digital multimeter for use as a voltmeter and the other as an ammeter, as in Fig. 1.

5. Set switch S1 to “parallel”.

6. Tape the temperature sensor of the digital thermometers to the middle of the solar module.

Fig 1: Connection of solar module.

Procedure

1. Set the halogen spotlight to maximum brightness.

2. Read off the temperature 6.

3. Set switch S2 to “int”, select R1 =0 * 20 Q, R2 =0 * 200 Q (RL = 0 Q) and measure the short-circuit current ISC.

4. Set switch S2 to “ext”, (effectively no load resistance) and measure the open-circuit

voltage Uoc.

5. Enter the measurements into Table 1.

6. Keep repeating the measurements after the temperature has risen by 1 or 2 degrees until the temperature reaches at least
45°C.




Measurement

Table 1: Measurements of short-circuit current Isc and open-circuit voltage Uoc as a function of temperature 6.

8 lsc in mA UpeinV

Results and Discussion

1. Plot open circuit voltage and short-circuit current against temperature in their own graphs, draw straight line through
the points in each graph and determine gradients.

2. Determine the relative temperature coefficients for voltage and current by dividing each of the gradients from step 1 by
the values for Uoc or Isc at ©= 25°C as appropriate:




Graph

[ 53 )




Viva Voce

Q1  What is the temperature coefficient of a PV module?

Q2 Discuss the significance of measuring the open-circuit voltage Uoc and short-circuit current Isc for a
solar module as the temperature rises?

Q3  What is the temperature coefficient of the open circuit voltage (Voc)?

Q4  What is the temperature coefficient of the short-circuit current (lsc)?




EXPERIMENT NO. 05

Object

To analyze energy conversion processes and compare the electrical and mechanical energy associated with a geared motor
and determine the efficiency of the motor.

Apparatus
Case lid with support brace, Solar modules, Terminal board with resistor cascade, Set of experiment leads, Digital
multimeters, Halogen spotlight, Geared motor with pulley, Set of scales, Weight holder, Experiment cord, Digital stopwatch.

Setup

1. Fix the support brace in a vertical position (see Components, Fig. 5) and attach the halogen lamp with the cross piece one
row down from the top of the brace (see Components Fig. 6). Carefully undo the two securing screws. Make sure that when
you screw them back in, that the halogen lamp does not collide with anything.

2. Align the halogen spotlight and the solar module in such a way that they are parallel and their centres are facing one
another (see Components, Fig. 5).

3. Connect the halogen lamp to the power adjuster and connect the solar module to

the terminal board.

4. Connect up one digital multimeter for use as a voltmeter and the other as an ammeter, as in Fig. 1.

5. Set switch S1 to “parallel” and initially set switch S2 to “int.”.

6. Connect the geared motor to the “ext” sockets.

Procedure

1. Set S2 to “ext” and measure the voltage U0 and current 10 for the solar modules with no load on the motor. The values
may fluctuate slightly as the pulley turns round. If this happens, estimate an average value. Afterwards, turn the motor by
setting S2 back to “int”.

2. Take a thread about 60 cm long and fasten it to the pulley as in Fig. 1. Tie the other end of the thread into a loop.

3. Wind the thread one around the pulley in a clockwise direction and suspend a weight of mass 1 kg from the loop at the
other end. The thread needs to run adjacent to the edge of the bench.

4. Set S2 to “ext”. The motor lifts the weight. Make sure that as the thread winds around the pulley each wind of the cord
needs to be next to alongside the previous one rather than being one on top of the other.

Measure the voltage U1 and current 11 from the solar modules when the motor has a load.

5. Use the stopwatch top measure the time T5 it takes for the pulley to revolve 5 times while the motor is lifting the weight.

- —

- N\

\




Observations

No of turns

No of rotations




Graph
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Results and Discussion

1. From the time T5 it takes for the pulley to revolve 5 times, determine the revs per minute nlwith which the motor turns
as it lifts the weight.

2. Use nl to determine the speed at which the weight rises. The diameter of the pulley is D = 10 mm and the thickness of
the cord is d = 0.6 mm.

3. Determine the mechanical power required to lift the mass.

4. Calculate the electrical power consumed by the motor under load from the voltage U1 and the rise in current (11 — 10) in
the solar modules.

5. Compare the values for the mechanical and electrical power associated with the motor. What is the efficiency associated
with this conversion, n = Pmech / Pel?




