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List of experiments

Determination of acceleration due to gravity by using Bar pendulum.
Study of resonance using sonometer for unknown frequency.
To draw the characteristics of a bipolar junction transistor.

To determine the rigidity modulus of the material of a wire by using Barton's apparatus.

Determination of wavelength of monochromatic light with the help of Newton's ring apparatus.

Determination of grating element of a diffraction grating using spectrometer.
Study of RLC Circuit.

Determination of surface tension of water by capillary rise method.

To determine e/m ratio.

Magnetic field measurement from Helmholtz coil.
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BAR PENDULUM

Expt. No. 01 Date:

Aim of the experiment:
To determine the acceleration due to gravity (g) by using a Bar pendulum.

Apparatus Required:

D Bar Pendulum

(11)  knife-edge with a platform
(i11))  sprit level

(iv)  precision stop watch

(V) Meter scale

Theory:

A simple pendulum consists of a small body called a “bob” (usually as
here) attached to the end of a string the length of which is great compared with
the dimensions of the bob and the mass of which is negligible in comparison
with that of the bob. Under these conditions the mass of the bob may be
regarded as concentrated at its center of gravity, and the length of the pendulum
is the distance of this point from the axis of suspension. When the dimensions
of the suspended body are not negligible in comparison with the distance from
the axis of suspension to the center of gravity, the pendulum is called a
compound, or physical pendulum mounted upon a horizontal axis so as to
vibrate under the force of gravity.

In Fig.1 a body of irregular shape is pivoted about a horizontal
frictionless axis through P and is displaced from its equilibrium position by an Fig. 1
angle 0. In the equilibrium position the center of gravity G of the body is
vertically below P. The distance GP is | and the mass of the body is m.

The restoring torque for an angular displacement 6 is

T = —mglsin(0) (1)
For small amplitudes 6~ 0,sin(6) = 6 so

0
IT = —mgl 0 (2)
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Where [ is the moment of inertia of the body through the axis P. Eq.(2) represents a simple harmonic

motion and hence the time period of oscillation is given by

I
T =2m m_gl (3)

Now I=Ig+ml?, where I; is the moment of inertia of the body about an axis parallel with axis of oscillation and
passing through the center of gravity G.
I, = mK? (4)
Where K is the radius of gyration about the axis passing through G .Thus,
K% +12

T =27
gl

)

The time period of a simple pendulum of length L, is given by

T=2T[\/§ (6)

comparing with Eq.(5) we can define L as the “equivalent simple pendulum” length
KZ

L=T+l (7)

This is the length of “equivalent simple pendulum”. If all the mass of the body were concentrated

2

at point O ( See Fig. 1) suchthat OP = L = KT + | we would have a simple pendulum with the

same period. The point O is called the “center of oscillation”. Now from Eq.(7). We have

I2—IL+K?=0 (8)
which is quadratic in / and so has two roots [/; and [, such that
Li+1=L
I, I, = K? 9)

Thus both /; and /, are positive. This means that on one side of the C.G. there are two positions of the
center of suspension about which the time periods are the same. Similarly , there will be a pair of positions
of the centre of suspension on the other side of the C.G about which the time periods will be the same.
Thus there are four positions of the centers of suspension, two on either side of the C.G, about which the
time periods of the pendulum would be the same. The distance between two such positions of the centers of

suspension, asymmetrically located on either side of C.G, is the length L of the simple equivalent

2
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pendulum. Thus, if the body was supported on a parallel axis through the point O (see Fig. 1), it would
oscillate with the same time period T as when supported at P. Now it is evident that on either side of G,
there are infinite numbers of such pair of points satisfying Eq. (9). If the body is supported by an axis
through G, the time period of oscillation would be infinite. From any other axis in the body the time period

is given by Eq. (5). From Eq.(6) and (9), the value of g and K are given by

g= ﬂz\/TZz (10)

K = IIIZ (11)

By determining 1, and [, graphically for a particular value of T, the acceleration due to gravity g at that place
and the radius of gyration K of the compound pendulum can be determined.

Description of the apparatus:

The bar pendulum consists of a metallic bar of one meter long. A series of circular holes each of
approximately 5 mm in diameter are made along the length of the bar. The bar is suspended from a horizontal
knife-edge passing through any of the holes (Fig. 2). The knife edge, in turn, is fixed in a platform provided with

the screws. By adjusting the rear screw the platform can be made horizontal.

AT I]I'IHIIIIIIIIII]]]%%
oy G
gt g ‘%

Time
Period
in sec

G
Distance (d) of the hole
— : —_—
from one end in cm

Fig. 3

-
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Procedure:

(1) Suspend the bar using the knife edge of the hook through a hole nearest to one end of the bar.

(ii))  Allow thebarto oscillate in a vertical plane with small amplitude (with in 4° of arc).

(i11))  Note the time for 20 oscillations by a precision stop-watch. Make this observation three times and
find the mean time t for 20 oscillations. Determine the time period T.

(iv)  Measure the distanced of the axis of the suspension, i.e. the hole from one of the edges of the bar
by ameter scale.

(v) Repeat operation (i) to (iv) for the other holes till C. G. of the bar is approached where the time
period becomes very large.

(vi)  Invertthe barand repeat operations (i) to (v) for each hole starting from the top most.

(vii)  Draw a graph with the distance of the holes as abscissa and the time period T as ordinate.

The nature of graph will be as shown in Fig.3.

Draw the horizontal line ABCDE parallel to the X-axis. Here A, B, D and E represent the point of
intersections of the line with the curves. Note that the curves are symmetrical about a vertical line which meets
the X-axis at the point G, which gives the position of the C.G. of the bar. This vertical line intersects with the line
ABCDE at C. Determine the length AD and BE and find the length L of the equivalent simple pendulum from

| AD+BE
2

Find also the time period T corresponding to the line ABCDE and then compute the value of g. Draw
several horizontal lines parallel to X-axis and adopting the above procedure find the value of g for each
horizontal line. Calculate the mean value of g.

Alternatively, for each horizontal line obtain the values of L and T and draw a graph with T2 as abscissa
and L as ordinate. The graph would be a straight line. By taking a convenient point on the graph, g may be
calculated.
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Tabulation: for Time period of Oscillation

Serial no of Distance | Time for 20 oscillations (sec) | Meantime t for 20 | Time period
holes from one of the hole oscillations (sec) for one Osc.
end from CG Tl T2 T=t/20(sec)
(cm)
1
One
Side of
C.G 2
3
4
5
6
7
8
9
1
Other
Side of
C.G 2
3
4
5
6
7
8
9
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Calculation:

4°L 2
g= =..........cm/Sec
TZ

Standard value of acceleration due to gravity (g) = 980 cm./sec’

Calculated value - Standard value| x100%=-----------%
%error=
Standard value
Result/Conclusion:
The acceleration due to gravity obtained using a bar pendulum is...................... Cmv/sec” with error of %.........
Precautions:

i.  Ensure that the pendulum oscillates in a vertical plane and that there is no
rotational motion of the pendulum.
ii. ~ The amplitude of oscillation should remain with in 4°of arc.
iii.  Use a precision stop-watch and note the time accurately as far as possible.
iv.  Make sure that there is no air current in the vicinity of the pendulum.

