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 the X-Ray Diffractio I w111 be perfor@three dlfferent perlments The
titles of these experiments are:

1. Fine structure of the characteristic x-radiation of a molybdenum anode.
2. Duane-Hunt relation and determiwnck’s constant.
3. Bragg reflection diffraction of x-rays at a monocrystal.

<+ Abstract

e

@}e\ctive and Tasks

A. Fine structure of the characteristic x-radiation of a molybdenum anode.

e To investigatemm the characteristic x-radiation of
molybdenuWﬂection at an NaCl monocrystal in the fifth

diffraction order.

o Identifying the characteristic Ka, Kb and Kg lines.

e Resolving the fine structure of the Ka line as a line doublet and determining
the wavelength interval D] within the doublet.

. Duane-Hunt relation and determination of Plang&ggp,stanfj

o T0O aeteW wavelength Imin of the bremsstrahlung continuum as a
function of the high voltage U of the x-ray tube.

e To confirme the Duane-Hunt relation.

e To determine Planck’s constant.

C. /Braggfeﬂectlon diffraction of x-rays at a monocrystal
e Toinvestigate Bragg reflection at'an NaCl monocrystal using the characteristic
x-ray radiation of molybdenum. — o

J DetermmmWr the characteristic Ka and Kb x-ray radiation of
molybdenum.

o ConWechon

e To verify the wave nature of x-rays.
bbbl




% Apparatus

All of the three experiments have a common apparatus with little differences, of
course. o

——




a Mains power panei d Tube chamber f Fluorescent screen i Feet
b Control panel (with X-ray tube Mo) g Free channel k Carmying handles
¢ Connection panei e Experiment chamber (here | ok

with goniom

Figure 4: Schematic drawing of the X-ray apparatus.
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b3 Parameter selector keys
b4 Scan-mode kays

b5 Operalional keys

b6 High-voltage indicator lamp

re 5: Control Pane
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(s_k,,pparatus is 51mp1y consist of a source, a sample, and a detector. ) e
e The source is x-ray emitter. It emits x-ray by hitting electrons with the Molybdenu )

atoms.

(”TF e sample used is (NaCl). It is mounted on the GonlometeD /
Gonjometer 1S the device that changeﬂe angle of rotation of NaCl sample. l//

o The type of detector m e S /

e The x-ray apparatus is connected to a computer with a Windows-7 operating system.

o Safety Regulations:

/

The x-ray apparatus fulfills all regulations governing an x-ray apparatus and fully
protected device for instructional use and is type approved for school use in Germany

(NW

807/97 R&). The built-in protection and screening measures reduce the local dose rate

outside of the x-ray apparatus to less tha a value which is on the order order g
magmtude of the natural background radiation.

O

o}

[

Before putting the x-ray apparatus into operation inspect it for damage and to

make sure that the high voltage is shut off when the smed

Keep the x-ray aWure from access by unauthorized persons.
Do not allow the anode of the x-ray tube Mo to overheat.

When switching on the x-ray__ema;ams check to make sure that the ventilator

in the :uqbe,ch@mbemslummg.
Do notblock the target arm épd sensor arm of the goniometer and do not nse

force to move them.




% Experiments

I- Fine structure of the characteristic x-radiation of a
molvb({glum anode.

-

1

Figure 6: Diagram showing the diffraction of x-rays at a monocrystal
1 collimator, 2 monocrystal, 3 counter tube.

Where:
n: diffraction order. / ~
d=282.01 pm: lattice plane spacing (@\)

A9 = angular spacing. (see Figure 7)

AN = The wavei?t’erval of two lines
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Figure 7: Definition of the angular width d¢ and the angular spacing

A of two intensity maxima. -

-

The values of the characteristic lines, Ko and Kp + Ky that appear in the first order

diffraction are listed in the following ta/bl,/

Literature value

Line doublet (W

Ke | 71.08—~
Kg + KJ ( 63.09

N

But for the fifth order diffraction the values are as follows:

Literature value

)
Line doublet) (Mo~

Ko 70.93 |
Kal 7136
Kg 63.26 |

Ky 62.09 \
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Figure 8: Experiment setup-i ‘ ragg configuration.

Connect the RS-232 output to the serial interface on the PC (COM1) using the 9-
pin V.24 cable (included with the x-ray apparatus).
Install the collimator in the collimator mount (a).

3/ Attach the goniometer to guide rods (d).
65)- Make the distance‘frmn-the-sﬁt—diaﬁlﬁl—gm of the collimator to the target arm to be

5-

S

7-
8-

)G

——

C —
Connect ribbon cable (c)
Remove the protective cap of the end- w1ndow counter, place the end-window
counter in sensor seat (e). T T
Connect the counter tube cable to the socket marked GM-TUBE. )

Set the distance between the target arm and the slit diaphragm of the sensor seat to
around 6 cm by moving the sensor holder (b),
Mount the target holder (f) with target stage.

Place the NaCtcrystal flat on the target substrate, and raise the target stage wit with
crystal all the way to the stop. ~ —

11-Tighten the knurled screw.

| {

@- Adjust the mechanical zero position of the Goniometer.



& Procedure:

3 % to make sure that the apparatus is

the emission current I = 1.00 mA and the

connected correctly.
— Set the tube high voltage
angular step widih

— Press the COUPLED key fo@éouphng of target and sensor. /

a) Flrst order of dlffractlo
Set the Tower limit of the target angle @and the upper limit fo 8. 0°
— Set the measuring time per angular step TgA

— Start measurement and data transfer to the by pressmg the SCAN key.
— Save the measurement.

mf diffraction: /—\

Set the Tower limit of the target angle/to 32. 5 limit t@)

— Set the measuring time per angular step To"At = 400/s.
(Note: In order to obtain a satisfactory sfatistical accuracy, the measurement
duration will be long. The total measuring time(is 9 h.) L (.

— Start measurement and data transfer to the PC by pressing the SCAN key.




= Data Analysis:

First order diffraction

;
& )

Figure 9: Diffraction spectrum of x-rays in Bragg reflection in the first

order at an NaCl monocrystal Parameteys: U= 35 kV;

e From Figure 9,
@:Cj_“)
S

thus, AL=71.7 - 63.8 = 7.9 (pm)

the theoretical value is AL @ @ /
e The percentage difference = BT x100 =1.13 %




Second order diffraction:
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Figure 10: Diffraction spectrum of x-rays in Bragg reflection in th@

order at an NaCl monocrystal Parameters{ U= 35 kV,

I=1mA, Ar3400s.

¢ As we can see from Figure 10, there argno peaks appear in the curve of the fifth

order diffraction. — N
. . . : _——
o [ will mention the @or in th@




II- Duae-Hunt relation and determination of\Planck’s}

~

» Theory;

Figure 11: Emission spectrum of an x-ray tube with the limit
wavelength Imin of the bremsstrahlung continuum
and the characteristic Ka and Kb lines.

(Duane and Hunt’s law)




Where:

Figure 12: Experiment setup in Bragg configuration.

QConnect the RS-232 output to the serial interface on the PC (COM1) using the 9-
pin V.24 cable (included with the x-ray apparatus).
2- Install the collimator in the collimator mount (a).

3 e goniometer to guide rods (d).
/ 4- Make the distance from the slit diaphragm of the collimator to thW
S cm. [

5- Connect ribbon cable (c).

6- Remove the protective cap of the end-window counter, place the end-window
counter in sensor seat (e).

7- Connect the counter tube cable to the socket marked GM-TUBE.

8- Set the distance between the target arm and the slit diaphragm of the sensor seat to
by moving the sensor holder (b),

9- Mount the target holder (f) with target stage.
lO— flat on the target substrate, and raise the target stage with
crystal all the way fo the stop.

11-Tighten the knurled screw.
12- Adjust the mechanical zero position of the Goniometer.

PO I g




@L/

Start the software “X-ray Apparatus”, check to make sure that the apparatus is

gﬂg}zﬁw.
et the tube high voltage U = 22 kV, the emission current I = 1,00 mA, the

measuring time per angular steff At = 30 sand the angular step width AR =0.1%
Press the COUPLED key to geti U coupling of target and sensor and set the
lower limit of the target anglelto 5 ﬁand the upper limit t 6.2

Check if the machine neeW 77
Start measurement and data tran € PC by pressing the SCAN key.

- m procedure as in the following fllllf_;\l
P

U ) | A | Bun | Bme | 4B
: mK 1 s grd grd grd
(22} | (109 | 30 5.2 6.2 0.1
24 |\ | 1.00 30 5.0 6.2 0.1
26 1.00 20 45 6.2 0.1
28 1.00 20 3.8 6.0 0.1
30 1.00 10 3.2 6.0 0.1
32 1.00 10 2.5 6.0 0.1
34 / 1.00 10 2.5 6.0 0.1
35/ | 1.00 10 2.5 6.0 0.1

Save the measuremens.

Click the right mouse button and select the command “Best-fit Straight Line” in
the diagram.

Mark the curve ranges to which you want to fit a straight line to determine the
limit wavelength Anin using the left mouse button.

Save the evaluations.

Click on the register “Planck™to get further evaluation of the limit wavelength Amin
obtained in this experiment.

Click the right mouse button, fit a straight line through the origin to the curve Amin
= f (1/U) and read the slope A form the bottom left corner of the evaluation
window.



= Data Analysis:

T
]
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& by LD DIDACTIC BbH, 19382012 j
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Figure 13: Sections from the diffraction spectra of x-radiation
for the tube high voltages U= 22, 24,26, 28, 30, 32, and
35 kV (from right to left) with best-fit straight line for

determining the limit.
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Figure 14: Evaluation of the dataAmin = f (1/U) for confirming the

Duane-Hunt relation and determining Planck’s constant.

(sbey ]

e What I have noticed is that wut those with a time
interval of 10 seconds are much better and accurate than those with time interval
of 20 or 30 seconds.

e When the lower limit changes the x-axes of the curves changes. It is shifted to the
left when we decrease the lower limit. 7 )

¢  When the voltage icrease the curve is,then shifted .
e From Figure 14, §lope =1022 (pm * Kv)/ and i = 5.46x10-34 (J*s)

56310 34—5.46x10" 3% =
— x100 (17.6 %
~ 6.63x10

o The percentage differnce =



I1I- éragg reﬂection:»;dm of x-rays at a monocrystal

» Theory /

/
\
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Figure 15: Diagram of the reflection of x-rays at the lattice planes of a
monocrystal.

: i €.

spacing of lat@n/ea

— Constructive interference arises in the rays refle ~the-individual
lattice planes wh@path differences A are fntegral multiples of the

wavelength.
Ve CI)

— The total path lcfﬁwnce of the incident and WS with the

angle ¥ is:
A=2xdxsind.
o e |

— By combining the two previous equations we get the Bragg’s law of




I 2 ) e
/ 2 \ 14.60° ) ( 12.93°
l 3/ K 22.21“/ \ 19.61°
\\Z N ~
This tabl esents the glancing angles 9 of the characteristic x-ray radiation

of olyb‘c:gl%nﬁor diffraction at an NaCl monocrystal from the first diffraction order

up to theThird order.

P o o ey

* Setup:

e

Figure 16: Experiment setup in Bragg configuration.

1 Connect the RS-232 output to the serial interface on the PC (CO lA) using the 9-
pin V.24 cable (included with the x-ray apparatus): —_—
2- Install the collimator in the collimator mount (a).

3- Attach the gomniometer to guide rods (d).
4- Make the distance from the slit diaphragm of the collimator to the target arm to be

S5cm.”
5- Connect ribbon cable (c).

6- Remove the protective cap of the end-window counter, place the end-window
counter in sensor seat (e).

e —




7- Connect the counter tube cab = .
8- SetThe distance between the target arm and the slit diaphragm of the sensor seat to
around 6 cm by moving the sensor holder (b),

@’- Mount the target holder (f) with target stage.
10-Place the NaCl on the target substrate, and raise the target stage with

@) Tighten the knurled screw.

12- Adjust the mechanical zero position of the Goniometer.