6. Even when there is no load, the motor consumes a current of 10. Into what kind of energy is the no-load power converted
(i.e. the product of the open-circuit voltage UO and short-circuit current 10)?

7. What types of energy are involved in the conversion which takes place in this experiment according to Fig. 1? Consider
the energy fed to the halogen spotlight (conversion usually involves multiple types of energy).




Viva voce
Q1 Discuss the significance to determine motor loading?

Q2 Define mechanical power?

Q3 Define motor efficiency and discuss the factors on which the efficiency of motor depends?

Q4 What is no load power?

Q5 Discuss some other load and efficiency estimation techniques




EXPERIMENT NO 06

Object

To determine Magnetostrictive Coefficient A of Iron and Nickel rod by Michelson Interferometer.

Apparatus
He/ne laser, power supply for laser head, universal power supply, faraday modulator, optical base plate, magnetostriction
rods set, beam splitter, surface mirror, holders, digital multimeter, lenses, screen, connecting cords, battery

Theory
Magnetostrictive coefficient A is defined as the fractional change in length as the magnetization increases from zero to its
saturation value. The coefficient A may be positive or negative, and is usually of the order of 1075,

Working Formula
The magnetic field strength of a cylindrical coil is given by:

N-I

H, =

where

Hm= magnetic field strength at the centre of the coil in A - m™*

r = Radius of a winding (here: 0.024 m)

Is= Length of the coil (here: 0.06 m)

N = Number of windings (here: 1200)

On condition that the field is homogenous, the field strength is given by the following for | >>r:

N-1I
m=T
For this measurement we assume, as a first approximation, that the magnetic field strength Hn acts on the entire length of
the rod (I = 0.15 m).

The alteration in length Al is obtained from the number of circular fringe changes n; in the process the separation per circular

fringe change alters by A/2 (A = 632 nm):




Procedure

In the following, the pairs of numbers in brackets refer to the co-ordinates on the optical base plate in accordance with
Fig.1, these co-ordinates are only intended to be a rough guideline for initial adjustment.

1. Perform the experimental set-up according to Fig. 1 and 2. The recommended set-up height (beam path height) is 130

mm.

2. The lens L [1,7] must not be in position when making the initial adjustments.

3. When adjusting the beam path with the adjustable mirrors M1 [1,8] and M2 [1,4], the beam is set along the 4" coordinate
of the base plate.

4. Place mirror M3 onto the appropriate end of a sample (nickel or iron rod) — initially without the beam splitter BS [6,4] —
and screw it into place.

5. Now, insert the sample into the coil in such a manner that approximately the same length extends beyond the coil on both
ends so that a uniform magnetization can be assumed for the measurement. Fix the sample in position with the laterally
attached knurled screw.

6. Next, insert the coil C’s shaft into a magnetic base and place it at position [11,4] such that the mirror’s plane is
perpendicular to the propagation direction of the laser’s beam (see Fig. 2).

7. Adjust the beam in a manner such that the beam reflected by mirror M3 once again coincides with its point of origin on
mirror M2. This can be achieved by coarse shifting of the complete unit of coil with magnetic base or by turning the
sample rod with mirror M3 in the coil and by precisely aligning mirror M2 [1,4] with the aid of its fine adjustment
mechanism.

8. Next, position the beam splitter BS [6, 4] in such a manner that one partial beam still reaches mirror M3 without hindrance
and the other partial beam strikes mirror M4 [6, 1]. Die metallized side of BS is facing mirror M4.

9. Two luminous spots now appear on the screen SC [6, 6]. Make them coincide by adjusting the mirror M4 until a slight
flickering of the luminous spot can be seen.

10. After positioning lens L [1,7], an illuminated area with interference patterns appears on the screen. To obtain concentric
circles, precisely readjust mirror M4 using the adjustment screws.

11. Subsequent to the connection of the coil to the power supply (connect the multimeter in series between the coil and the
power supply to measure the current, measuring range 10 AC!), set the DC-voltage to maximum and DC-current to
minimum value. Then slowly readjust the current. For the measurements the resulting currents lie between 0.5 and,
maximally, 5 A.

12. Count the changes from maximum to maximum (or minimum to minimum) in the interference pattern. In addition, pay
attention to the direction in which the circular interference fringes move (sources or sinks!). Repeat this procedure using
different samples and different current strengths I between 0.5 and 5.0 A (1 > 3 A only for a short time!).
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Fig 2. Experimental setup




Observations
Ferromagnetic Rod:

ng Changes (n)

Al/l
th 1 =0.15m

Ferromagnetic Rod:

ng Changes (n)

Alll
th1=0.15m




Calculations

Results and Discussions




Viva voce

Define an interferometer?