Signature of the student

Regd. No.
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SONOMETER

Expt No. 2 Date:
Aim of the experiment:
To determine the frequency of AC mains using sonometer
Apparatus required:
1. Sonometer
2. Slotted weight of 500 gm each
3. Hanger for weights
4. AC Source

Theory:
Frequency of AC mains is given by

S

_— All Lab .
L ———

The natural frequency of the sonometer can be calculated using the relation

1 |T

=0 Vm

©

(1)

2)
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where,

n= frequency of vibration,

m=mass per unit length of the string,

1= Resonant length of the string

and
T=tension applied to the string.

Procedure:

l.

Assemble the setup by tieing the wire at its one end which is fixed and other end passes over
pulley and carries a hanger of weights.

Mount the L-clamp of the coil with the screws of sonometer base at a distance 2-3mm above
the wire.

The core of the electromagnet should be lies at the centre of the coil.

Now connect the mains cord between the mains and sonometer.

Take two patch cords from the accessory box and connect the 6 Volt AC supply from
sonometer to the coil with polarity.

Now hang the weight of 500 grams to the hanger connected with one end of the steel wire.
Switch on the AC Supply.

Now adjust two knife edges near and far to each other so that you get some vibrations I the
wire. Then slowly adjust both knife edges for maximum vibration in the wire.

Note the length Zof wire between two knife edges by given meter scale. Also note load (w) in
kg.

10.Now increase load by 500 grams and again get the position of maximum vibration by

adjusting the knife edges. Then note the length Zof wire between two knife edges.

11.Repeat the above procedure by increasing the load by 500 grams in each step and take reading

of/for maximum vibration for all the given loads.

12. Similarly repeat he procedure to measure the length between two knife edges for decreasing load by

removing 500 grams in each step from the hanger.

13. Find the mean length for different loads to calculate the value of nin Hz.

Observation:
Length of the wire =........ cm=........ m
Mass of the Wire =-«-««-- gm=....... Kg
Mass per meter of the wire=.... m/Kg.

©
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Tabulation: for resonant frequency

SI. Load Tension | Length between two knife edges(l) | n Mean f=n/2
No. | (W) =W X |cm (Hz) nH (Hz)
Kg 9.8 Load Load Mean (Hz)
N) increasing | decreasing | Length
1 0.5
2 1.0
3 1.5
+ 2.0
5 2.5
6 3.0
Calculation:
8
n2— .................................................................
n3_ .................................................................
n4— .................................................................
DS
n6_ -----------------------------------------------------------------
Mean n=
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Frequency of AC mains

f=(n/2)Hz.

Calculated values of frequency of AC mains is estimated tobe ...................... Hz

Error calculation:

Calculated value - Standard value | x100%=---+--+-----%

%error=
Standard value

Conclusion:
The value of frequency of supplied AC mains was found to be.......... with.......... % of error.

Precautions:

The hanger should be properly tightened with free end of the wire.
During the experiment the hanger should not swing.

Maximum buzz sound should be carefully observed.

The resonat length should be carefully measured.

Care should be taken while working with Ac mains to avoid short circuit.

Nk =

Signature of the student

Regd. No.
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QleQ 8RR Q6% 6Q¢1Q =

Qe e NS A& -

odial 899 | cooge | QRG AIQRI AIGR FRIER  |cRGREI| lei@ier| AC mains @

aaal W) | (T=w x Q0@ ‘7 62.41.60 ‘nin | mean | frequency
UER | gggp) | 98F | G9e |@eE@ar) H ‘N’ in Hz| Qle@@ ! in Hz

Q& QI 0@ f=n/2

N 800

9 Qooo

qM | egoo0

bt 9000

8 | 9800

S qMooo
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@19 (Calculation) -

~ 1 |T ~ =~ ~ o~ o~ ~
J6C' Q6C' Bae miol @ 4 :E\/% 60 AIPEQ LIRVIER @ ¢1Id P LIAULIR

QloFael 2Ige | IKdea AC mains Q leEaa! (frequency) f = gHz 6@ 60RaR

QeI @9Q |

oalcre (Result ) -
Q TRIR 26T SRR 69 AC mains Q SIOE@S! f = 50 Hz @GR Hz Faml
6URG! S60Q QUS| QM 62R6S |

A0l - 96 asedl
. Qe FIFRA AIFIR A |
9. Qloe! 0R 98 LN QF At AR, ASS |
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BIPOLAR JUNCTION TRANSISTOR

Expt. No.3 Date:

Aim of the experiment:
To draw the output characteristics of a bipolar junction transistor.

Apparatus required:

1. A PNP transistor on a board
One milivoltmeter

One miliammeter

One micro ammeter,

Two Dc power supply

Two potentiometers.

AN

Theory:

The sets of curves between the collector current I and the collector- emitter voltage Vg
keeping base current Iy constant is called as out put characteristics. Mathematically, this
can be written as,

A_IC IB=Const.

—{(A 4
mﬁ. :

Iy C R,

B %

o L Fa
RS A W E MQ—

1.%_ v @ i

Fig. NPN transistor in CE configuration

¥

Sk Vit

©
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Procedure: The connections are made as shown in the above circuit diagram.
To draw the output characteristics:

Adjust the value of | at 15 pA. Increase V, in steps of 40mV and record the values of ¥
and I till last three values of I.come out same. Next, Change the value of | to 30 pA and repeat
the steps as described above. Repeat the steps for five different values of I at intervals of 15 pA.
Plot the V_.~ I.curves with V, along the x-axis. Each value of,I will yield one curve.