* Procedure:

< Start the software “X-ray Apparatus”, check to make sure that the apparatus is

connected correctly. S
— Set the x-ray high voltage , emission currert 7/ = 1.00/ mA, measuring
/ time per angular step At = TO'sand the angular step width AB=0.1°,

O Press the COUPLED key to activate 29 coupling of target and Sensor.
/Sei the lower limit of the target angle@ and the upper limit @
—W
— Start measurement and data transfer to the PC by pressing the SCAN key.
—  Save the MeaSUTCMENS.

- mmion functions of the software “X-ray Apparatus” by clicking the
/ght-hand mouse button and select the command “Calculate Peak Center”.

Mark the “entire width” of the peaks. ~i2

16w

— Save your measurements and evaluations.

— Using the glancing angle 9 and the lattice plane spacing d = 282.01@ calculate
. . e ———— 5
the wavelength | using Bragg’s law of reﬂectl?ilj
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Figure 17: Diffraction spectrum of x-ray radiation for Bragg reflection to the third order

at an NaCl monocrystal.

The theoretical value is: A=7.24 -6.42 3@

‘ 0.82-0.79
The percentage difference = *——-6-8—2—x10

x4




econd order diffracti
a2

B2 @ — /

A=14.72-13.07 @
= 14.6-12.94 @

The theoretical value is:

o059
A=22.34-19.80 = /

The theoretical value is: A =22.20-19.58 :Q@}

R 2.62-2.54 )
The percentage difference = '—‘—ZTXIOO 3.05 ¢




o All of the previous experiments are based on the same concept, which is X-ray
diffraction.
In the first”experiment (Fine structure of the characteristic x-radiation of a
molybdenum anode), the difference between the characteristic line in the first

order diffraction’ is AL = 7.9 a percentage difference from
the literature value, Which is 7. 99 ( ).

e )The fifth oﬁ&‘difﬁw resulted curve does not represent any peak,
despite the fact that I tried two times. The error arises because the duration of the
run was very leag(9 hours), so that the minimum and negligible errors oceurred
during any experiment accumulated and became significant. In addition, the

range of angles was relativel)g\mw
C/) For the second experiment (Duane-Hunt relation and determmatlon of Planck s/

constant), the Duane-Hunt relafion was verified and_ tha firdim
Planck’s constant, although there was an error of .6 % The theoretical value of
Planck’s constant is h = 6.63x10*(J . s) whereas my result is h = 5.46x1034(J .
s). The error happened because the curves with a time interval of 20 and 30
seconds were not as accurate a5 those with a time interval W
addition, apparently there is a jump in some curves and this must be a misreading
form the software itself.

o In the third experiment (Bragg reflection diffraction of x-rays at a monocrystal), @
ot good and accurate result (comparing to the literature values);

n 9(ka) = 9(KB)
1 7.33 6.54
2 1472 13.07
3 2234 198

e There are additi ne of them is calibration of the X-ray
machine, which I have done manually. [Furthermore, in the long-durati
the X-ray machine’s temperature rises, and this rise in the temperature affects the

readings.
TN
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Introduction

Nuclear Magnetic Resonance (NMR) happen when a nuclei absorb and
s

then emits an electromagnetic radiation at a specificfrequency called
— e e T ——

esonance frequency, depending on the strength of magnetic field and the
magnetic properties of the isotope. NMR provide the physical basis for

NMR spectroscopy which has an enormous applications in medical

e
e, e s i

imaging, studying crystals, purity determination of chemlcal

substances ..etc. In this experiment, we are going to use the NMR to
- . . . . . . . .
easure the longitudinal spin-lattice relaxation time T, and spm-spm

i £ e o s P

relaxation time Ty~ for glycerin / Relaxation refers to the situation where a

population of spins Teturn to the thermal equilibrium distribution of the

magnet.

Theory /

Nuclear magnetic resonance fundamentally depends upon the nuclear spin
B .

(I) of an atom, which is a function of the number of protons and neutrons in

T T e,
its nucleus. Some atoms like 2Cs have no intrinsic nuclear spin, though

that does not mean that isotopes of these elements cannot have nuclear spin

In this case, *Cs. In this experiment, we concern ourselves with hydrogen,
18 experiment, we conce

i

which has a nuclear spin I = 1/2 . Any nucleus with a nuclear spinI =1/2

-

has a magnetic dipole moment p oriented in the same direction as the /

e



nuclear spin I, that can be calculated using : /

(1)
the nucleus in question (2.675 X 108
rad /(T.s mm. Due to Zeeman effect, a magnetic field of strength

where v is the gyromagnetic rati

Bo will result in a splitting of states, which in the case of hydrogen will

produce only two possible states for(m = +1/ / 01@1th an energy
splitting of :

equal energy and are therefore equally populated. When a magnetic field is
applied, the energies are changed and the states become unequally
populated, which introduces a magnetization My in the direction of the
magnetic field. If the system in equilibrium is then excited by an

electromagnetic @h an energy ZE: the spin will be excited to the

next higher energy state. This process will change the total magnetization

of the system, which will eventually return the equilibrium state throug
W
the process of relaxation.

In this experiment, we will focus on spin-lattice (T1) and spin-spin (T>)

e

relaxation times. Spm lattice relaxatlon time (so called because energy
Ty
gained from the el electromagnetlc pulse must be dissipated through the

lattice of the matrix) is defined in terms of the relaxation of the
P




z-component of magnetization M, after it has been inverted by a 180°

m -pulse”, which is characterized by the Equation :

R

where T is the time constant of the exponential decay, and it can

interpreted the time it takes for the net magnetlzatlon to decay to 1/e (=

i e

[ E—— I

36.8%) of 1ts orlgmal value. Due to the large external magnetic field, the

measurement of magnetization will be occluded only to the z-direction

which is the assumed direction of Bo. To avoid this, we subjeet the inverted

S ek

magnetization to /2 -pulse a time t after the 1nvert1ng m -pulse)shifting

the magnetization vector th Which can be measured without
Pithabidibl

being affected much by the large magnetic field. Performing this operation,

- ) . . T
known as an inversion-recovery sequence, for various times t can allow for
the time constant T to be determined using Equation M

On the other hand, spin-spin relaxation is the process by which spins

rotated into the xy-plane by a n /2-pulse decay back to(tﬁ }Té@The

process 1s known as spin- spln relaxatlon because the nuclei relax to their

i

O— e i, i

equilibrium magnetization in the z—dlreetlon through interactions with each

other.
I ——




The random of atomic nuclei, in addition the intrinsic spin of each nucleus,

generates localized oscillating magnetic fields that can@y
@ate spin Elaxatlon in nearby nuclei by resonatmg with the Larmor

precession frequency. This phenomenon is Ghafaefeﬂzed byw

4
MXy(t) = M, exp[""}; (4)

where @the time constant of the exponential decay, equal to the time it

takes for the magnetization in the xy-plane to decay to 1/e (= 36.8%) of

its equilibrium value. Inhomogeneities of the external magnetic field cause

the sample spins to decohere in the xy-plane before total relaxation to the

R

Z-axis, which will make a dlrect measurement of the decay of the

.

magnetization is nontr1v1al or infeasible. Overcoming this obstacle can be

done via The Hahn spln -echo sequence through inverting = - pulse some

time T after the spins are rotated into the xy-plane. /

The m -pulse inverts the spins, but does not alter their momenta, so the

decoherence process reverses itself and after another time perlod Ta

coherent signal - the echo - can be measured. By varying the time T and
PR

measuring the signals at coherence (2 T ), a fit for Equation 4 can be

=

achieved and T, can be calculated.
R




Experimental

Instruments:

' 4: The PS2-A Spectrometer; Magnet, Mainframe and PS2 Controller

As in the figure, the setup consists of the @{ @r which 1s

used to control the magnetic field radlent and mainframe which contains

th@’;, r and lock-in/field sweep. In /

addition, an oscilloscope is used to to measure the voltage.

/2) Procedure.

The procedure consists of several steps:

2-1) Setting the Frequency for the Procession of a Proton.

We need to setup the parameters to the default options

Table 1: Default PSA-2 settings

SYNTHESIZER PULSE PROGRAMMER

F (Frequency): A (A (first) pulse length): 0.02 ps Al//

P (Refer Phase): (1802 B (B (second) pulse length): 0.02 us

A (CW Pwr): - 1ddBar" ¢ (time between pulses): 0.0001 s /

S (Sweep):@fﬁ@\/ N (number of B pulses): 0 /
” P (repeat pulse sequence period) 0.2 ms




\/“
}3@5@

The instrument must be tuned and shimed to the Larmor precession

frequency of the proton in the ambient magnetic field using the RF probe

1- Place the RF pickup in the magnet sample holder. Attach the BNC
connector to Channel 1 of the oscilloscope.

2- Set the A pulse to 2.5 ps. \/

3- Set the Period to 1.00ms \/

4- Make sure the following toggle switch ;:O)s'n'@ns are correct on the Pulse

Programmer: Sync: A A Pulse: On B Pulse: Off . /
5- Adjust the Oscilloscope settings: a. Push the “TRIG MENU”  button.

On the right part of the screen you’ 1l see options. Set these to the following;

Type- edge; Source-ext; Slope - Rising?Mode - ‘{ormal; Coupling -
DC. With the Trigger level dial, adjust it to 0.1 V (see display) b. Push the
“MEASURE” button. Makes sure it is set to Channel 1 and the

)

measurement method (second option from top on the display) is set to

Pk-Pk. This will gi\;e you the size in volts of your signa/l.’(_:./O/n_th%/A
Horizontal menu use the SEC/DIV and adjust to 1.00 ps/DIV. You can v~

adjust the positioning of the signal on the screen by using the Horizontal

——————

and Vertical knobs. A DIV is smlply the divisions (grid) on the display. d.
Set Channel 1 to 5.00 V/DIV. | v




\/

If the RF Sample Probg 1s properly tuned, gne should ¢bserve an RF burst
of about 60 volts peak-to-peak lasting aboﬁ uséco%d}depending on the

instrumentation, in our case the maximum peak-to-peak voltage obtained

was 43.5 V.

]\

. Ch Freq
1 M2

2-4) Preparing T) measurements

The RF burst that tips the magnetization from its thermal equilibrium

orientation along the z-axis (the direction of the DC magnetic field) to
create some transient component along ﬂ@which happen in a

scale of @ But this x-y magnetization precesses in the x-y

plane for times of the order of milliseconds. Thus, the sweep times on the

=

oscilloscope need to be adjusted accordingly. /




Next, we switch to channel 2 and use the obtained signal to fine-tune

Larmour frequency, this is done by ddjusting frequency continuously until
we have stable non-oscillating signal, what we got-t this stage is showed

in the ﬁgures below

During the experiment we noticed several things: First, Frequency must be

adjusted to get a stable optimum signal. Second, magnetic field gradient

Xi[i Z an@ must be adjusted and balanced for the same purpose as in the

first part. Third, the effect of magnetic field gradient changing was not the

~———

same for all dlreetlons whlle X and Z? change the signal significantly, the

— N

effect of ehangmg Y and Z was negligeable. Finally, getting a stable and

clean srgnal involves ehangmg all these different parameters

—— o et



/f\\\_%\ -

-

simultaneously,@hieh was the hardest part./m L
~.