Name different types of interferometers?

What is the working principle of Michelson interferometer?

Define ferromagnetism?

Define Magnetostriction?




EXPERIMENT No. 07

Object
To study the fine structure (splitting of 3p states) of the sodium atom spectrum that results in the formation of
sodium doublet.

Apparatus
Spectrophotometer, optic bench, aperture bracket, light sensor, rotary motion sensor, round base, steel rod,
sodium light source, spectral tube power supply and mount

Theory
To find the wavelength of the spectral lines:
As light passes through a diffraction grating, the light bends to form a diffraction pattern. The angles to the maxima in the

diffraction pattern are given by
dsin@=mA (m=0,1,2,..) Q)

where d is the separation between the lines on the grating, A is the wavelength of the light, and m is the order number.

Light Source U Collimating Lens Diffraction Grating

|:| Grating Spectrometer
Collimating Slit
Focusing Lens

spectral line

Fig 1: Schematics of diffraction process

Light is given off by an atom when an excited electron decays from a higher energy orbit to a lower energy orbit. The
energy levels of the electron in a hydrogen atom are given by

B=- () () @




Fig 2: De-excitation process of an electron to give off a photon

where me is the mass of the electron, e is the charge of the electron, [, is the permittivity constant, h is Planck's constant,
and n is the energy level number (1, 2, 3, ...). Plugging these numbers into Equation (2) gives

E=-(13.6eV) () 3)

The energy of the photon, [E, is the negative of the loss of energy of the electron and is given by

AE = —(E; — E;) = (13.6eV) (n_lg - n—lz) ()
For the visible photons given off by hydrogen, the final energy level is ns = 2. The wavelength, [, of the photon given off
is determined using

()

where c is the speed of light and f is the frequency:

Experimental setup




Collimating
Slits Light Sensor
Aperture

Grating

Collimating Focusing A Light Sensor
Lens Lens

Rotary Motion
Sensor

Fig 3. Experimental setup to study the emission spectra

Setup:

1. If the spectrophotometer needs to be assembled, refer to the assembly instructions in the Spectrophotometer manual.
NOTE: The diffraction grating should be on the side of the grating mount that is toward the collimating lens and the light
source. The grating side of the plate glass must be on the 0-180-degree line on the degree table.

2. Put the spectrophotometer on two rod stands so you can adjust the height to match the height of the various light sources.
3. Plug the Rotary Motion Sensor and the High Sensitivity Light Sensor into the interface.

4. Attach a grounding wire from the spectrophotometer to ground. A spade lug should be connected to the apparatus using
the screw on the side of the spectrophotometer table. Your teacher will explain how to attach to ground.

Collimating the System

1. Carefully insert the spectral tube into the Spectral Tube Power Supply and plug in the Power Supply.

2. The Collimating Slit must be at the focal point of the first lens and the Aperture Disk must be at the focal point of the
second lens. Move the spectroscopy table back to the end of the track so it is out of the way. Move the Collimating Lens
(see Figure 3) at least 12 cm from the slit. Have someone with 20/20 vision (corrected by glasses is fine) look through the
lens at the slit. Move the lens toward the slit until it first comes into sharp focus. The slit should be about 10 cm from the
lens. Now move the spectroscopy table as close to the Collimating Lens as possible. Set the Focusing Lens 10 cm from the
Sensor Mask. We will adjust this more exactly in step 3.

3. Looking from the back side of the Collimating Slit, center the #4 slit in the hole and tighten the screw that holds the
Collimating Slits in place.

4. Turn on the light source. Move the track up or down on the rod stands so the Collimating Slit is toward the brightest part
of the helium tube. Swing the Light Sensor Arm out of the way so you can look through the grating along the Optics
Track. Move the light source so that the light that you see though the slit is as bright as possible. Be careful not to move the
track after it is set correctly.

5. Swing the Light Sensor Arm so that the Sensor Mask is along the track and the bright 0™ order spectrum (undeviated) is
on the Aperture Disk. Adjust the Focusing Lens so the image on the Aperture Disk is as sharp as possible. The system is
now well collimated.

Software Setup
1. Open PASCO Capstone.