Tabulation for Output Characteristics of BJT:

I%eot. I%eor'lal Value of Iy inp A Value of Vg in volt | Value of I¢ in mA

1

NN P W NGO WA ONOR WN=ONOUDWNDAROOWM R WN -
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| [ma)
#————— Active Region
7
IE = EDI.IJ\
6
lg = 50pA
Saturation
Region lg = S0pA
s = 30pA
I = 20pA
lg = 10uA
B o lg=0 ¥
" ety * Vee (V)
1 2 3 4 5 6|7 8
Cut off Region
Output Characteristic Curve
Conclusion:
The output characteristics of BJT were plotted and the curves for different values of [ are systematic
in nature.
Preacuations:

1. While performing the experiment do not exceed the ratings of the transistor. This may lead to
damage the transistor.

2. Connect voltmeter and ammeter in correct polarities as shown in the circuit diagram.

3. Do not switch ON the powersupply unless you have checked the circuit connections as per the
circuit diagram.

4. Make sure while selecting the emitter, base and collector terminals of the transistor.

Signature of the student

Regd. No.
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Qe g QIGaa (BJT)

dQIFEQ QRN - QIO YR FIFR JOTR 0AQIE TR @R |

2IQENRNY RIS -
. @ PNP QIZaQ
QEIEQ Flge 9]
QYR IRl AR Q4
99 IRl Alge 9
DC Q40 dele 64I9l8l €2
QEIBQ YAl U9

v ¥ X 3 o

RIS - 69606Q6R 2BTE 699 diAl (I5) FEY @2l Ye° F6RYR (6RUNESR) (Vor)
SQU0 QI10] QQILIN, 666@ 2°gI2Q AR (Ic) Y8° Ve FRIER QI ARG QYRR SRl
QeIQN |

gegle gl -
0. QARG T RN L6 @S|
9. 69 Al Iz @ 154A 6Q QY|

N 6ANESR, Vee @ 40mV 9dia i6Q 2160 @8 @8I 9° g8 Vee 60 I gm
RS |

6K6G6Q6R Ic @ 6418 3 & gad AR FQsk, @ gadig 98 *aQ!|
g8 Iz @ 30 LA 6Q Q4 QI AL JPEVAR YRAYR AR |
154 A QIQUIFER 5 6 €9 Iz I JIR JRI90] IFIQR @aQl |

0o % X

Vee @ X-29 96° I~ @ Y-PIRRA A PARIE PIee @Rl |
E

< A — s

4wo O - “mA -
s C < R,
- g [
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A€l -
Is&it. I%?)r}al Value of Iginp A Value of V¢g in volt | Value of I¢in mA
1 1
2
3
4
5
6
2 1
2
3
4
5
6
3 1
2
3
4
5
6
4 1
2
3
4
5
6
5 1
2
3
4
5
6
Iz (maA)
TRl - +— Active Region
BJT @ 2Iae g6 0aQis aee ;’ o = 60uA
@AM 9° VG ©Q Ig AN saruration I =S0pA
die Qadie 6qIG Qa Aamil = 40w
|z = 30pA
lg = 20pA
lg = 10pA
lp=0
O%iii;}':: Vee (V)

1 2 3 4 5 B 7 8
Cut off Region

Output Characteristic Curve

AeaQ| -
0. JIBN0Q 6Q6° 9L6R, FIZEQ YGFY 6291 ARIQR! &l |

6QIR, FeQ e° 2IFARfica O Jao! (62IRIGE)6q YD @Al AGa |

ARG e U5 28l T6Q GG 66l QIR AR FE |

2I360, 69Q Ye° A°aleq 6aI0ee A0R AU §26 @AQl S0 |

X 3 0

@
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Qe g QIGaa (BJT)

dQIVEIQ REREN - G671Q T4l QIELRR FAARR RYE SFL6Q IO |

QAR FFY -
. Q6% PNP QI&eQ 9. 0@ 6aln doq
M. JR wHdae Y. ¢l wdoa
8. (DC power sypply) @3 6@ Q€ 9. U66@ds doa 96!

9. geQla A& 9IR

egnYe, -
IR JIeq J6Qden Jo Qdad @6nqa FCR 6RIN6ER 6@ QIEm 699
8192 °ge FaQIa geleel 99d GIa AR J6Aq Fdl PIBeNa FFIAR AT
R62AR | Q60 & 69 AYEER G6n G2l YRR QTR cnell Id -
VCE VS IC VC Ib

62l @ULID -
0. O6M Q¥ 62RAQI 65N R IY ZRAER IR AIRER YR |

oLoL '\

9. 2R gILER 15 1A 6Q I QERd, YL 2 FAee G4 F90I6R 0.02 mv
RUIPR 40 mv IIN UEQ U6Q QAR 2R IR, AR AT AQ A°FL 2R FARD
Qe 60!l AIe AT LILRIN JIeR QIR 69 6RYR |

N. @ IS IR QYR 6I66REM R TILRIQT JRI2Q NI gad (AIR) AR
ol 62062 |

Y. QU6Q 6ndll 6229l G2 @°. 9 2@ n 6w, 2RIQ 9RIeR AR 30 LA , 45 LA,
60 4A 2R 75 1A QI 2R 26Q 6Rdl @QR |

8. 6468 QL 2R GAR TQIe FRRIER X-2F6Q 2R LRI 9l 6@ Y-
UREQ 69 Y6C AT QRRQ |

Ade &g - —O— i
i lll-{

< R,
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QA& -
Is&it. I%?)r}al Value of IginpA Value of V¢g in volt | Value of Icin mA
1 1
2
3
4
5
6
2 1
2
3
4
5
6
3 1
2
3
4
5
6
4 1
2
3
4
5
6
5 1
2
3
4
5
6
le (mA
TeiTm - : +— Active Region
2IQR 99I2Q ZREl 2REl AIeER ’ o =60
—~ - — 6
62R9R Q601Q A6l SIFRA AV <,uration s = 504A
6@ 9eR 2R 69%n 64, alaq " o= 400A
JIRIgNG TRITR 6 SRR I8 ls= 300a
QA6e AR 62Q6L | st
lg = 10pA
- " . e ; — . lg=0
o1 7 54 5 6| @ Vet (V)

Cut off Region

Output Characteristic Curve

aiesedl -
R. QIBARINITE @6, SIBAQ FIAIY 6291Q AR Q|
9. QIZRQQ AR, FAGR 2R AIeR 6@ 0 A8 58 A8 FINAINER Yela @dll|
N. PRI 0R @R 2R F1R6 9] Jela el
Y. 66Q40q JQ9den 0R @Q JIf @onl A0 §94Ye, KIS QIR KRR @l |

)
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RIGIDITY MODULUS

Expt.No.4 Date:

Aim of the experiment: To determine the rigidity modulus of the material of a
given wire using Barton’s apparatus.