2-N)Determining the 90 and 150 degree pulse length 1( @/ of Vcefzg )
© nd a

Now we must determine the length of time needed for a 90° p

180° pulse so that you can find the samples’ relaxation times with the
correct sequence. The experimental criterion for obtaining a 180° pulse,
that 1s an RF burst that rotates the thermal equilibrium magnetization from
the + z to — z axis, 1s/pﬁlse approximately twice as long as a 90° pulse,

yet one that leaves @ signal after it, and the pulse@s
the biggest S1gna,1 1s the 90)

For the glycerin we got the max s1gWgth§@V which
correspond to the@ Mrhm and A_length #9.5 V| which correspond

to the 1@ \//

2-6)Determining T, for glycerin

Now that you have found the 90 and 180 pulse lengths for the sample, T

can be determined by using the pulse sequence discussed in the intro of 180
Itro ot 109

pglse -->tau --> 90 pulse and measuring the signal intensity change with

respect to changes in tau (t), then by varying tau within the range and using

Equatlon 3 and best-fit line (Regress10n line) we can obtain the value of T1,

which will be discussed later in the data analysis section. Below is the
ML IAE ddld ddlysis Scellon. BOOW 15 1K

signal form for the first measurement of the magnetlzatlon




T e prepk
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The spin-spin relaxation time (T2) describes the decay rate of the
magnetization within the x-y plane back to equilibrium after a 90 degree
pulse. T2 can be determined by utilizing a spin echo experiment which

involves the following pulse sequence, )0° pulse --> tau --> 180° pulSe,-->

tau -->echo signa). Finding T> from tau measurement will be discussed in

N
the data analysis section. Below is the signal shape for the@t)

easurement of the magnetization.™>




- 1700 20
e

In this specific experiment to measure T> we had a difficulty in taking
ete Ty L eRe

_—

enough data points, due to the fact that the éignal become increasingly

unstable and highly oscillatory while increasing the value of tau. Therefore,

= -
we took close values(for t-aB.



Data Analysis

AY T Measurement

To dete e T1, we are going to use the least-squares method, also known
as linear regression. Taking the natural Logarithm of equation 3 and

re-arranging will give:

e

Tau will give @

E— TN .
The obtained data set for the magnetizz}ﬁo/n givw are listed below.

st My )
\ g %ﬁ P
—
/.\l\(( _eq) |
0 -12.6 . -0.003944778]

e

0.08 8.7 12.7 / -1.848454813)

! 12.7
| 0005  -9.95 127 | -0.114589322} X\i
1 oot 78 127 § -0.214324288, \
| | 0015 5.8 127 | -0.316978442! |
1 oo 338 127 | -0.431388793; ;
\ 1 005 195 127 | -0.550308839! /
1 op4 255 | 127 -0.917275469
\ | 005 3.73 127 | -1.040863498]
\ 0.0 4.7 12.7 /; -1.155307632} ,
\ 0.06 6.44 127 -1.400568989!
.




Plotting the last vs. First columns to obtain the least-squares approximation

gives:

In({M_eqg-M)/2*M_eq)

05
Yy = -22.906x + 0.006
0 : . R*=0.9991
G 0.05 01 0.15
-0.5

e In{{M_2g-M}/2¥M_eqg)

Linear (In{{M_eq-
M}/ 2" V_eq))

2

N

-2.5

Using the aforementiog\ed equation, the slope is -1/T1, which will produce
\\

the value (T) = 0.04366 s for the glycerin.
42, 6L MS

i

B) T>» measurement

In the same manner used to determine T> we will find T» .

Linearizing equation 4: N

M w |
In M) __*
M A

eq 2
f?\\ -
Thus, plotting the left-hand side-vs—Tau will gi@)st as we did with T.



‘n{M;’M;eq} 4
-0.0566953 \

The obtained data set is below.

-0.0320027

25 12 -0.0566953

30 10.9 0.1528392 \

35 8.5 -0.4015358 \

40 6.5 -0.6697998 \

45 5 -0.9321641 \

50 3.8 -1.2066009 }

55 2.8 -1,5119826 |

60 2 -1.8484548

65 1.5 -2.1361369 /
-2.541602 /

y =-0.0526x + 1.2406
1 R*=0.975

100

s I (M /80 eq)
Linear {n{M/M _eql}

<N NN

Therefore, using the linearized eq(4) we ge@mg | { {




Discussion

A few points we are going to mention / discuss about the experiment and
1- We noticed a large deviation in the relation between T and T, for the

glycerin , which can be interpreted by the effect of the impurity which can

not be ignored for the glyceriﬁ@light or heave oil we we have an

@fﬁmﬂo — Co (yom did V7S )

2- Why T 1s larger than T> ? ( In general ) & 4 mﬁbﬂ/
~___

During relaxation, electromagnetic energy is retransmitted: this RF

emission is called the NMR signal. Relaxation combines 2 different

mechanisms: Either longitudinal relaxation which corresponds to

longitudinal magnetization recovéfy, or transverse relaxation which
;,ﬁ,wwwl

corresponds to transverse magnetization decay. Longitudinal relaxation is

due to energy exchange between the spins and Vsurrr(%)fhdiﬁglatti'cék -

(spin-lattice relaxation), re-e asing thermal equilibrium. As spins g

from a high energy state back to a low energy state, RF energy is released

back into the surrounding lattice.

€ recovery of longltudmal magnetlzatlon follows an exp@

The recovery rate is characterized by the tissue- specific time constant T;.

[ e RIS Y

After time @ongltudmal magnetization has returned to 63 % of its final
g = b

value. With a (.5 T field s@,@s are about 200 to 3000 ms(T;

values are longer at higher field strengths@e relaxatio@s




from spins getting out of phﬁéé@s move together, their magnetic
1elds interact (spin-spin interaction), slightly modifying their precession

rate. These interactions are temporary and random. Thus, spin-spin

relaxation causes a cumulative loss in phase resulting in transverse

magnetization decay——

Transverse magnetization decay is described by an exponential curve,

characterized by the time constant T». @r W
m has lost 63 % of its original value,

T> is tissue-specific and is always shorter than T1. Transverse relaxation is

faster than longitudinal relaxation. T, Values are unrelated to field strength.

3- Why does the Larmor precessional frequency change with magnetic

field? We will answer this question be referring to the basic physics of the

problem.

When a magnetic moment m is placed in a magnetic field B, it experiences

a torque which can be expressed in the form of a vector product:

For a static magnetic moment or a classical current loop, this torque tends

s o e e

to line up the magnetic moment with the magnetic field B, so this

represents its lowest energy configuration. But if the magnetic moment

arises from the motion of an electron in orbit around a nucleus, the

magnetic moment is proportional to the angular momentum of the electron.




The torque exerted then produces a change in angular momentunl which is

perpendicular to that angular momentum, causing the magnetic moment to

precess around the direction of the magnetic field rather than settle down in

the direction of the magnetic field. This is calledT:armor precession.

+B
M

LI=#it+1)

I == orbital quantum
nmumber

.................

..................

When a torque is exerted perpendicular to the angular momentum L, it

—

produces a change in angular momentum DL which is perpendicular to L,

ey

causing it to precess about the z axis. Labeling the precession angle as f, we

can describe the effect of the torque as follows:
AL ILsinOA¢
Ar AL

_c LBsin

:I y-Bsm 6’| = .

Thus, the precession angular velocity (Larmor frequency) is:

"
_4ag B

Larmor — df -

,211%»-)/

Which expresses the explicit dependence on B




o
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AN . ackgroun

« Abstract ,

This report is discussing the Zeeman effect and Hyperfine structure of rubidium atom by
performing tests using optical pumping. A Rubidium high- -frequency lamp is used as the
pumping light source to excite Rubidium atoms in a sample cell. "The light is filtered and

ket vt
polarizers are used to produce circular polarization, which will pop opulate the ground state Rb
Zeeman hyperfine levels away from thermal ethbrlum ,,; S/Z

- '{\

7 - , =7 ' f;\g;é{/z&
{ ;Si*%‘%%ﬁé{ ‘*{"% f”* ’fj‘/t g A
\% L i /
Mvﬁ“’“m A o,
( D Introduc on
\\WM/

o

The main objective of this experiment is to measure the Zeeman sphttmg of the

hyperfine structure components of the ~ground state 0f~rub1d1um in a known weak
magnetic field: '

o

1&///'

R

T
a) Mory of Hydrogemc Atoms
W

- In Optical Pumping experiment the light (basically resonant radlatlon) 1s used to
change the populatlon of a set of energmmmm an equilibrium
distribution over magnefic sub-states into a nok;,,ethbrlumff's'tﬁ"ﬁﬁtlon in which
a large majority of spins are aligned in a _given direction. Wound states ™
and @ted states experlence sprfﬁtg in tﬁéfenergy levels. They WMt

into a number of sub-states which are designated as hyperfine states. This occur

because of the existence of a nuclear spin of the atom. The 1e splitting in the energy
level arises from the interaction with the external magnetic ; ﬁeld The orbital angular
momentum of the electron (L) produces a dipole moment, This dipole moment interacts
with the spin (S) of the electron. These vectors add to give a total angular momentum
of the electron, . - o

Ci=tes” /o L




@orx’has an associated quantum number; S,L and J. J can take on different
e W i

values even for the sa

and L because L ahd S can point in different

directions@e J values split the-gross structure-intocorresponding energy levels.™
DL ~
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Atomic Fine Hyperiine Zeeman Splitting of H.F.S.
State Structure Structure by a Weak Magnetic Field
R
Fig 1: Energy level splitting @' the rubidium atom (Rb). /
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e

b) Zeeman Effeet’ o

-
e
L’/

i [ —

- The Zeeman Effect: i@pﬁnmg of electronic energy levels in a magnetic (B)
field. Note that the spacings of The Zeeman levels are equal. This is niot the case
for high magnetic field. A vapour of free-rubidium atoms (Rb) when placed in a
weak magnetic field will create the Zeeman splitting of the hyperfine structure.
The splitting is given by: T

@F;IQBZ\'IF /
) M::S%
L FF+)+I0+) =10+ )
F =8y SF(E e

Where:

and:
JUI+1)+S(S+1)~ Lik+1)

. =1+ 317
%:i\ 200+1) )

M\m M,.,;,/f‘“//

MM

The outgoing flux of photons can be related to the ingoing flux as follows:

M\‘\
//7:: Ioe_aopl J

(

~_ 7
Where:

0y is the maximum absorption cross section measured at the centre of atomic
resonance.

s is the density of Rb gas

I is the path length (distance travelled through gas).

The cross section represents the area over which the particles interact with the
atom. In the case of Tight, the cross section may be Significantly different to the
geometrical cross section because of the process-of resonance———_




e

e T

o 3

d) Optical Pumping—

—_—
Normally light ismandom orientétionéilghtian be linearly polarlsedf
(7- polarlsed) , and it can also be circularly polarised (c-pol d). This means that

the electri ﬁeld rotates about”the optical axis: The interesting thing about

circularly polarised llg}i}sﬁ} it has angular momentum.
The selection rules are? — P
N s I

/M
?ﬂl produce transition in the Zeeman sub-levels, whic which'will redlstrlbute the

electrons from the state/they are 1@;1 they optically pumped

——




¢ Apparatus TN

setup is as follows:

The experiment

~ detector

-y

ig 3: Control unit:




( 8 The absorption chambe %
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( Fig 4: Schematic drawing of tlje Experix%lental Setup.%

P .

%
!
;
/
1- A high-frequency rubldlum lqmp ;f

2- A lens to focus the lamp 11ght /
3- An interference filter.

4- A linear-polarization filter.
5- A M4 plate.

6- A lens with a short focal ]

%
7 Helmbholtz coils.

R

~9- The absorption cell. / 5
IW

11- A lens with a short focal lgﬁ;éth
12- A silicon photodetectgp”f




\‘/
WW«,,MN“:‘\E
o._Description of Equipment

- The high-frequency rubidium lamp plays the role of the light source.

- The interference filter, the linear-polarization filter, and the A/4 plate are used to

‘/\f}y . 0 . . 3
V//separate the ¢ circularly-polarized component of the D; line from the emission

spectrum of the rubidium lamp.

- CTQe short-focal lefngth lens focuses the generated light after the filtration.
- The absorption chamber and the absorption cell, which contains the rubidium
sample, are positioned between the Helmholtz coils. This is done in order to

_generate a magnetic field that is needed for the Zeeman separation to take place.

iy

-~ - \The transmitted light is focused again by a short-focal Tength lens. >
% N Tl

- The transmitted light will be detected by the silicon photodetector.
<" The photodetector shatt-be conniected to the Oscilloscope.”
- The HF coils must be oriented perpendicularly with respect to the Helmholtz coil

field.