2. The Rotary Motion pin rotates 60 times for each revolution of the spectrophotometer disk. To account for this, create a




calculation in the Capstone Calculator:

3. Table Angle = [Angle, Ch P2 (°)]/60 with units of degrees (°)

4. In Capstone, create a graph and select Light Intensity (% of scale max) on the vertical axis and Table Angle on the
horizontal axis.

5. Set the common sample rate for the sensors on 25 Hz.

Procedure
Use the yellow line in the sodium (Na) spectrum to determine the separation, d, of the lines on the grating. The yellow line
of helium has a wavelength of 580.0 nm.

Suggestions for the settings are given at right. While scanning, turn off the room lights and turn the computer screen away
from the light sensor.

Helium Suggested Settings

Light Sensor Button 0-1

Collimating Slit #4

Light Sensor Slit #2

Start the scan on one side of the central maximum and scan very slowly across the central maximum and the first side
maximum. The angles may all be negative, depending on how you set up the spectrometer. If so, place the hand icon over
where it says “angle” at the bottom of the screen and when the blue box appears, left click, select QuickCalc at the top of
the pop-up and then select —6 in the pop-up that appears to the side

Using the wavelength of the yellow helium line, 589.0 nm, calculate the grating line separation using equation 1: This is
the value of d that you will use for the rest of this experiment.

Observations

No. Angle of peaks from Corrected angles Wavelenght (1) of the Difference in
the central maximum e =A/60 corresponding peak | wavelengths, A1- A2
“A” (m)
(RAD)

Results and discussion




Viva voce

What is the fine structure of the sodium doublet?

Why does sodium show doublet D lines?

What is the application of sodium D line?

Discuss the working of a spectrophotometer?




EXPERIMENT No. 08

Object

To study the He-Ne Laser output power in dependence on resonator properties.

Apparatus
Experimental Set HeNe Laser, basic set, Protective glasses for HeNe Laser, Photo element, Digital multimeter,
Connection box, Resistors, Connecting cables

Set-up and procedure

Note: In this task left and right is defined according to the perspective of Fig. 1.

Fig. 1: Set up for laser power measurement with different resonator geometries

Set the laser up as in Task 1, that is with HR flat/flat as left mirror and HR flat/1000 mm as right mirror.
Set the tube current to 5.5 mA.

Move the laser set-up to the left end of the optical bench removing the adjustment laser and adjust laser axis to optical
bench axis by beam walking.

Move the right mirror to 420 mm distance d to the left mirror, maximize laser output.

Remove the right diaphragm from its slide mount and insert the silicon photo element without the blind there.
Use the digital multimeter to determine the actual resistance value of a 1 kQ resistor.

Be sure the input resistance of the multimeter in use is at least ten times higher than the used resistor value.

Connect the photo element to this 1 kQ resistor on the connection box and align it such that it receives all the laser output
(s. Fig. 2 and circuit diagram).

Measure the voltage on the resistor.

If the voltage exceeds 60 mV, use a lower resistance value which you check with the digital multimeter.

Connect the digital multimeter to measure the voltage drop on the resistor with the current from the photo element passing
the resistor.




Calculate the current by Ohm's law from the voltage on the resistor.

Register the maximum achievable photo element current for different mirror spacings with the laser tube in front of the left
mirror and note the visible mode shape.

If the mode shape is not round, the mirrors and brewster windows need cleaning.

Always note down the current from background light with no laser beam, the beam interrupted with a piece of
paper between left mirror and left end of the laser tube, the tube light and maybe other stray light from the room
still illuminating the photo diode; darken the room if excessive back- ground is present.

With a fixed mirror distance register the maximum laser output for different laser tube positions inside the
cavity, for example for d =850 mm and d = 700 mm. You may use a specific point of the tube holder as reference
for the position.

Exchange the right mirror with the OC flat/1400 mm mirror and repeat the measurements, tube position
variation only for d = 1050 mm.

] O

The sensitivity of the photo element is assumed to be 0.48 A / W to calculate the laser power.

Fig. 2: Photo element set-up

Theory and Evaluation
In Fig. 3 the left scale is for the measurement with outcoupling (OC) mirror and the right for the output through high




reflective (HR) mirrors. It can be seen that the laser output is about 25 times higher with an OC mirror but the output
dependence on mirror spacing is mainly the same.