Apparatusrequired:
1. Barton’s apparatus
2. Slide callipers
3. Screw gauge
4.  Slotted weights
5. Meter scale
6. Spirit level

Working formula:

The rigidity modulus of the material of a wire is given by

_ 360giD Am
=" g

Where,

n= Modulus of rigidity of the material of the wire

m= Mass suspended in the hanger

r =Radius of the wire

D=Diameter of the cylinder

1=Length of the wire from the fixed end to the pointer
AB=Angle of the twist corresponding to Am

g = Acceleration due to gravity
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Procedure:

l.

Measure the diameter of the wire in two
mutually perpendicular directions at five |
different places with the help of screw gauge [s:

and hence find the mean radius (r) of the wire. K

.

. Find the diameter D of the cylinder with slide i. hﬁ P
calipers. |

.For zero weight on the hanger adjusts the ‘r =y :um:jﬂ
pointer so that it reads zero-zero on the circular -~ Cyinder
scale. _o

. Measure the length 1 with the help of meter .
scale. A

. Gently place 50 grams weight on each hanger. Mg

Wait for a few minutes and note downthe
reading of the pointer a both the ends.

. Increase the load on the steps of 50 grams till the maximum permissible load 300 grams

is reached. Note down the readings on both the ends of the pointer on the scale for each
step.

7. Now decrease the load in the steps of 50 grams till the load is reached to zero. Note

9.

down the reading of the pointer on the scale in each step. Find the mean reading 0 for the
load increasing and load decreasing for each step.

Plot the graph between the load M verses angle of twist 8. The nature of the graph is
a straight line. Find out the slope (AA—?) of the line.

Substituting the values of 1, D, r, and g find 1.

Observation:

Length of the wire from the fixed end 1 =...... cm

Least count of the slide calliper =...... cm
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Least count of the screw gauge =....... cm

Table-1 for Radius of the wire

No. | Pite | LC | 1cS | NC | Fcs | p= | PCR | CSR ) Diameter | Mean
of h | (cm) | R@) R R I~ =pite =DX =PSR radius
(cm) (cm) (cm) (cm)
1
2
3
4
5
Table-2 for Diameter of the Cylinder
No. of LC MSR VC VSR Diameter | Mean
Obs. (cm) (cm) =VC =MSR+ | diameter
VSR (cm)
XLC (cm)
(cm)
1
2
3
4
5
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Table-3 for Angle of twist

I(\)Igé,Of {ggfl,d in Load Increasin; el rﬁigiin%ecreasing (121/{36;%2)
6; 92:cl)—1800 63 64=(I)—180°

1 50

2 100
3 150
4 200
5 250
6 300

Here ¢ is the reading shown at the other end of the pointer.

Calculation:

Plot load vs angle of twist graph. The nature of the graph is as shown below

6!

m—»
From the graph calculate the slope = (AA—T;) S gm/degree
We have,
I= .. cm
l=......... cm
D=......... cm
g= i, cm/Sec’
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So, the coefficient of rigidity modulus of the given wire can be calculated as,

_ 360gID
wlr4
e dyne/ cm’
Calculated value - Standard value| x100%=------+----- %
% error=
Standard value
Conclusion:

The value of the rigidity modulus of the material of the wire is found to be
...dyne/cm’withanerrorof........... %.

Precautions:
1. Thebase of the instrument should be levelled by leveling screws provided with the base.
The pulley should be friction less.
The thread wound round the cylinder should be flexible thin ands trong.
Load should be increased or decreased gradually and gently.
The load should never exceed the maximum permissible value.

A

The radius of the wire (which appears in fourth power in the formula) should be measured
very carefully.
7. The pointer must be clamped very tightly, otherwise an error in the reading may arise.

Signature of the student

Regd. No.
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Q@0 geIw

dQIYERN SLY - Q@Qﬁ? QATPAS PRI PR 9@ PR Q4R Qeol Qelis (Rigidity
modules, 17 ) GQUé @@ |

QRS RUFQE! -
0. QEPE RUIQE
9. gae AIRad
N Q 6o

¥. 96 29l 688 Q@

8. Q06 encan

9. foq 6am

dRI8 - IR 9I0R @R 90l YT A0 PRSI AR 26D Y AYS 98 MLAR AR |

_360glD Am
="z a0

692016Q - M= 0lea 92 996! g8ie (Modulus of rigidity)
r = Qe QUIAS
m = ERél IR RAS! BRR
D = dQgoa Y
[ = 3o 6699 9o I8 GI0Q KA,

AB = Am 919 2QuI6e §d& 6218l (Angle of twist)
g = ARISIS 8RE QR

gegle gl -
R. Q 66IR AIILIER GIeR AIEE ] ] YRR YRE TR QR FTQ QI Al
Q9! | 12I96Q PR 2RILIA MIAR Fde @G |
9. 9Ae AUIRIL QIeela A7 INGER A Fdda KRS |

N. g IRYFRER 6T 6@ @Y Ioaq O, NNEQ ANIGY 6LURE, QAIRIR
6AM QUEQ YAI-GR (Zero-Zero) @ AR 6Q6I6Q 6QSITR |

¥. Qo ga 6689 9oea 9ae! (1) AId eag |

8. AN G AGe ¢S AR 8o GIfl 6RR QG| @8 ARG el @RI IQ°
JoRQ Q@ dIsa g sage!|

@
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9. WAIFP ULAGE 6RR Mo o gif| ILER! AdIS 8RR 9F RARI 1e° g6eUR 2 il

4m QUIEQ o0 YWY dIsa (Id emy Q< |

. 6Q EME 990 299 994 6291 Jdi8 8o gif AARER B 2 KA IL°

g694a 20 dI 63M RUER IPRR QO ISR AT 6nY QY | JEBIR AR AIR
602 9F I9° 6eR 29 2ARLIR AP Fde ARSI

. 699 (m) 99° gde 6218 (Angle of twist) €06Q U@ QI 58 @8R! AT

~ AmY\ ~
dQd U@ IREQE 62Q | 1@ AaResia 69<| (E) QQ08 @Gl |
Am ~
[,r,D @° giag (E)Q Jal QIR @8 CIe 9gR 9ee! gle M §
deIs6q GEIINYQl 948 QIR GQUdl @89l |

AYEIS! -

de 669Q Qe @R (/) = 626

e QURAd : AR QIRga RIS

Q 6919 : MY QIR FRIRE

A4 € (P1aa A9YY 690a IAR) -

No.
of
Obs

Pite | LC | 1CS NC FCS _ PCR CSR | Diameter Mean
h (Cl'ﬂ) R([) R R I~ :pite =DX =PSR radius
(cm) (cm) (cm) (cm)