K,/ - S

WW R “
WIC preparation

e TTTTTT— _—
The alkali-metal atoms are often used for optical pumping because they have a single

valence electron which is very similar to-a-hydrogen atom. In this exﬂﬁwﬁ
T ;

o

The-electron configuration of the rubidium atom is as foliBWs: |
(Y0 v Vel 5 5% WA, W - M”‘
O Ty 7 6 T
ﬂiﬁ,§m in closed sub-shells which means that they :

As we can see, thé_fis

will not have a real effect in our situatio{(b/ecause their total angular momentum is-

. .

ZEr0). ]@3 remaining 5 electrons are free (Valencg electrons) just like in Hydrogen

atom. " L( /




1- Qm on the power supply for the laser.
2- Make sure that the height of all the components is centred at the height of the centre of the

cell. L/
e
{ Wait until the cell heats up to 50 degrees. This takes almost 25 minutes.™,

4- The heating process can be faster if the apparatus is covermﬁloth (it will

prevent the effect of room temperature on the apparatus).

G; Make sure that the laser beam passes through the cell using an IR card. /

6- Use IR card again to verify that the laser beam hits the photodiode. )

iiZ _ Connect the pﬁotodlode to the Osc1llascape/ /

(3 8 Set the gain of the detector to be 10 MQ - /
Q&J Set the detector amplifier gain to be 1. L

{10- Adjust the gains on the o that we can pick up a very small variation in intensity.
; 11- Observe the absorption dip when the laser wavelength is in resonance with the atomic
i / transition._ \:W
’ 1 Record the porTing
12- Record th{ values of voltage corresporiding to the cell temperature Wthh will be
1 i -
\\ increases gradually from room. temperature/(ff] °C)upto (127 OC) M/z
e
I ’ ———

V4




{j}’/Re/s/ufl;; and Discu,i(’;n

R

Ve

Temperature | Temperature Output
(Celsius) (Kelvin) Voltage-(V)
27 300 2.0687
/37 | 310 1.9098
47\ 320 1.6056)
57 | 33Q 1.1907
67 | 340, 0.7795
77 350 0.5099
87 360 0.3697
97 370 0.3046
107 | 380 0.2747/
117 | 390 0.2547
127 | 400/ 0.2487

o,

e
A

Table 1: DM of Rb atoxil\sfas a function of temperature.

.

" Density

ﬁmpef?ture
/ (Kelvin) (atoms/m”3)
300 1.1F%16
310 2.9E+16
320 | 7.5E+16
330 1.8E+17)
340 4.3E+17 ||
350 8.3E+17%
\ 360 | 15E+18] |
\ 370 3.76+18 |
\ 380 6.3E+18| |
\ 390 1.26+19)
\400 2.4E+19

Table 2: Density as a function of Temperature.




From Table (1) and Table (2) we can plot V vs the atom density.

Output Voltage (V)
3
fj//;
25 =
2 B
4 — .
1.5 7
y = 482968x03 )
1 R*=09563
/
0.5
Q\ﬁ'*“q—-—»-».‘_
0 - ‘,
0 25{3/% R 4E+19
O SI E— -
F *{‘;f Y Mi\»«f Fig 5: Detector Voltage vs Density.
A ‘ e
o CDA ¢
{iV 1,\’\\&? P A ;f} \ ¢ A3
~ GV \Miﬁ \M‘“““KN =
From the curve, & gj‘;“ 1 i
\5 ) Ty - \\

thus, L/ yd

-10 -
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< Cenclusion ) S
‘ \M’// w)

5
E‘s,
-,

What we did in this experlment is understandlng the Zeeman Effect and Hyperfine

structure of rubidium atom by performlng tests using 0pt1cal pumplng

Furthermore, | calculated the value of thmn cross-section.

The value of the absorptlon ch =

o = 1.5x1071% (m?)

T ‘““‘*‘\% - »;;@}
_ 1.6x107%6 — 1.5x1071 /
Percentage dif ference’=_ — T x100

Percentage dif ference % 6.25 %/}
\,%M

e, \x B

This experiment was not complete because a critical part of theexWeld

Resonance) could not be found experlmentally Most probabl

s, e

t{tsed”fﬁ tf lalre”xf)e@lces lots of enogand 1 thmk that it needs mamtenance ,?

i

7
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0 measure the absorption spectrum of Rubidium.

heor /
a. Atomic Structure of Rubidium L
abundance an

e
There are two naturally occurring isotopes->""Ru_with 72%

nuclear spin quantum numbef 1 = 5/2, and 87R?Vv§h 28% abundance and niuclear
spin quantu nw The Rubidium ground-state consists of closed
shells in addition to one 5§ electrons, which results in a spectrum similar to

. M
Hydrogen. For the first excited state, the 5s electron moves up to Sp.
—

é&j’{j&rem energy levels are represented by /
28+1 1.~

L

where : /

S : The spin quantum number.
L : The spectWtation of the total orbital angular momentum.

J = L+S : The total angular momentum. / /

/”"A

For the ground state of Rubidium (S = %, L = 0), J = % . Therefore it can be
represented as 251/2_ For thfn‘r_exni];e_ditate (S="%,L=1),I=320r1/2. Thus, L—"
2
P

there are two excited state /2 and ’p 32 Spin-orbit coupling splits these two

(otherwise degenerate) states.

The dominant term in the nuclear spin-electron interaction gives rise to hyperfine
splitting. The resulting energy splifting is :

m”%-amwmlﬂ PR

Where :
F=1+1:The total angular momentum quantum number.

C : The hyperfine structure constant.
I
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b. Diode Lase L//

1- Structure and Mechanism

The main part of a laser diode @. Figure 1 shows the
detailed structure of the LD chip. Current r ically downward through the
cell exciting the atoms and producing(electron-hole pai \whiich are injected into
the active layer of the n-p junction to emit light. By total internal refraction (Since
the index of refraction of the active layer is larger than that of its surroundings.
See Fi ight i d to a channel of/d'rrﬁensions (height, width, length)
2 microns, ~ 10 microns, ~ 400 microns). In order to make most of the light
come out Trom the front facet, the front and back facets are designed to have
different reflectivities. Because of the mechanism used to emit the light, its
wavelength is approximately equal to that of the material’s band gap.
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A single longitudinal mode can béyroduced by careful con

ction i.e. the waves
emitted by the laser can be made to have a fixed numbeyof nodgs along the cavity
direction and no nodes in other directions. The linewidth 6T a “hare” LD is about
WThe output beam is a strongly-diverging/elliptical wave) That’s
becausé the channel that confines the light is rectangular and of dimensions not
much larger than the light’s wavelength.

Population inversio at low injection currents since the gain is less
than the optical loss. A"LED-like light is produced. Above a threshold current,
Cohesive Taser starts to be produced. LD is very efficient_com to_other

@)ds in terms of output power/input electrical power,(with a ratlo as high as
50% ST

The linewidth of a bare diode laser (Av ~ 50MHz) is large compared to those of
atomic transitions ( I’ ~(AS MHz)) They are also very sensitive to feedback that its
frequency stability can be affected by as little as 10°® of the output. To solve both

A —————— ettt e,




problems, a_diffraction grating with a controllable feedback is introdu@d It is

placed in front of the bare diode such that most of the light is directly reflected by

the grating at m = 0"while ~T5% of it is reflected back to the laser (m = 1). The
M .

grating forms an external cavity that results in a much narrower linewidth ( < 1

MHz) and much more stable frequency. -

2-/Gain and Tuning /

With the grating introduced to the system, the laser frequency depends on several /
s o

factors. Understanding how t “combine” to determine thEWy
of the laser is helpful fectively tuning/ the laser. The laser emits with the
greatest gain at the\mode frequency} This li 'Mé“@lectron-hole pairs available
for lasing in other modes resulting if a single-modé (NOT always). We need to
determine the highest net gain in order to determine the laser operating frequency.
Figure. 3 shows how each element gain contributes to the net gain.

.1 The Medium Gain

The medium gain depends on the nature of the semiconductor material,
particularly its band gap. The medium gain exhibits a broad peak the position of
which is mainly tempera@e@%ﬁ'm a laser resonant with
/ Rubidium atomic transitions, we should set the temperature so that it operates at

780nm

A wavelength vs temperat )f a typical LD is shown in the figure below. It
has an overall slope 0f 0.23 nm/°C. Knowing the slope and the temperature set
point corresponding to 780 nm, we can determine the temperature needed to give

any particular-wavelength. The medium gain having a broam it

insignificant for the determination of the precise wavelength of the Taser.
i
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2.2 The Internal Cavj / \/

As any optical cavity, the diode junction has a normal mode structure, which
results in its gain being a periodic function of frequéncy as shown in the figure
below.
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The period, called the free spectral range is given bf Avesg = c/2wahere icis
the speed of light,@ index of refraction, and L is the cavity length. In our
/4____—______—-—-—-—-——!
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experiment, Avgsg 60 = GHz. The internal cavity gain will change in frequency
with changes in temperature with a slope of roughly 0.05 nm °C* asshown in the
small steps in figure (). It's also affected by current in two different ways :

S

1-\Simple heating of thi@ This effect prec}cﬁnates for time scales > 1 ps
and tunes at ~ 2 GHz/mA as shown in the figure below.

2- Changing the carrier concentration in the active period. This effect changes the
optical path length of the diode, with a tuning rate of ~200 MHz/mA up to a
maximum frequency, which is typically up to several GHz.
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2.3 The Grating Feedback

Because grating disperses light, only a small range of wavelengths is fed back to
the laser at a fixe Me In this apparatus, the ﬁrst order of diffraction 1s
reflected | mto thwlj:lﬁﬁ‘,l Assuming that diffraction is the onl only / factor in determmmg
the resolvmg power, the spectral-width of the first order diffraction\(Av) i

approximated by : = Ny*where v is the frequency and N is the number of
grating lines subtended by the laser beam. —

2.4 The External Cavity

This is similar to the internal cavity, but, because the external cavity is relatively
long, its free spectral range is given by : Avgeg = ¢/2L = 10 GHz fo L = 15 mm.
This curve can be shifted by altering the grating position, which can be achieved
by either adjusting the L/R knob or by adjusting the piezo-electric transducer.

IS |




To get optimal results, we must have the different modes peak at the desired peak
Ao (See the figure below). This is achieved by adjusting the laser current and the

SERIRA A
rating angle.
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- Output power : 70 mW

- Wavelength : 785 nm

- Linewidth : < 1MHz

- QGrating : 1800 lines/mm

~,

o Y
Q/d/y

Inexpensive. (e

- Easy to operate.
Narrow bandwidth (Av =1 MHz, AL = 1.5 x 10 ®nm).