Per unit time the gas discharge supplies an active amplifying gas volume by "pumping" with roughly the same extractable
lasing energy per volume of discharge if the current density is uniform throughout the volume. Still the amplification may
depend to some extent on radial distance from the capillary axis both due to radial temperature and density variation of the
discharge gas and the deexcitation effect of the capillary wall which is a bottleneck to the population inversion.

There are both frequency and geometric effects:

For the geometric effects:

The laser output power is determined by the fraction of the active volume where oscillating modes have high light intensity:
Only where a mode has high intensity, it can effectively converse the energy supplied by the active volume. The output
power is the higher the better the active volume is filled with zones of high intensity by modes which may oscillate. The
more possible modes, the better the volume fitting.

The laser output power through the mirrors is also deter- mined by diffraction losses: Each mode has diffraction losses on
the laser capillary and the cavity mirrors which all work as mode blinds. If the actually oscillating modes have high
diffraction losses they give off laser intensity (and power) to the sides along the laser cavity but not through the mirrors
and these losses lessen the intra cavity intensity and thus the effectivity of energy extraction from the active volume.

For frequency effects:

Per unit time the gas discharge uniformly distributes extractable lasing energy among gas atoms with different amount of
speed in direction of the capillary axis and thus different resonance frequencies. Since longitudinal modes (to the same
transversal mode number) differ in frequency, the higher the number of longitudinal modes the higher is the possible
output power because of better filling of the frequency space.

With the cavity with a flat mirror on one side and the 1400 mm- mirror on the other for small mirror distances both
fundamental longitudinal modes and modes with non-zero transversal mode number and also doughnut-shaped modes do

oscillate. The active volume is optimally filled, the diffraction losses low and the output power is high. At a mirror
distance of 600 mm the capillary filters all non-fundamental transversal modes, only some transversal modes may
oscillate and the output power has a minimum. With rising mirror distance, the number of longitudinal modes rises and
thus the output power.
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Fig. 3: Output power in dependence on mirror spacing d with the laser tube fixed in front of the flat mirror. The x-axis
corresponds to the mirror spacing d in mm.

For mirror distances over 1000 mm the active volume is no longer optimally filled since the mode diameter contracts on
the flat mirror and for distances over 1200 mm the diffraction losses on the curved mirror, where the diameter expands,
dominate and the laser power diminishes until the cavity becomes totally unstable at 1400 mm.

With the cavity with a flat mirror on one side and the 2000 mm- mirror on the other modes with non-zero transversal mode
number are filtered already at the minimal mirror distance, the tube length. The rising of possible longitudinal mode
numbers compensates for the diminishing useful fraction of the active volume with rising mirror distance until the distance
exceeds 800 mm and the diffraction losses on the curved mirror dominate.
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Fig. 4: Laser output power in dependence on laser tube position for different mirror distance

Fig. 4 shows the laser output power dependence on tube position for a cavity with a flat mirror on one side and the 1000
mm concave mirror on the other. The upper curve applies for a mirror distance of 700 mm and the lower curve for a mirror
distance of 850 mm. As tube position an arbitrary but fixed point on the tube holder was selected.

The opening angle of the laser beam is greater for the greater mirror distance of 850 mm so the diffraction losses on the
capillary opening that shows to the curved mirror, where the beam diameter is wider, are greater and the laser power
diminishes faster when the tube is moved towards the curved mirror.
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Fig. 5: Laser output power in dependence on laser tube position the x-axis corresponds to the laser tube position z in mm.

In Fig. 5 the left scale applies to the output through the OC mirror and the right to the output through a HR mirror of same
curvature which was set as exchange for the OC mirror. The cavity consisted of a HR flat mirror on one and a 1400 mm
concave mirror on the other side.

The output diminishes as the tube is moved towards the end of the cavity where the beam diameter is increasing because
of the greater losses of a thicker beam on the capillary. Because of less outcoupling losses through the mirrors the HR
configuration can tolerate greater losses on the capillary and the lower curve is less steep at the end. The bending of the
curve is due to the fact that the tube is still in the Rayleigh range and the beam diameter does not increase linearly. Also
the intensity fraction cut by a circular opening of a Gaussian beam is not linear with diameter.

Observations:




Results and discussion:
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Viva voce
What is the principle of He-Ne laser?

Discuss the application of He-Ne Laser?

What are the basic properties of an open HeNe laser system?

What is the influence of the resonator cavity on beam diameter?

Discuss the measurement of laser wavelength with an optical grating?

What is the unit of laser power?
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