1

2
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Q€ 9 (ARsea QuIQ) o -

No. of LC MSR vC VSE% Diameter Mean
Obs. (cm) (cm) =VC =MSR+ | diameter
. VSR (cm)
XLC (cm)
(cm)
1
2
3
4
5
A& N (4L 62161) qAR-
No. of| Load in _Pointer reading , Mean 0
Obs. | gms Load Increasing Load Decreasing (degree)
_ 0 _ 0
6; 62—CI>—180 63 64—4)—180
1 50
2 100
3 150
4 200
5 250
6 300
6990168 ¢ = o AR YBR QAR AIC
SISl -
r=__ 63§
= 6Qf T /
- 6 vl
= 6QF A
= 6af / (6Q609)° 7
__360glD Am Vi
= n= m2rt “A6 m—»
n= elae [ (6249)’

)
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S0Re A -
T SIEIRI gAY - geo amY
e °c o X oo
a9e gm
QALIQ -
QAUEASB ANV, 26R QARG 627 64, PIAQ ¥LR LI Y8
n= elar / (628)’ 69926Q F0RG! % Q8 QLR |
AeRe! -

R. 6030 g G cNEM ALRILIER AR KRR QA

9. IR Q88 GIR 621 SR |

ARERER e 2R IO JOR 8 AIRYE. 62N AGE |
Q641 661 ARUNER 690 96 6 21 FAR! QSR |

6RRq A6 AYEE JRIY AP 6291 AGA, Q62 |

QleQ AR ACHAIQ LG AT *AQl RS |

0 v % X3

IoRY 69060 AR QY ASS.|
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Q@0 geIw

dRIGl FQQQ IR AEQYS - TP AR AR A6 Y66 IR 699 FHTE HRlQ 6268
Qe 96! (Rigidity modules, 1) QI2IQ @Q¢! |

QAR KA -
0. QFRR QURQE
9. gae MIRad
N Qo
¥. @82l 2ol 80 gif A%l 28R ACRR
8. Coq 6am

dRIB - G6% GIRES 697 8RS 6., 6A0IR 996! FEliE QRIRRARIR IBT 6R -

_360glD Am
="z a0

6DR0I6R - M= GG 690 FGYY F6R 6QA0IR, QLTI Yl
r = Qe QUIAS
m = ¢RRE NI VTR AR
D = dQgoa Y
[ = 0l KAl
AD = Am 222 QT 6R16Q NERE
g = 921Q ARINTE AT 6222 QRE

AR AR -

0. Q IR 62090 0o g ARG ARG FIFIQ IR AYR | IR, UEQ I}
QLI ARG RLE |
e MIR0EE 6°ea IRLeR AT RIQS |
RO ARG 292 PR Z6NR 98 FPIREE ATRAEER 0-0 61 696 @R |
QIR AAG| FIEQ 6AM 69LIR, @R FIYR |

ERl FIRER 80 GIfl 6RY ARRR ERA! QYRR 2R T6R 2TRR | IR TR
QTR AURRER QRTIAQ 6918l 6@ QYR |

» X 3 0

@
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80 QIfl 6RYI QSR QRTIER YR YR LR FAR, AR TR, YRR ERIEIS!
QYR | 43I @8 Moo Gl 6RG QSR ARTIEN AR AR FUR 6RIG6R AU
@R QYR |

Q0IQ J6Q 80 Gl GRS AFP YR INIER A QR 2R A6Q TR YR TEM
FRIR 6RIE61 FIR | FIQ J6Q 6TR 80 Tl 6Rl AER YR 2IEY FETR FRL.
2R QR TN oAl 616! QIR | APIER AR AR AYR, CUER CANIR. 9N
JRIER APR 0-0 QIR CEREE |

. J60YR 29 AIG 692 Y6l 6a18 R OIQ 2IAILIA 6RER YRR 618 AN

¢. 299 22 6Rl6Q GOER FITES RIPR | 6900IR Q66 Jul 6adl 6291 | G 69

(ﬂ_m)~
2 \7g) mall

AYEIS! -

QY RS AR QPR KR -

Qlea @al (/) = 6Q.41.
Jae IRode At Qleg = 6.4\,
Q IR0 A% QIR = 6.¢l.

aAIQE ¢ (LI QUIAIR) -

No.
of
Obs

Pite | LC | 1CS NC FCS _ PCR CSR | Diameter Mean
h (Cl'ﬂ) R([) R R I~ :pite =DX =PSR radius
(cm) (cm) (cm) (cm)

1

2
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AQd 9 (ANYQQ MNIQ) -

No. of LC MSR vC VSE% Diameter Mean
Obs. (cm) (cm) =VC =MSR+ | diameter
. VSR (cm)
XLC (cm)
(cm)
1
2
3
4
5

AQén M (g4e 6141 -

No. of] Load in _Pointer reading , Mean6
Obs. |gms Load Increasing Load Decreasing (degree)
6 E)2=cI)—180O 63 64=([)—1 80°
1 50
2 100
3 150
4 200
5 250
6 300
QS| - .
Qi Q = gliel / g 5
| = 6Qd 2
r= 624 /
D= 626 BT . .-/
g = 980627 / (62698)° /
_ 360gID Am i
n= m2rt ‘A6 B

m —» (gm)
or, = elee [ (6a8)’

@
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SRATM -
Q QIBIR 26A RRR 69 B2l 62R2R FIRR, 90! FEIT
n= el [ (6Q8)° 2|

AeRe! -

Q.

0 v % X3

RIS gFica O Q6 JA6 Rsang. AR *aQ! @all|

. IRCI TR9R 6nQ 2RI @l |

dRE0ER Qsam 62R2IR oIS 6gRem AR ¢IR cerelel @all|
QARG UER 6Q OR0IR VIEQ ERIRIR @ |

ARR 699G 2URERQ AR QIR 621R Q|

Q108 QARG 0R0IR 98 AIIRIR 264 |

INERER O0F @R 6QHAl 2IR IR, Q18! N6 6nY QA |
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NEWTON'S RING

Expt No. 5: Date:

Aim of the experiment:
To determine the wavelength of monochromatic light using Newton's ring apparatus.

Apparatus required:

1. sodium vapour lamp

2. One Plano-convex lens with large radius of curvature
3. An optically flat glass plates

4. Travelling microscope

5. Magnifying lens with flash light

Theory:

When a parallel beam of monochromatic light is incident normally on a combination of a
Plano-convex lens L, and a glass plate G,, as shown in Fig.1, a part of each incident ray is
reflected from the lower surface of the lens, and a part, after refraction through the air film
between the lens and the plate, is reflected back from the plate surface. These two reflected rays
are coherent; hence they will interfere and produce a system of alternate dark and bright rings
with the point of contact between the lens and the plate as the center. These rings are known as
Newton's ring.