P
c. Other Apparatus

hotodiode Detector
otenic Detectors Model PDB-C108

Photodicdes
Active Area 0.25" Diameter Circle
Responsivity about 0.6 A/W (1.7 W/A) &t 800nm

"Gain"* 1OMLwe 333 0
The PD converts cmge. They have gain choices of 10 MQ to 333 Q in

10 steps.
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Absorption Cell Assembly : /

The absorption cell assembiy consists of ap outer glass cylinder, several melamine foam
pport pieces, the heater assembly, a type T thermocouple sensor, & cold-

e hcatms*an*amnuﬁum cylinder about Which is wound a bifilar
heater wire, TH m Wires from the heater
and mermoccupmﬁi ; the electrical bo;

SPECIFICATIONS =
Maximum temperature =50

= 140 °C with 14" hole foam inserts

Temperature differential across Cell
T= 50°C (min. on bottom max. oo top) 10°C
2.0 °C with " hole foam inserts

Heater resistance = 5002

Temperature Controller 1 Hz PWM* PID

Controller Resolution 0.1°C

Regulation (no air currents) 0.2°C

Rubidium Cell 25 mm Diameter and 25 mm Length

natural isotopic Rb. (no buffer gas}

<F gnetlc Fleld Coils ) e
T Fiment were de51gned to give B = 10 a{ﬂ/Aa/nd with

specifications : _—
Average Coil Radius 87 4 mm y
Number of turns ' L

@ V ’ hY ~
Room temperature resistance@

L/’//J
0/50 Beam Spllt’til)
/50 beamsplitter was coated such that it has a reflectiorf of SO‘V’ It must be

noted however, that this is only ideal for unpolarized light, as reflection is
olarlzatlon—dependent e

-

V and Camera R
TV and Cameré are used to detect 'flashes" which indicate the absorption
pat——

process, as seen below.
M




AII. Procedure

1-
optimal temperature for this experiments-which is 50~

ng Temperature : We first checked that the temperature of the cell is the

— e

. \\ WA sehot Q.,X
2 Set-up\a::‘g:“l%gl%t : We the exper.i/ ent components as shown below and
checked the atignmment of the laser using IR card. (More details in appendix).

cch
Camera

Ay CLH

ND Filler Holder i 4
with Viewing Scraen [P
(Beam Block) 213; DA

- Corjlicti_lidiff)rent parts : We connected the different apparatus as shown below

C

S—
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4-¢ Initi ting absorption process : We conneefed the LASER CURRENT MONITOR

threshold current listed on the data sheet./To check that the aWrocess actually

DETECTO POWER output 0 the Taser controller and the PD output to channel 2 in the

oscilloscope. We sat the gain of channeig,to_iMLdiv. We placed an attenuator between
the laser and the Rb cell. Adjusting the PD gain, we tried to get a signal similar to the
figure below in the 'scope. - v
TeK. L. BT MPos ab0bms  SKVE/REC
Action
PE———— e
PRNT

Bumm

Folder
About
CHT SHEV RS 100V M 16ms TR T 51

26-0ct-04 2201 <10H

To further refine the signal, we played with current attenuation and piezo controller. The
goal was that, after inverting the signal, we get a signal similar to this. |




Tek L, @Tid  MPos 400ms  SAVE/REC

e

CHITHAV R 006va) Mo ™" i /' “dadmi
2-0c1-040022  <10H

simultaneously detect two_si alw W.
To do that we placed a(50/50 beam>gplitter between the laser and the Rb cett; placed

a detector to receive the split waves, as shown below.”

e

Then, we connected PD 1 to the rightmokt DETECTOR INMPUT in the laser controller
and PD 2 to the leftmost DETECTOR INPUT. We then connected the MONITOR to one

of the oscilloscope channelsﬂ.\_’.’//—-———’




Adjustig the BALANCE knobs of the two detectors, as well as the previously used
controllers (laser current, Piezo controller, ... etc), we tried to get a signal close to the one
in the figure below.

TekStop_ | — ﬁr

ol

.00ms AL EXU _ B0OmV

@ Results)

"Raw" one-detector signal of Rb absorbtion :



Two-detector (reduced noisej) signal before modifica : l/

seltoay

1 : . : )
WY T MA00mE A Chi £ 244V,
Tgoones

Two-detector signal after modification of balance dttenuation ... etc




V. Conclusion

Rubidium has two major (and two minor) absorptiofi dips corresponding to its two
isotopes : *°Rb *'Rb.

o,
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Abstract: o
Nuclear Magnetic Resonance (NMR) spe&troscopy IS an

analytical technique used in chemistry (quality control) )

and biology. Moreover, it is used in research for | - fg

determining the Egﬁtent purity of a sample, and 5
\ molecular structure. The intramolecular Ir magnetic field f
| around an atom in a molecule'&”hanges the resonance

\_frequency, so we can get to detalls of the strueture of . a

TR

%‘mole)culew In this experlment wefwnl determme:ithe spm
aetermin

iattlce time and spin-spin time for heavy mmeral water

and glycerm By
T ;i :f ; &




Introduction:
///Mwwwwm_%ﬁ )\\"{ | //f/f
( Objectives: |
\\RWM%WMM//J ~F
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‘ah e T
| the tnalntcgyectlves |n<th|s expenment is to geft used to -

thee/qam and the nuclear process and |nteract|on
that is related to, magnetlsm and eIectncnty To be exact
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scur"/\”}e for dlfferent sampj‘f’Then to dec|de thls relatlon

™

N

usnng/Tl and T2 and ot erfactors ;"‘”

"”"J’Background and Theory:dmlmnh

NMR is utilized to achieve excitation between two

e

dlfferent spln states of nucleus. The process lmltates the

énatural magnetlsm that is generated by the nucleus D

Mv//
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rotatlw |tself This stimulation gives this

NMW.N B T

eduation;

f
/

where > | lS the magnetic/ momentum andfu is the
N

W

magnetlc moment. &eﬁmagnetlc fleld is produced along
the z- dlrectlon and mo@ed using the componeTalong

calculated uslng the follownng relatlon

where/ g rs the spectroscoplc splitting factor, e is the

QIC sphittin
electron’s charge (1 6*10A- 19), and lesAn\ss of 7
proton. These relations are due to%no externa %fleld ‘

e

However, in presence of an external field B we get a

t/orque that rotates the nucleusdue to u. The

mechan|sm ofthe rotatlon is as follows the. nuclear

magnetlzatlon presses along the z- axns wnth a specnflc

o el

by:

wo—yB
because the magnetic field B, splits the spin will split
into two levels wuthfl=05 and -0.5 with energy
difference given by:




7

AU=yFRB,

S~
When a transition from the upper to a lower energy
Ievel happen the emitted photon is ruled by tl th|s A

relation: 7

[ hws=yhB, "
\ L P
t\xmm// /,,s»//

e

s

7 e

generator circuit produces the applled magnetlc field.
The frequency should bei in the range of! MHz to make a

RNy

be crrcularly poIarlzed and in the same preclsron*vv»rthw

theangular sp|n to change the. magnetlc spln ‘and-the .

frequencyxTo maxrmlze the probability that the spin wrllf

B R—— “”‘—“%-»»

be exclted/cfrom 0.5 to -0. .5) make the magnetic f|eld

MMMM

process|ng with the same frequency as the magnetlc

magnetlzatlon can be measured by r measunng the net
effect on aII the spins. In most ofthe tlmes the effect is |

In other OccaS'OnSpthere are some remains that can be
~calculated by the following ration:

e

\N+/N exp( U+/kT)/exp( U /kT) exp(yTwBo/(kT))

The equilibrium achieved by the above formula is .
d|sturbed if there is an external magnetlc fleld However

s o 2ot st s s AR TRl

,jv
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shortly after that it WIkreturn to its original posntlon

The magnetlzatlon ‘can return to its original position lf
heaiadds Sagiihhh

the fleld is oscillating but not conWappTed because

the protomsly exchanges the energy and

magnetization with the surtoundJngsw moment ) |

T ———

;-""“ci\t/%h;awntﬁtmparallel is more than the moment of the . N

w"”’y S

e

T R

parallel theygﬂcomponen‘t“ofthe magnetization is always

dlfferentf”from Zero. Lhe time that@rns to its /
equnllbrlum posntlon is called the(spin relaxation tlme

(Tl) M. and M, oscillates v!/th“fhe average at zero If an-

it

excitation happens to one of the component it wnll/

e

return to its orginal position in a time. alle fspm spm

\%__M"_,/

/tlme (T2) The direction of the generated voltage is given

\by”h/cross product of the magnetlzatlon with the

- WMM“’”‘”
SN

ff’“”“‘”;“q, ?dx
( e=-ddg/dt
AN /

In calculating the difference mﬁemagwetlfcjleld

e

magnitude and direction the mean will be the voItage If ;

*««..‘WMWW

the magnetic field starts to rotate we will have't two spm

i

i o s

time, the spin-spin time will be for the x-axis and y-axis

the other is spm Iattlce time for the z-axis. If the

which result in spm spm dephasmg tlme Thez-

_,/w/
[T

component of the 1 magnetic field is rotating in the
Larmor frequency to achieve optimal uniformity. The
relation between the three relaxation time is given as
loue. el




T i N

| 1/Ts=1/T1+1/To+yAB,

‘a

T,

«5%%““‘~“‘«NOVW‘K~“‘~QMﬁ»,“w“‘w‘~wsanxaauga_vﬂhu/»w'»"”}“;'/;Al‘g’};)/;//t/ﬂ}g
1/T3 is the best width for the resonance frequency\_jl

e

/é/hd ;I'2 is the best way to describe the characteristics of
th;magnetlc field behavior of the sample used. There
~are many ways to find them as we will see in this report., / g
There are three components for the main magnetic
field, we will find the difference of the relaxation with

respect to time from the resonance’frequency of
precession. o

RN

i %aﬁ,‘kT
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Experlmental Detalls

e e

rAAbﬂbk‘v»QkMM~‘~‘-«4~’%»“O );&”‘u“x“x»yﬂy/»~ww»

In this experiment we will utilize a§ample u/der b

external magnetlc fleld elther a constant one or
_w,,,ﬂ»)v»~w*“”’“//

rotatlonally varymg one to studfdrﬁ“rent aspects of the>

N used To have control over the freq uency of the -~

control The two essentlal pulses

180 degree pulses The 90 degree pulse resoonSIble for



thet rotatlon of the magnetlzatlon from thez- aXIS to the
~X-axis whereas the 180-degree pulse rotates the I\

e

gnagnetlzatlon to thefﬁﬁﬁ/m*r ite side of the same aXIS A

I ————

precision occurs s here is the transformation ofthe
coordinates system in order to be in the same reference
frames with the rotating magnetic field B, which will

e

eventually disappear. The, n—eW’coordlnates system is™
given by: -~ J

o —

fx -xcos(wot) ysm(wot)
y'=x sin{,tj+ycos{wct)

j! —

)
(Bl Wl” appear as a constant because it is applied to
malntaln the same coordlnate system. In a bulk of

be in the z-axis then |t WI” process around the z- axis a

voft"ge w“]FBe induced that is detected by'the coil and

called free |nduct|on decay (FID) This | is one form of the

e eSS S AT

;,;*90 degree pulse Thet magnetlzatlon M, of the sample
depends only on the following:

Mo Np.ZB/(kT)

s

WWWMM

Where Mis the magnetlc moment Bis the magnetic

s S

field, k is Boltzmann constant and T is the temperature.
The next relatlon descnbes the bUIIdS of the




t)=Mo(1-exp(1/T4))
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There are several components that the @ée

e ’ T T
Wupon in this apparatus:— L/
tr/2=1t/(2yB,) /

onents are theé-RF gen %r
ograminer, fock in'the

the ImLﬂant com

o

coHs rece:
thesmer ‘
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@ ar r]‘d syn
Q




PULSE I rT N
PROCRANMER SINTHESIZED
OSCULATOR ‘
CW-RF 7V /S magner AN
WA P
QRCLLOMODE J‘t%i%-

oPE MixER
i—- '
/i QEamR.. ‘
o Gk  CRrEcoR.

= f
S h—

MMWMM; V\& . /x
(RF generator:/ |
e

WEMWTHT)Es/a current with varying frequency depending
on the RLC circuit in the coil that itself produce a varylng

magnetic field in the same frequency The RF generator

{;have a specrﬂc frequency where we can ‘obtain ‘the-

@Wand other frequency where we can obtaln the

Mwwm

~maximum. Moreover, the pulse programmer controls

e

the phase.

- M‘“‘M\M“

Magnetlc c0|| L

The magnet ut|I|zed in this experiment are the different
permanent magnets with gradient controlling the
different axis. The main reason it is used is to control the

e

FID 5|gnal generated by the sample Wthh is surrounded

M e L ity e

three main parts ﬁo/zontali\\\/%ertj/lcaland grad|ent which

i D

manlpulate the magnetic fleldas desrred N

f‘w

Recelver" e
M e
It< rece|ves the signal from thé magnet and transfer it

IR L ettt . \} !

toward the pulse programmer in anfunderstandabTe s /)

e ———
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form to the synthesizer. The form- ‘can be obtained using

RC filters to smooth the srgﬁ'é"l”“” S
Pulse Programmer: - 7

Most of the work is done he/e/fne pu/,se can be
adjustew of phase,ffrequenc  and other factors.