Travelling

2 FringeNo. 1210 8 6 4 2 2 4 g 81012
Microscope

Glass
plate, G,

Source

Convex
Y f Y Lens, L

Plano-convex

, Lens, L,

— == Glass
plate, G,
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The wavelength of monochromatic light is given by

where,

D2-D?
}\_ n m

~4(m-mR

R=Radius of curvature of the plano-convex lens

D, =Diameter of n” Newton’s dark ring

Dp=Diameter of m" Newton’s dark ring

Procedure:

1. Find outthe least count of the travelling microscope.

2. Keep the Newton's ring apparatus just below the microscope tube on the base of the travelling
microscope.

3. Keep the glass plate fitted with a stand inclined at an angle 450 just above the Newton's ring
apparatus such that monochromatic light after reflection from the glass plate falls normally on
the plano-convex lens.

4. Focusthe microscope so that alternate dark and bright rings are clearly visible.

5. Adjust the position of the microscope till the point of intersection lies at the centre of the ring
system and the vertical cross wire is at right angled to the horizontal scale.

6. With the help of slow motion screw, slide the microscope on one of the sides (say left), till the
vertical cross-wire lies tangentially to certain dark ring (say 23). Note the reading of the
microscope on the horizontal scale and record the tabular form.

7. Slide the microscope towards right with the slow motion screw and take the reading when the
vertical cross-wire lies tangentially at the 21st, 19th ,17th, 15th.....dark rings and go up to 5th
ring. Note the reading of microscope at each stage.

8. Keep on sliding the microscope in the same direction till the vertical cross-wire lies
tangentially at the Sthdarkring on the RHS. Note the microscope reading for the 9th
,11th,.....23rd rings.

9. The difference between the readings of the microscope for a particular order from LHS and
RHS gives the diameter D for a particular ring. Calculate D2 for different orders.

10. Plotn~D2 graph taking D2 along y-axis and order no. of rings n along x-axis. The graph would

be a straight line passing through the origin.

2 12
11. Find out the slope of the Dn ~Dp, graph

n-m

Observation:
Least count of the Travelling Microscope:

Value of one division of the main scale=.... cm.
No. of division on the vernier scale =..........
Least count of the travelling microscope = ...... cm.



~\

LABORATORY MA]‘{UALJ

& [BI0L USA | DA USIN [BI0L USA OA ASIN 'Sq0
G (;wo) (u) "ON Sury JO
« . .

g “ a Suipeoy SHY Suipeoy SHT °N
]

&

3ury s,U0)MIN] Y) JO JIJIWRIP Y} JO UOHRUIULIIIIP AY) 10 d[qe],




~_ A N
_(qsmcleum G6@8al / LABORATORY MANUAL)

Calculation:

From the graph evaluate the slope 2224 the value of R=........... cm
m-—-n

The wave length of the monochromatic lightis, A= SZZZ Z =

.............. Cm=............ A’

Yoerror= Calculated value - Standard value K 100%z -roreres 9%

Standard value

Conclusion:

The wavelength of the monochromatic light was found to be....................ooonl. cm
with................ percent of error.

Precautions:

(1) Glassplate sand lens should be cleaned thoroughly.

(2) The Plano-convex lens should be of large radius of curvature.

(3) Thesources of light used should be an extended one.

(4) Therange of the microscope should be properly adjusted before measuring the diameters.

(5) Crosswire should be focused on a dark ring tangentially.

(6) The centre ofthe ring system should be a dark spot.

(7) The microscope should always move in one direction to avoid backlash error.

(8) Radius of curvature should be measured accurately.

(9) Since the first few rings near the center are deformed, they must be avoided while taking
readings for the rings.

(10) Care must be taken not to disturb the lens and glass plate combination in any way during the
experiment.

Signature of the student

Regd. No.
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FACRT QA

JRIFR RERE - AR, QAR AR 6T A6 IR FEE 2EAIR AR FRGE 6D
Gda @09l |

IR LUXRQE] -

. @ U994 Zcnie Qg (6QBLE 2IERIR)
GRCR. 9@ RANRE
alaly (e %@@@ (Trovelling microscope)
QNG @Ie (magnifying glass)
o o @9 dIQ
4R (JER-a96a] A7) AeR 25aan 6

v ¥ X 3 o

QRIS - 6960696R Y@ Q& AR QIS 646 RUER Y@ AR UGRRP 6AY AFICIN,
QG d¥ cRIEQ QI QIgR PI9Q QIR JETHE 62Ia ZERIR AIYLR TG | 1@
2IeAIe Agaea 9Aate (Cohecent) 0& 621RAIRIQ 212624 (interference) 621ReIN |
Qe QIal §RI8N (destructive) 98° @ORIER (Constructive) 236216 QIQl 2A9@fe 2SIQ
Q° Q@R QAIRIQ IRl FI0R @8 | (@ Qageq ‘Frees Q@ QeI |

B Dn* — Dm?

XS] - A=
4R(n—m)

69906Q - Dn = n 9¢l 2NIQ 9AQ NI
Dm =m ©¢l IR Q@ QI
R = AU0R-2020R 6R9Q @20IQ UIASF

gegle gagl -
0. QIEAR° AINCRICIUTR AE FIeg Fdg adQ! |
9. GROR Q@ AWRER AIRERIEAYER OR QIR JIR 2! |

N 99 Qo Q4 ¥ 8° 6xl8 @R QYQl, 69JURR JERAR Ziknla of RIARY QILER
AIER-UCRAR 6A] QU6Q IGR |

¥. 999910 @9 ¢HIeg QAR 62961 QYR |

8. QYadiq Y6 QI A9g 6991 6 IN 97 AN YAy 2RV IR g AITe Ry
6RYQ! |

)
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9. 9 AAUER, %@@éﬁ@ Qe @ 9¢, 0, 09.... 8 BF ZRIa Q@ AUER Y
QAG° 699! |

9. @R oJ¢ Goig AHEG @R 8, 9, ......... 9€, 9N QRQ O&° 6QRl |
M. 641G Qaf AIEQ OUNIQ, QIIQ K, 698 QAR NI LR KRR |

¢, g60YR 2Ieq dIR (QUIQ)? ¥Rl @ag ¥e° 2ea (n) Vs (U1Q)? (D?) QI 2eR
@AQ! |

geuael -
6010 6N IR PRRQ =
RE0Q 62NQ GRRR W =
ad @led (LC) =

AR : AR, QAR MIQ IR -

No. LHS Reading RHS Reading
of Ring No.
Obs. MSR vC VSR Total MSR vC VSR Total

(cm) (cm?)
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QIR -
qoaega 2o 14
- (n-m) —]«
6RQQ ool = (R) = cm o2l
= < slope b= .
= (A)=
CAETR 6QEN = (1)=—" |
S |
| |
| | ~
7 X
(e} m n
No.of rings (n) —
TR -
6AIGRIERIAITR ZISRIR Caera 60aY FRg cm Q! A° Q° 2EQ
000 Qm 22 |
AeRe! -

0. gJd dIgR 621da 02 QI ¥ 8° 6Q 6496 QAR AGA. |

9. QG° 609l 696m 2 910 0K QIS VIR QA Y IRER AR AGE.|
N. 9@ 2 I OR QU6 ¥R QAR QS3 |

Y. 69IGN QE6Q FIRERIEIDR FGEIR KR AR |
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GO gl

QISR A REREN - FATRR FRIRIR, 68 AETIR AR Y66 AR ZEAIRA CAER Al
Qe el |

QAR FFY -
0. ¢66 Yedo 2CRIRR A
9. GRAR RIFIQ ARSI
N ORRER ARERCIT
Y. 99 Qe
8. Q66 0a QS 699
9. G6C WIPR-UFRRR 6RQ

ARIB - 66P6IEM Q6 YRR TR I 696 RUEQ J6T AWR-UTAR 6NY 6@
QAl, QRS TIRQ 118 Q! YRR AR & JOTRS 62RA ERIRa JARIEe TR
QINGR | 2R @ AR FIRFIER ALELIS CaF 62rdla AIE &8s (Interference)
62ned | 629 AIG IR 2R APRNR ARFATUCRR AT UQefia INIQ AR AeN
JRIRIRQ F0R F0dR | @ JAIRIR, AINg FACRA AR LIKING |

qe - P Dn* — Dm?*
4R(n—m)

406 - Dn=n 0¢ ARQ Q@ M4
Dm =m ©¢l IRQ Q@ QI
R = AGFOR-UTRQP 6AQQ 9Q0IQ oY

PAQIQ GAR| -
0. PRRYIA AINERICIITR RS G QLI FQR |
9. FR0Q INIRIQ RIRAR, AIRCRIEAI & OR UL QYR |

MN. P6E RIS 6YFER ¥ 8° 65Q] @R QYR 6928Q NIF JESAE cRRa e QR
QIEQ AIPR-2GRRR 6AQ AUER UG |

¥. 6261 ORl R0I FINCRIE/IR 2 FI06e JRIFIR FIF6R YR |

8. AIRCRICIITER UARQ 6097 2PER QAR ARX ING ANQ IRIFIR 68 LRS!
a2l (QI2IQ ZIPQ MIRER) QY AIRCRICIIIR QAR QYRR 6RY FAR |
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9. 0l AVIQ FINERICRITER YR @R 9€, e ¢, €9,
QUEQ O AIRERIEAIIR A 6YRR 6RY AR |

9. 13l QP8 2GR 6oARR e S &, 9, ..., 9, 99 6F 2NQ AR
(YRR 6AY 9RR |

M. O} J6Q, Qa0 Qe Fe6Q PTI0, QPR PQ 64 JAIRIRR A QLI FQR |
¢. 99 @F AIF (QUIQ)2 69% @QR 2 2ea (n) §aaie (Q41Q)? (D2) QIT QIR |

6QSIR -
6010 6INQ G6T GRRR = cm
RE0Q 62NQ GAFR Hl = cm
ad @lad (LC) = cm

AN - GG MR MIK -

No. LHS Reading RHS Reading D D
of Ring No. (cm) (cm?)
Obs. MSR vC VSR Total MSR VC | VSR Total
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@I -
2 2 Y
g|ga@ quq — M Y\
- (n—m) T
6RQA 07l = (R) = cm D2
slope
= (A)=
SREIQ Al = (1) == |
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| |
| | ~
o m n 7 X
No.ofrings (n) —
TRTR -
R 98l AR ABIQ 99 Q&R 2EAIRR, CaSR R A° QINQ |
@5 asedl -

¢. gId 69eR 6R18I6R OR QUES ¥8° & 696 @R Qe |

9. QG° QR 696m @Y PINER 0R AQ LRI JRIFIQ QAR s QWA |

N, 9QaQ 2 LHIea 06 Q6L 8R! @ |

Y. QG° ARl 696M S AR (609R I ARG @ A6 Q@ 6098) AIRERIEID 6@
ESR @ |
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DIFFRACTION GRATING

Expt No. 6 Date:

Aim of the experiment: To determine the grating element of the supplied plane diffraction
grating using monochromatic (sodium vapour lamp) source of light.

Apparatus required:

1. Spectrometer,
Sodium vapour lamp
Magnifying lens with light
Sprit level.

Nk N

Grating Element

Working formula:

(a+b)sinB=nA

Where,
A=wavelength of light

(atb)= grating element n=order of the spectrum

0 = angle of diffraction
Procedure:
1) Spectrometer adjustment:

1) Findthe LC of'the spectrometer.

1) Make the base of the spectrometer horizontal by adjusting the leveling screws
provided with the base using sprit level.

i11) Adjustment of the telescope: Adjust the eyepiece of the telescope till the cross
wires are clearly focused.Adjust the telescope to focus a distant object, avoiding
parallax.

1v) Adjustment of the collimater: Keep the telescope in line with the axis of the
collimeter and the source. Adjust the width of the slit to get a narrow line image.
Adjust the distance of the slit from the collimating lens till a sharp image of the

illuminated slit is obtained.

©
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2)

3)

Grating adjustment:

1) Bring the telescope in line with the collimeter and source to have image of the slit
on the vertical cross wire.

11) Take the direct ray reading on the scale (MSR,VC,VSR &Total). Let it be X.

ii1) Fix the given grating on the prism table. Now turn the telescope from its initial
position through exactly 90° and clam in that position. Let the new reading be
X+90".

1v) Rotate the prism table slowly without disturbing the verniers so that the reflected
image of the slit is made to coincide exactly with the vertical cross wire. In this
position the angle of incidence of light on the grating surface is 45°.

v) Rotate the vernier scales along with he prism table through 45" to adjust the
grating normal for normal incidence position. The verniers are locked in this
position.

Measurement of angle of diffraction:

i) Adjust the telescope for the 2" order spectrum on LHS, clamp it and by slow
motion screw, bring the intersection of the cross-wires exactly in the middle of the
2" order D, line.

i1) Note the reading (MSR,VC,VSR &Total) on both the verniersV, & V,.Normally
the difference between the verniers should be 180"

iii) Then adjust the telescope for 2D, &1 order spectrum on LHS respectively and
note the reading.