The objective of the manlpula' ion done to the pulse i is to
et thetbest si snal to send it to thegoscﬂlosco e. The )
g Mg P

MIgnals areﬂproduced in this part by applylng<§ome AL
P——— Y T P
fransformatlon )

%Mﬂw J

“’“"““M

Slgnal Synthe5|zer

In this part the SIgnal is transported to the oscilloscope
in different forms with several propertles The

properties are controlled in the synthesizer: aathe

w»m . T ——

1‘ - /ﬁ
dlffe@me srgnmh and number of srgnals

s

Moreover, lnformatlon from the pulse | programmer IS

R — I i

recewed and sent to the Lock-In Ampllfler s by the ggnal

R —————— —

Procedure:

The main goal of this experiment is to verlfy the
behavior ofthefhea;/y mineral ail and the glycerln Since

e -

s




the machine(is complicatedjand involved several
apparatus as pr lier the setup took a long
time/Then we operated the machirLé},'after that before
putting the sample WW%—Q&M
@to get the possible signal for the FID

late

Then we search for the highest anjg/udgicgq@p/y

which will be approxmatel@6 21.4 MHz.)Because at
the resonant frequency all the components of the

magnetic field are minimum except for the z component
/ﬂ\wp/h/\\:ht:‘v\'rﬁ” the maxi
s phenomenon arises; This result’in the mum

rotation. There are some extr Set up of some~

conditions in the apparatus to measure the signal
properly like tunings and checkup of the wires which is

lmportant for operatmg theexperlﬁﬂent ,,,,,,,,,,,,,,
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‘,\Fmdmg

Adjust the period as given for the sampl keﬁre
that there IS@ of 39mm\ froxt'the center of
the sample to the lower edgé e Grmee
the tube in the magnets. Thereafter, make sure that chl
is connected to Env out from the receiver and on the

[P

pulse programmer toggle sync to A A pulse to on, and B
Pr——

ey SHdbE-
until you get the best decay shape, the decay shape

<hould be similar to this: 7”
' 2,




you increase till the glgnal d|sappears Then put A to the

WMW'M“WM%

180-degree pulse and B to the 90- degree pulse and put

T ——————
e ———————

M g
the number - of pulses to | 1and synctf the toggle switch to

B and set the B pulse to on. Next ple ten val’ues?rom

S1Ven 1O
the values'of I\/I( ) we can obtain Meq by gettingttoa

hlgh value Wthh produce a maximum peak. These are

the sufficient data(to get T, We can obtain T, by
i

following similar technique useﬁigtnd Tionly with a

small exception that is to change the pulse sequence.

The relation between M, and I\/I( ) |s glven by:

where Meq is tw

magnetlzatlon and Tis the time separation between the
signals.

“~Result and Discussion:

[Meq M(t)/(ZMeq);cLTl

i

i

it

[lgnt mineral oil Data:

For T1

e
o
I

e

lum magnetlzatlon M is the

w”'&&/«/

In[(Meqg-

M(x))/2Meq] Hs)
-0.728738126 14.3 0.5 0.035

Mt



-0.780794488 143 1.2 0.05
-0.876868318 143 2.4 0.065
-0.983162976 143 3.6 0.08
-1.050821625 14.3 4.3 0.095
-1.167355441 143 5.4 0.11
-1.393311934 143 7.2 0.125
-2.045073898 14.3 10.6 0.14
-2.323787301 14.3 11.5 0.155
-2.822778467 14.3 12.6 0.17
-3.458767233 143 13.4 0.185
-5.655991811 14.3 14.2 0.2

T e

< In[(Meq-M(x))/2Meq]

0.25 0.2

0.8486x + 23.738y =

0.7683 =2R - b
e

tue

;rrr(&heqM(r))/zMeqi/f———m[(Meq»M(v))/zMéqm .
\\\ M’// B ~

i

TﬁeréfureWTf-”fI[B 738=42. 13ms

i
-
R

swj Ln(fVliT)) Meq/f”w Mxy(‘[); s) ///jx‘f

e

2282382 | /143 P8 o
2.174752 ; 143 /88| 0026
2.014903 | | 143|/ | 75| 0032
1856298 | | 143 | | 64| 0038
1386294 || 14.3 4| 0044
0.641854 || 143 1.9/ 005
0.336472 143 14| 0056
ol\ 13| | /1| o062




2.5

15

Ln{M(T))

0.5

SN s
0.07 0.06 0.05 0.04 0.03 0.02 0.01 0
tue

La(M(t))  =———Ln(M(1)))) i

- e
e

/" Glycerin Data:

~_ForT, e

e T T
| In[{Meqg-

M(D)/2Meq]
_0.003944778
0.114589322
10.214324288
10.316978442
10.431388793 E
0550308839 | 1127 195| | 0.025
10.809946448 12.7 14| | 0.03
10.983457375 12.7 32| | 004
11.233269174 | | 127 53| | 005
11.586090548 | | 12.7 75| | 006
18237622 | 127 8.6
12.136136885 12.7 9.7 | |
2.401840051 127 104 ||
2.646962509 | | 12.7 10.9
2764745545 | |12.7)) 111
297238491 | \12.7/| 114\ o012
3139438994 | 127| 116 . 013

o
(=]
J

o
o
®

©
(@]
&




In[(Meg-M(t))/2Meq] ee

In[(Meg-M(t))/2Meq] —y-j/-/Ig&Me’dff\yﬂ/zr))/ZMeq})) s f 8—
() C s =
( ; ~TR
~

S v
St

0.14 0.12 0.1 0.08 0.06 0.04
0.014x + 25515y =~
0.9949 =2R

Tl-—l/slope =39.2ms
W///

/*"'M

ForT | :
In[M xy(t)/ Met& 7} /J 3

[Ln(My) [ Megy | Mxy(r) ] Es)

194591 | [12.7 | 7| o.006
1.824549 | | 12.7, 62| o001|
1.722767 127\ 56| 0014
1.589235 12.7 49 || 0.018
1.504077 12.7 45| | 0.022
1.335001 12.7 38| |0.026
1280934 | | 127 36 | 0.03
1193922 | | f

a\ 7 B
/ i




~ fAnm@) o
o i Bf
| 2.009K+27.472y = — ; | /2o
019924 =2R ; ~ !
3 ; 2 |

o
/ y
/ (NI
05 / 7~
/
;;k
: : - —! 0/
004 0035 003 0025 002 0015 00l 0005 /

0
fo';(_’M(t)) —Ln(M(0))) =

Therefor T,=-1/ -27.472'—:§36.4m5‘5
\w/

B

Conclusmn:ﬁ

The data that are collected using the NMR experlment
are essential for the medical, nuclear ﬁﬁchemmar/e
It is the underlying concept thét MRI depend upon. The
experiment gives you the knowledge of the operation of
the NMR. We mainly conclude from this experiment the
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role played by thé_ Larmor precession mechanism in the

nucleus itself rather tha nintheatom. -
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" OBJECTIVES:
hg for the “spin-flip” transition o
exposed to a magnetic field.

. Memess Mty that relates the difference in

energy be s and theumagnetic field present. e

spin resonance (ESR@@sensitive method for
the characterization of the electrohi cturesof materials with unpaired
electron. ESR has been advanced to significa t method of investigating

molecular and crystal structure xon\'s and problems in physics,
chemistry, biology and medicine. The-motecliles of a solid (or sample test)

exhibit paramagnetism as a result of unpaired ele ins,transitions can
be induced between spin @W&;ﬁﬁ%ﬁnd then
supplying electromagnetic ener lly in the microw of
frequencies. T@Lﬁm@ at is connected to an
RF oscillator. (Figure IJ. /

ree (unpaired) electron

N
- DPPH Sample

oN

unpaired
electron

Perturbing HF Co

Helmholtz Coil /
Figure 1

From@s, the electron has a magnetic dipole moment ()
that is related toits intrinsic angular momentum, spin, by the vectory,
equation: / T
i=gsus (S/A)) ¢
gs=aTo

nstant characteristic of the electron, the g-factor — 7
UB =the B agneton = eh /2m&=5.788 x @év G /ﬂ

=the spin of the elic’ioﬂ /{\é -
h =Planck's constant = 6.582 x 10@eV—sec , ‘
Because of its quantum nature tron can orient itself i@
ways, with energies equal td.Eg= * gs uB/2j where Eq is the energy of the

electron before the magnetic fiel S applied. The energy difference betWtitii)

{f‘w




T

ossible ortentatno{k is equal to gs UsB; where B is the magmt»g,e_pf
the magnetic field: .

The basic job of the RF oscillator is)to adjust a frequency v, in order to let the . /
energy of’fﬁ’?rad!at\a’\ﬁotowv is equal to the d!fwm L
two poss;ble energy states of the electron. Electrons in the lower energy state
can then absorb a photon and jump to the higher energy stafe. If we look deep

in our situation, when an electron is placed in a magnetic field, the degeneracy

of the electron spin enemMMﬂEd and there are two energy states for

this electron, as illustrated in Fig. 2. The energy levels are easily found by
application of the spin Hamiltonian to the electron spin eigenfunctions
corresponding to ms = +1/2

m Y

Figure 2

AL .
. —

C{ﬁ +: 5 EhgB !%) E,

7‘”/

Thusé}—((ﬂ? g)/ L

The dsfference in energy Whe two levels: AE' =E.-E =gugB, which

NE WO TeVels. AL =k,
corre§p&nds to the energy of a phot A requlred to-eause a transition:

T

if thejiﬁgguency in tthast equatlon is satisf;edég;me point between the
minimum and maximum valtes of the sinusoidally varying mam'd“then
resonance will occur twice during each cycle of the field. Furthermore, EPR
spectra can be generated by either varying the photon frequdent on a
sample while holding the magnetic field ield constant or doing the reverse. . In
practice, it is usually the frequency that is lggpt fixed. On other words f:gure 2
indicates when the energy hv of the a!té?natmg fteld is equal to the energy
difference AE between two neeghbormgfﬁergy levels the alternating field
leads to a “flip” of the magnﬁtmmoments from one orientation in the
magnetic field B into th& otherone.” 77—

s

s

i




IFEXPERIMENTAL PROCEDURE:
eortRe-expertment by Tooking imtothe ESR Apparatus:

The ESR Probe Unit: \Zy\/'déall required voltages and also digitally indicates
crertCy of the oscillatory circuit. It includes The Probe Unit with base

Three, RF Probes and a DPPH sample in a vial, the Passive Resonant Circuit and

the rent Measuring Lead for the Probe Unit. —

: can be used to connect the Probe Unit to the necessary

power supply, frequency meter, and oscilloscope (included in the ESR Basic

System, but not in the Complete ESR System).

kpﬁﬁf(Helmholtz Coils with bases: dMniform magnetic field in
T place i material for t SR measurement

tit: provides most of the instrumentation needed to use the ESR

. It supplies the voltages needed to drive the Probe Unit and the

Helmholtz coils; it proMtal readout of the RF oscillations produced by

the Prob it; it provides outputs for a dual trace oscilloscope.
Oscilloscope: display and analyze the waveform of electronic signals.

5

Figure 3{The ESR Apparafus

Figure 3 has been taken from the lab on the instruments that | was working on it.




the DPPH Sample
fits inside the Probe

Socket for cumrent measuring lead:

connect o an ammeter to Supply and signal

measure RF curent without an voltages: conhect

oscilloscope o Control Unit or,
ESR Agdapler

Figure 5 ESR Probe Unit

DC B-Field RF Frequency
controd Display
22{25 ACB-Field [ phage Sh
N comed
g Fd
/

ooils

S
/
Figure 6 ESR Control Unj

e
e



in para ,and Zto Z.) and put them in parallel and

facing in the same direction, and their separation was equal to approximat
one half their diameter_ s %W

2-tConnected the X output of the Control Unit to channel 1 of a dual trace
oscilloscope.