1v) Now turn the telescope to catch the first order, 2D, & 2D, images respectively on
RHS and take reading of the two verniers for each order.

v) The difference between the two readings of the same vernier is double the angle of
diffraction 20. Find out the mean 0 for different orders.

Vi) Using the working formula, find out the grating element of the diffracting grating,
substituting the value of wavelength of sodium light, angle of diffraction and

order number for different order. Then calculate the mean grating element.
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Diffraction grating and
Mounting clamp

Slit plate Spectrometer table /’
Collimator

|

/ Focus knob

3 \
/ Focus knob
Slit width Graticule lock
adjust screw ring
Telescope
Spectrometer

table base Telescope rotation:
Fine adjust knob

Telescope Vernier scale

base Lock screw
Table rotation:
Magnifying glass Lock screw
for reading Vernier — Fine adijust knob
nd
2" order
1" order
Central Maxima
T\
[ ]
S . = l 5 Telescope
Collimeter
Grati
g 1*' order
2" order
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Observation:

Least count of the Spectrometer = ... ...

Table: for Angle of Diffraction

Mean
(athb)

(atb)

Mean

20

RHS vermier

Spectrometer reading

LHS vermier
MSR |VC | VSR TOTAL| MSR | VC | VSR [TOTAL

Ver
nier
A\
\Y
A\
\Y
A\
\Y

Order

No.

2D,

2D,
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Calculation:

A=5893A0

Now using the working formula we can calculate te grating element for different orders as,

1. Forn=1;

A
(a+b)= sin®
e 1619 0 =R A’
2. For n=2;

2A

(@) (a+b)=—
sino
e, 1619 =R A
2A

(b) (a+b)=—
sin®

e CIN= eoveeeeeeeeeeeenns A

Find the average of the (a+b) =

Calculated value - Standard value
%error= x100%-=......... %

Standard value

Conclusion:
The grating element of the supplied plane diffraction grating was found to be.............ccueeen.e... cm.=........ A’
Precautions:

1. Make sure diffraction grating is placed vertically and ensure turn table is horizontal/flat by using

AN

the leveling screws.

Check that the vernier calipers are set at 0 degrees before proceeding.

Adjust the eyepiece until the cross threads are clearly in focus.

Adjust the slit so that a narrow beam can be seen through the cross Wairs.

Check that the central ray is shining directly through the centre of the cross Wairs.
Set collimeter so that only parallel rays come through it.

Signature of the student

Regd. No.
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AgRE RIM

dRIFEIQ AR - 2CAIRR Y9 9dE A2 ML AR TR TR ARG AR
QURIRQ da|

dIQNRY RUKXQE] -

0. 69a6gIfeR

9. Q6 I

qN. 6AFAC Yiet

¥. AR Feae 666"
8. U990 (e QIF)

d|le -
(a+b)sin 8 =ni
69Q0I6 - 1 = 2CRIR Oaer 6T
(a+b) = 69IG° QAR
n = 89008 Q¢
0 = GRR0 6al4

geglel gl -
€. 69R6QITCAQ ANCARG -
i. 6996gI00aa AR c¥Inl fda aal
i. Q00 90 AR AR 2RIG AR Q|

ii. @ PIAGER 9T AU 6940 @ 620! NS CEREIITR Y 9] (eye
piece) AIEAIRS F0RI | 98 QIR QIR 9@ 98 @ZR 28 P4 dI 65REITR
ANEARR @RI |

9. AAIMNRNARRQ AANCAURER - 6RIRATCAR Y 1G° QY ATE 6TNCIIR IR AR
6QEI6R YRl Y@ Q14 6adl goed dRel JR JdeQ 99e WIS KRS |
2eRIne JoR Y@ 61y goad dInel adis 6aIRfea 6RqQ d9a 9eeIg AR
QgQ! |

N. RN AANCAURR -
i. QAR 29 0IR6x JoR Yad AIRQl din 6SREALR CRINTCR 19° 2IERIFR

@
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Qg 990 Y@ ANBQ 6Q¢I6R QYS! |

6AMER JAUT Qe QP g 68l (MSR, VC, VSR (e° Total) @ig ‘X’
6N UULIRA |

Jae 659M6a GRIKIRARI 696°Q o 209! | Y61 69REI0R 1R JIoda
d6Q 90° 9dis geen 628 Go6Q Gl ARSI | FAAIR QOR Rl X + 90°
6QIR RS |

RdIge 909 G300 @ad Jef 609RG UER N6Q F6eR Jee JeTRe
g628q AGeIn 29 010 996 09 RUNEA 661R YR QYS! |

@ go6a 69l6° J96Q isniaa 2inle 9o 6216l (Angle of incidence) ¥ 8°
62Q | ARIQS 2RI G IR 696°q ARG AVIER TRF| 69QR ALe ¥ 8%6Q
0d9Q 62na 9IRSl | Rdoe gee @ Jo6a ga caln Q8|

¥. Qged 6l6Q Ald -

Vi.

QP U6 QUet IG° YR TIF QI YOI 6296 TN 65RENY ANCARS FAQ
e° @9 6IkIQ geaa AIFie 689 (intersection)q G019 @dq 0@ AE6a
QYR |

Q09 @39 Vi ¥9° V2 @ IRl Adee @89l AR 29g Q¥E9a
QRIS QIgRY 180° 629 QG0 |

QI06Q QIF UFER YUIREA 2D1 IL° YT 69RFE TR 69REIIIR ANCARR
@Q gIRle GQUS !Q!|

PO QU6 PRI U6 YA @F 2D+ 4e° 2D2 6996¢! iR 6ERE/ITR
AAICLIRD QR YRR @A JIR YAIF FQAE KRS |

ANe RE90Q 9AG JAIT AIER AIdRY ARIRSES F6gae 6al8 26 @
Q98| 01060 BEQ af AR LIAILIR 618 FQUE KRS |
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9GgIge @ 21QI2IR 696° QUIQIR FQUs KaQ! |
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Spectrometer reading
Order | Ver LHS vermier RHS vermier 20 | Mean |(a+b)| Mean
No. | mier [~ T T o Tue 8 (atb)
MSR | VC | VSR [TOTAL| MSR | VC | VSR [TOTAL
C

Vi
l

v,

Vi
2D,

v,

Vi
2D,

v,

osiel - 1 =5893 A°

. @ @adl (n) = 149IQ, (a+b) =

sin 60

9. @7 @ (n=2) i

24
@. (atb) = sin 6
o (a+b)= sin 6
(a+b) @ 2QILIRN Ry FQLE KR!
ORGP am -
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iv. 9498 10 ARG 6QRUQ AR 28 A6 JRN 6TYNER UER U6R YEAR @R
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