~ 3=tn the Control Unit, | set U)d(tﬁgzénter knob to zero, then slowly va VM,

"

the left knob, fWoJG’V\and to observe the trace on the oscil e. (Uo

controls the DCc‘urTé‘th"g‘cSﬁg%to the Helmholtz coils. )~

@eﬁ Uo at approximately midscale, then | turned Ugdq clockwise, to increase

the AC component of the current to the Helmholt ifS. Thetrace on the
§scilloscope was a smooth sine wave -

FGatput of the Controlynit to nel 2 of t illoscope and

set the oscilloscope controls for channel 2 as follows: Sensitivity: 0.5 or 1 V/div

Figure 7

6- After pluggin edlum sized RF Probe nto the Probe Unit and inserting
the sa : yftheprobe; | turn on the Probe Unit by
flipping the On/Off switc e up{ty position and turned the Amplitude knob

on the Probe Unit to a medium setting, the Frequency control knob on the
Probe Unit to produce an output of approXimater 50 MHz.

7- Umoalfg\ out the 4th position above zero and Increased U from zero
to a medium value, so the HeMout 10A, the
oscLIIinge/tcam —T




Figure 8 /

o
@.the figur3® the{channel ]

I trace displays the current to the Helmbholtz coils,
which is proportiona e magnetic field produced by the coils.ghe channgel
@jisplayﬁm% of the vol@ the RF osciIIato%\j,t{L;sa
pulses showing the points of resonance absorption.‘—_———_’/
8- As before,dwo rmwses can be observed since the magnetic field
passes through the ue twice each cycle. By adjusting the Phase

Shifter, the twto'peaks can be brought into coincidence. The resulting trace
was: -

Figure 9




v
(e

@c)mefine the adjustmenrent until the resonance pulses occur
en the AC component.df th Helmholtz coilsis zero. Tdid this
step by: 1) @Channel 1 of the oscilloscoge (the trace showing the L/
current to the Helmholtz coils)is in the AC coupled mW
oscilloscope controls, | grounded the input to channel 1, @and

then ungrounded the input.

Figure 11

3) I adjusted the\aC current and noticed how the resonance pulses move ,
closer together or farther apart. By adjusting @DC e phase —
shifter, l@j—lthe pulses occur just when t current to the Helmhol ils is

Zero.




@@ese adjustments,

Figure 12

étermining the res

osalloscope traces were:

he

e

(U= EXPERIMENTAL DATA AND DISCUSSW

nce magnetlc

roug

e series-connected Helmholtz coils I in the

case of resonance is listed as a function of the frequency v of the alternating

Wncy field and th /values caIcuIated for the magnetic field are
compil ;

v/MHz plug-in  B(millitesla
/'4\ (ampere coil )
15\ 027 big 0.53721
1 20 0.168 big 0.71064
25 0.206 big 0.87138
30 0.3 big 1.269
35 0.305 medium 1.29015
40 0.326 medium 1.37898
45 0.377 medium 1.59471
50 0.428 medium 1.81044
55 0.463 medium 1.95849
60 0.512 medium 2.16576
80 , 0.677 small 2.86371
8 | 0717 small 3.03291
90 / 0.76 small 3.2148
// 0.819 small 3.46437
0.851 small 3.59973

| calculated The magnetic field B of the Helmholtz coils from the current |

through each coil:



f turns per coil, r: radius of
=4.23 mT A /A
-Determining the half-width 6Bg:

The half-width read from the oscilloscope, 1.5 cm corres@ /

igure 12

AU = 1.5cm. 0.2(v/cm) =0.3 V (1.5 cm is the distance between the two vertical

lines in figure 12) 0
Calibration of the full modulation voItage@
Umoa= 10cm . 0.5 (v/cm)= 5V

(10cm is the Extend the resonance signal in the X direction exa

over the total width of the screen) which corresponds to Imeg
AC).

e
.

.

0.282 A (RMS of

the resonance frequency as a function of the magnetic field for

) y =27.758x
k= 100

<

o 80

©

2 /60

=}

‘5 40 ® Seriesl
>

b 20 —— Linear (Series1)
g |0 ' R B

& 0 2 4

()]

L

-

The magnetic field BO

Figure 13




e WW/‘”'M DIV “*-««~
hg@g/plaf is the resonance frequency as a function of the magnetic field fw

DPPH. It shows a plot of the measure&?ﬁﬂhgs “‘Tﬁ"e”*‘?ope oW‘gﬁﬁme

th WTWWIS s
W P e
// ,,,,, \\M P

Ry  6.62510"(~31 /f
Fromthtstheg-factorfoilows L g= —— L0%(=34) Ws

= 27.758 T2 41, 983 )
ug.Bo S 7731 \—24%)
Value quoted in the literature: g(DPPH) 2.0(73}6. e percentage erroris:

&4 Error =} Theoretical Value — Experimental Value X 100

%Error=100. [(2.0036-1.983)/ 2. ooa@ 1. 028 N, _—
Peak-to-peak Amplitu 2/ 20f R!\AS ,f”"”“

81=(5U/Unoa') * lwos =(0.3 V/5 V) * 0.282 A * 24/2 04:@5,; f/,.
Then
’/gBa-(él 23 mT )* 6I/A =4.23 mT * 0.0478 A/A -@ J )
“Value quoted in the literature: @ (DPPH) @ //
IV.CONCLUSION:

Quantum theory tells us: electrons have certain gppertles uh as spin.
Any type of angular momentum, including spn@;);:oupfed with 3
magnetic field. Gcha couph ng, along with microwa opy, can be
used to study specific attributes of certain types of materials. The particular
sample | looked at was DPPH, due to its strong microwave absorption and its
almost free spin electrons. The main objective of this Iab is to determine the g-
factor of DPPH.W frequency versus applied magnetic field .
[Figure 13] was used to calculate tthH ‘More dﬁEthbHd’ﬁE
taken with reahgnmgw z coils to improve the uncertamty in the g-

factlor‘ Wn Resonw\?ery useful tool to di 1any molecular
analysis.
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Nuclear Magnetic
Resonance

- Abdulkarim Osama Hariri, 201228600 ,;







Qut line

Introduction: Uses and achivments
Theory: nuclear spin, relaxation time
Experiment: T1 and T2

Results: glycerin

Conclusion




Introduction

Use of NMR:
identifying new compounds

distinguishing between isotopes

1)
2)
3)dynamical features of chemical systems
4)

medicine (MRI)




Nobel prize

+ Otto Stern, USA: Nobel Prize in gaa 1943, "for his contribution to the development of molecular ray method
and his discovery of the magnetic moment of the proton’

+ Isidor I Rabi, USA: Nobel Prize in wamwom 1944, "for his resonance method for recording the magnetic properties
of atomic nuclei"

+ Pelix Bloch, USA and Edward M. Purcell, USA: Nobel Prize in Physics 1952, 5. their discovery of new
methods for nuclear magnetic precision measurements and discoveies in connection therewith'

+ Richard R, Ernst, Switzerland: Nobel Prize in Chemistry 1991, "for his contributions to the development of the
methodology of high resolution nuclear magnetic resonance (NMR) spectroscopy

o Kurt Withrich, Switzerland: Nobel Prize in Che .*m ry 2002, "for his development of nuclear magnetic resonance
spectroscopy for determining the three-dimensional structure of biological macromolecules in solution”

+ Paul C, Lauterbur, USA and Peter zém%c ed Kingdom: Nobel Prize in Physiology or Medicine 2003,

"for their discoverics concerning magnetic resonance imaging'




Theory

¢ Nuclear spin and nuclear
magnetic moment e @m0 | Huslous
g - .\//l/iw..l\‘v\\/\
u= ys. °
. . . Y Um
® |nteraction with magnetic . o
field
A ;
i 7 Erp
- b m=-1/
E =-i-B,. w
E = (ym,hB,) = u,B, 0 Clnical MR Micoinaging
L 400 MH:
 AE =yhB, '
,,,,,, f/m
- )




Theory

e Spin-lattice relaxation time : T, :
component of Ml to B
Nuclear Spin

magnetic moment

If a nucleus has an unpaired proton it will have spin
and it will have a net magnetic moment or field

Spin-spin relaxation time :




Experiment

¢ A) Experimental set up




Experiment

¢ B) Method for measuring T,




Experiment
° _Ov Method for measuring T, ooo..... T ...Hmoo wee T === €ChO Qa




Results

e T, signal (M(t)) for glycerin

5.00 V




Results
¢ T, signal (M(t)) for glycerin

Run

S 9 S . A e e R 0 i




Results
¢ T,results

ﬁ"‘::i“‘:‘.“‘g‘ l."“'."g‘..:l‘

W Mt Me MMM ) In((M_eq-M)/2*M_eq)

o .S.a ﬁ*w waE:mm - y =-22.906x + 0.006
e85 W kel o X e
o6 G o e o2
5 S W sl -

— Linear {In{{M_eq-

m o W A s MI/2°M_ea)
005 A% W S - N

(TR AT
s 3 W
05 4 1
006 64 17

- —— i i At !y — o — A g o A Apa o b o T —— — . —— o . Py A .




® [, results

tau  M{)  Meq  InfM/M_eq)
15 12 127 -0.0566953
20 123 127 -0.0320027
25 12 127 -0.0566953
30 109 127 -0.1528392
35 8.5 12.7 -0.4015358
40 65 127 -0.6697998
4 5 127 -09321641
50 38 127 -1.2066009
S5 28 127 -15119826
60 2 12.7 -1.8484548
6 15 127 -21361369
70 1 127 -2541602
75 0.85 127 -2.7041209
80 0.65 12.7 -2.9723849
8 045 127 -3.3401097
90 03 127 -3.7455748

Results

in(M/M_eq)

y =-0.0526x + 1.2406
R?=0.975

e I0{M/M_eq)
——— Linear {In{M/M_eq))




Results

¢ Confirming the data

e Sources of error: heating




Conclusion

¢ NMR is a very helpful technique (used in...)

¢ Nuclear spin and magnatic moment

e T.and T,







X-ray diffraction

Muhannad Alzahrani

Supervisor: Dr. Akhtar Naqvi
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» Theoretical Background
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 Results and Discussion

 Conclusion




Introduction (1)

« X-ray was first discovered by
Wilhelm Rontgen in 1895

» The typical wavelength of of X-
ray is 0.01 to 10 nm.

* Mainly use in Physics to to
explore the crystalls structure.

o Other uses include medical CT
scans and airport security
devices.

First X-ray Photo



~ Introduction (2)

We have done three experiments:

1-Fine structure of characteristic X-ray for
molybdenum anode.

2-determination of Plank’s constant via Duant-
Hunt relation

3- diffraction of X-ray at a monocrystal
(Verifying Bragg's relation)



~ Theoretical Background (1) e .. .

L,
K
» For the first experiment...
« Energy is quantized (QM), and Y
transitions are associated with K,
emission or absorption of
energy.
» Fine structure — Splitting lines
of transitions. y V Kn=1
° _‘AQ m_x_n_ _‘A‘w are U_10<®Q _“O _um _:x_m Fig.1 Diagram of fice structure of the characteristic tine K,
duplets, will be explored by
means of X-ray diffraction. . Y,
. o

« These transitions obey
selection rules "

|All = 1, |Aj|=0, 1

Ka

1.0, %




‘Theoretical Background (2)
* For the second experiment...

* Duant and Hunt found that at the af
Brehmsstrhlung continuum in the relative
intensity and wavelength curve that
Ain~1/U, the exact relation is

A = (hc/e)(1/U)=A/ U

Relalive Intensity

*For the third experiment... Wavelength (n

m)

 Crystalls are arrays of lattice elements or
parallel lattice planes (Bragg).

* Bragg got the relation 2d sin(8)=nA
(constractive interference condition)




Experimental Procedure (1)

* All experiments had been carried out by
Leybold X-ray diffraction machine.

» The device consists of three parts:
1- Control Panal: To adjust the different
parameters involved
2- X-ray emmitor.
3- Experiment room: Containing an
X-ray source, the crystal and the
detector.

* The last part is a cable attached to a
computer to transmitt the data via X-ray
apparatus software



- Experimental Procedure (2)

. « All three experiments have almost the

same procedure.

* First, we need to maxmize the counting
rate via manipulating the voltage and
angles.

* Next, we enter the relevant parameters
using the control panal.

« Then, we need to adjust the distances
between the X-ray emitter, the crystal
and the detector.

* Finally, we have to choose the
appropriate plot type in the X-ray
apparatus software.

Fig. 4 Experiment selup in Bragg configuration




mmmc:w and discussion (1)

._..o::mmaﬁmxnmzq:m:ﬁém ;,,
have done first order diffraction |
three consecutive times to find T
Kqand K. -

« The first and second peaks |
corresponds to the K; and K,
respectivley. =

« The obtained values for K, and
K, respectivley were 73.1 and
mm.o. while the literature values
are 71.8 and 63.09 (Good
agreement)

First order diffraction for NACI
monocrystall

* Yet, first order diffraction is not
enough to resolve K,, and

XQN



‘Results and discussion (2)

* The consecutive peaks represents K,, .
Kg, Ky @and K, - ,

* The obtained for K, Kg, K,; and K,
were 62.2, 63.1, 70.8 and 71.4 (pm), and
the literature values were 62.09, 63.26,
70.93 and 71.36 (pm) and the agrrement
is good.

Fifth order diffraction in NACI
monocrysall

 The difference between the curve here
and the one in the manual is the upward
shift in this case.



- Results and discussion (3)
« In the third experiment, finding
Plank's contant. It is done via |
performing the experiment for different
values of the voltage and finding the
corresponding A, (Upper graph), then
plot a regrssion line to find A (Lower

graph).

* The obtained value of h was 4.87
*107-34 J.s, with a considerable

w.m ! w \\wﬂ\\
deviation from the literature value BE L e o
(6.38*107-34 J.s), error is 27% (No n A
explanation). -

pawt




~ Results and Discussion (4)

* In the third experiment, we
verified Bragg's relation.

of the diffracted beam vs. |
angle. | S |

*  We did not calculate the
wavelenghts explicitly, but the
plot is almost identical to the
one in the manual.

. The graph is a plot of Internsity | \\

)

e
;
.




~ Conclusion

« X-ray diffraction is an indespensible tool in many fields.

« Klines of transition are duplets.

« Bragg's relation is true within experimental sensitivity.

« Counting rate must be high to obtain accurate results
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+ Outline

* Introduction.

* Theory.

* Instruments used.
* Experiment setup.
* Procedure

* Conclusion




s*Introduction

Diode laser is composed of:
* Internal (Bare) DL.

Laser diodes consist of a p- n
diode with an active region
where electrons and holes
recombine resulting in light
emission. Their linewidths are
large compared to the linewidths

of atomic transitions. In addition A Diffraction Graling
.. Diode Laser
they are extremely sensitive to
optical feedback
AR - i
Coating M
* External Cavity DL (ECDL). Collimating Lens Output Beam




% Theory

* Rubidium has two naturally occurring isotopes: 85Rb and 87Rb.

* The nuclear spin quantum number for #Rb is I = 5/2, whereas for $’Rb, 1=3/2.
* Each energy level will occupy a certain state.

* The energy states can be described by:

2541 4
N\

where
- S: is the spin quantum number.

- L*: is the angular momentum quantum number (S, P, D, ..., for orbital angular momentum
quantum number L = 0,1,2).

- J =L + S is the total angular momentum quantum number.

* For the ground state of rubidium, S = 1/2 and L = 0, giving J = 1/2 and the ground state,
2Q |
12-



* For the first excited state we have S =1/2, and L = 1, giving J = 1/2 or J= 3/2, so there are
two excited states V2 P and ¥2 P,

F'=4 _F'=3

kR ——————— 2

2 _ 1

1 6

a b

h | F=2
F=3
F=2

y F=1

SR 87Rb



* The absorption spectrum for a rubidium vapor cell, with the different lines
shown.

ﬂ.ﬂ - -y
o8 85b -
as L . . 4 .

-4 -2 0 2 4



¢ Instruments used

Diode laser.

The Absorption Cell Assembly.

The absorption cell assembly consists on an outer
glass cylinder, an insulation layer, a heater

assembly, a thermocouple to monitor the temperature
and the gas filled Rb cell itself.

The Magnetic Field Coils.

The magnetic field coils are a Helmholtz
pair which produces a uniform field at the
Rubidium cell.




s Instruments used

* The Photodiode Detectors.
The apparatus is supplied with a couple of photodiode

detectors. A switch on the back of the detector allows
you to change the gain setting from 10 M_ to 333 _ in ten steps.
We can send the detector signal directly to an oscilloscope or

to the DETECTOR MODULE of the Controller.

* A couple of lenses.

* An oscilloscope.

* TV connected to a camera.
* ND filter.

* The Magnetic Field Coils.

The magnetic field coils are a Helmholtz
pair which produces a uniform field at the Rubidium cell.




< Instruments used

e The Controller.

- DETECTOR/LOW PASS/DC LEVEL: This module provides power for three

detectors and offers two detector inputs and a series of Monitor options. You can look
at either detector or a combined signal.

- PIEZO CONTROLLER: This controls the piezo modulation, which determines the

way the angle of the grating is changed and thus the change or “sweep” of the laser
frequency.



Instruments used

i .’ :
-

* The Controller.

- RAMP GENERATOR: This provides a bipolar variable amplitude and frequency
triangle wave.

- CELL TEMPERATURE: The cell temperature is both set and monitored through
keys on the LED display.
-  CURRENT: The current module controls the current to the laser.



% Experiment setup
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Procedure

Set the cell temperature to be 45 degrees.
You have to wait for the cell to reach this temperature.

Set the Laser diode voltage to be 2.719 V.

Turn the piezo OUTPUT OFFSET knob to zero.

Set the ramp generator frequency to about 10 Hz.

Turn the piezo ATTENUATOR knob to one (1).

Set the ramp generator AMPLITUDE knob to ten (10).

Use the DC OFFSET knob of piezo controller to produce a large-amplitude triangle wave that is
not clipped at the top or bottom.

Put the Photodiode Detector in place to intercept the laser beam coming through the Rb cell.
Assemble the glass neutral density filter in a fixed mirror holder and place it in a post holder.
Place the attenuator between the laser and the Rb cell (not between the cell and

photodiode).

Upper trace (Channel 1) shows piezo monitor
signal.

Lower trace (channel 2) shows Detector output.




* Setthe laser CURRENT ATTENUATOR knob to zero. Attach the BNC splitter “F”  connector to

~ the RAMP OUTPUT on the RAMP GENERATOR. Plug one BNC from the RAMP OUTPUT to
the MODULATION INPUT of the PIEZO CONTROLLER, and the second BNC from RAMP
OUTPUT to the CURRENT MODULATION INPUT.

* Turn the ramp generator amplitude up to maximum, and watch what happens when you turn up the
current attenuator knob. With some tweaking you should be able to produce a full trace over the Rb
spectrum.

* Use the oscilloscope invert function used to show the trace in what looks more like an absorption
spectrum. We get a full trace over the Rb spectrum as shown:
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Now we need to compare the laser beam that passed through the Rb vapor, and the one that

| B directly detected. In order to do this, We need to install a 50/50 Beam splitter, so we need

“a second photodiode detector to intercept the beam that has been split off by the Beam
Splitter.
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¢ Conclusion o} | ..
il 87a -

In this experiment, we used the laser diode ,m wl 85a
spectroscopy to show how the energy E 87b 1 | |
levels are splitted in an atomic system. The w o1t .
resultant graph we get for the four l 858 )

~ absorption lines (Figure 12) is very similar
. to the theoretical one os L o : 1 >



Optical Pumping

Student : Ahmad Al-Jama

Supervisor : Dr.Akhtar Naqgvi



Outline

Introduction

Theoretical Background
Experimental
Results and Discussion

Conclusion



Introduction

* Optical pumping is the
process that uses
photons to change the
distribution of the stated
occupied by a collection
of atoms.

* In 1966, Alfred Kastler
won a Nobel Prize for
his work on optical
pumping.




Introduction

* Rubidium has the electron configuration :

* This means it’s a Hydrogen-like atom.
* For such atoms, the complete inner shells can be
1gnored.



Theoretical Background

* Fine Structure :
Results fromJ=S + L

* Hyperfine Structure :
Results from F=1+J

* The Zeeman Effect :
AE = gppoBMF




Theoretical Background (Cont’d)

* Absorption :

N — Nomiqobm

* Optical Pumping :
Using circularly polarized
light to excite electrons e

where they can no longer
be excited.
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Experimental Procedure :
Equipments
Rubidium Discharge Lamp : Filled with Rb gas and

Xenon Buffer Gas.

Lenses : One used to collimate the beam. The other
used to focus it into the detector.

Filter : Excludes all lines except the near-IR 795 nm
line.

Polarizer : Produces linearly-polarized light.
/s Waveplate : Produces circularly-polarized light.



Experimental Procedure :
Equipments (Cont’d)

* Cell and heater : The cell is an insulated perspex
cylinder with a bulb of rubidium and neon buffer gas.
The bulb can be heated to change the Rb pressure and
density.

« Magnetic field coils : The vertical field is to cancel
the local field due to the Earth’s magnetic field. The
horizontal field is for the Zeeman effect and the
sweep field is for viewing the B =0 resonance.

« RF coils and signal generator : the RF magnetic field
coils are located on the cell. The field is produced by
a signal generator plugged into the electronics box.



Experimental Procedure :
Equipments (Cont’d)

* RF coils and signal generator

the RF

magnetic field coils are located on the cell.

The field 1s produced by a signal generator

plugged into the electronics box.
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Experimental Procedure :
Absorption Cross Section

* We used the optical set-up in the last slide
without the polarized and the % plate.

* We sat the cell’s temperature to different
values between 300 and .... (10 K steps), and
measured the voltage at each temperature.
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Results and Discussion
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Thanks for listening
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« OBJECTIVES:

» l[ooking for the “spin-flip” transition of a
free (unpaired) electron exposed to a
agnetic field.

« Measure g, a dimensionless quantity that
relates the difference in energy between

two levels and the magnetic field present

L




+ It is also called electron paramagnetic

resonance (EPR) or electron magnetic
resonance (EMR).

Is a branch of absorption spectroscopy
which radiation of microwave frequency

absorbed by paramagnetic substances.

invented by Zavoisky in 1944




TR

e Different

energy states are
produced due to the alignmen
of the nuclear
moments relative to m_u@_,.@n_
magnetic field and the transition
between these energy states |
occurs on the application of an
appropriate frequency in the
radio frequency region.

NMR absorption positions are
expressed in terms of chemical
shifts.

Nuclear spin spin coupling causes
the splitting of NMR signals.

magnetic |

Different states are
produced due to the alignment
of the

moments

energy
electronic  magnetic
relative to applied
magnetic filed and the transition
between these energy states
occurs on the application of an
appropriate frequency in the
microwave region. |
ESR

absorption positions are
expressed in terms of “g” values. |
Coupling of the electronic spin

with  nuclear spins(hyperfine
coupling) causes the splitting of |
ESR signals. .




« The energy levels are produced by the
interaction of the magnetic moment of an

paired electron in a molecule ion with an

plied magnetic field.

R spectrum is due to transition these

energy levels by absorbing radiations of
microwave frequency.




o Like a proton, an electron has a spin,
which gives it a magnetic property known
as a magnetic moment.

« When an external magnetic field is
supplied, the paramagnetic electrons can
either orient in a direction parallel or
antiparallel to the direction of the magnetic
field

» This creates two distinct energy levels for
the unpaired electrons. |







o« For an electron of spin s=1/2, the spin
angular momentum have values of
m.= +1/2 or -1/2

« In the absence of magnetic field, the two
values give rise to doubly degenerate
energy levels(same energy).

The low energy state will have the spin
magnetic moment alligned with the field
(m,= -1/2), and high energy state -
opposite to field (m.= +1/2).









