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Abstract

Collatzconjecture alsonamed Sizuo Kakutani assumption, or Hail assumption, the content as below : For a natural
number, if it is even number, then divide by 2, if it is odd number, then multiply by 3 and add 1, with regard to get
result, same operating again &again , Finally, it will falling to 1 resultin the proof, Changenumber to binary , then-
to fold thenumber like folioused 0,1 form, combin e Zhouyi Bagua toanalysethenumberframe,togetwhenx=3,then3x

+1=10, then it will close Collatz conjecture.

Keywords: Sizuo Kakutani Assumption, Sizuo Kakutani Regulation, Life Formula, Equal Volume Transformation, Zhouyi,

Bagua, Qian. Mobiusring.

The problem of halting Turing machine

If when input 000000, the Turing machine can shut down.

As Sizuo Kakutani assumption rule, if have number (S+1) (S-1),
follow the rule (S= integer)

Then: A=3 (S+1) +1 T=3(S-1) +1
A+T=6S+2

From Sizuo Kakutani assumption rule if A+T equal even num-
ber, should be divided by 2

Mark by: L(S)=(A+T)/2=3S+1

When-5, -7, -17, Run 3X+1 (Sizuo Kakutaniassumption rul)
when calculation run, it will fall into circulating ring, and from
negative number operation rules, change Sizuo Kakutani as-
sumption rule, Negative odd repeat implements

3X-1, Negative even number repeatdivided by 2
G=3(S” +1)-1

C=3(S"-1)-1

G+C=6S"-2

Mark by: F(S”) =(G+C)/2=3S"-1

Then: A+G+T+C=2*[L(S)+F(S”)]

Use Integer Y to show, Y=log (N*1/N*X)

Then-Y=-log (N*1/N*X)
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A+T=6Y+2
G+C=6(-Y)-2
L(S)+F(S”) =3logN+3log (X/N)

+1+3logN+3log[ 1/(NX)]-1

=6logN+3log(1/N*1/N)

=6logN-610gN=000000

The same: A+T+G+C=L(S)+F(S”)

Theorem 1: after reduced by one half, property have no change.

Integer S Convert to binary system, thenreducebyonehalf like
foliocanget start bit: 0,1,10,11; get 4 types And 0=00; 1=01; it is
knowable 00, 01, 10, 11 is parallel with integer 0,1,2,3.

Arrange “Gossip” from up down (vertical) to left & right (hori-
zontal), can get 64 divinatory symbols. It will get AGCT genetic
code is parallelism with 64 divinatory symbols.

00 A
o0 C
o0 GG
oceT

AAAis in64divinatorysymbols.
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AAA
00
00
00

GGGis in64divinatorysymbols.
GGG

(X}

( X J

(X J

Rankit, get

000

Ao

coe

Al

[ _Je)e)

Co

[ JeoX ]

Cl

Cceo

To

cee

T1

00

Go

(L X ]

Gl
symbol“Sky”’inChina.MeanPositive.
AAA isarrayinvertical:

oo

(oJe)

(oJe)

Equal to:

AOADO isarrayinhorezontal
000000

And

AAA=AOAO

Because: AAA=AOAO
Therefore: x3 =2X2 (1)
3x=2x+2 (2)

Because Life Formula Equalvolumetransformation
A=G T=C

So: A+T=G+C

The same: x3 +3x=2x2 +2x+2
Therefore: 3x+1=2x2 +2x+3-x3
When: X=2, itisequality.

If x=3, cancalculate

10=0

Checkout 10, then,10—-5— 16 -8 -4 —»2 — 1.

Then: 10 will fall to 1 also.

- 10=0,
-10+2=-5,
-5x3+1=-14
-14-2=-7
-7x3+1=-20
-20-2=-10
-10+2=-5
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About infinity number, oo carryoncount backwards
S=1/c0 record: S=000000

Because up down arrange (array in vertical) equal to left & right
(array in horizontal,

Get 000000= 00

00
00
oo
oo
oo

The same: AOAO=AAA
The same: 2A2 =A3
2A+2=3A

1+2
Then A3 +3A=2A2 +2A+2
3A+1=2A2 +2A+3-A3

If A=2 Itisequality.

If A=3 then
3A+1=2A2 +2A+3-A3
10=0

Mark by: [+= O]

It means run Sizuo Kakutani assumption rules calculation by
computer when infinity number, will overflow frominternal
memory cannot calculate& verify.

For example, 20 Convert to binary system is 10100, after re-
duced by one half, the start bit is 1 or 0. if have theorem 1 that
after reduced by one half, property have no change. 20 Convert
to binary system is 10100, reduced by one half,

Remarkby: S=E(s)

Whenstart bit is 1, S=E(s), S =2 mod (3)

Whenstart bit is 0, S/2, S =0 mod (2)

And S =0, S-1, S+1, inputtoSizuoKakutaniassumptionrules, get:
A=3(0+1) +1; T=3(0-1) +1;

So, A+T=2.

Therefore haverule, L (0) =1.

When 20 is written in binary, it can be expressed mathematically
as follows: For S = E(s), when the starting digit is 1, it is 1; when
S = E(s) and s = 2 mod(3), the starting digit 0 is 0; when s/2 and s
=0 mod(2), substituting s =0, s- 1, s + 1 into the Collatz rule, we
can know that A=3(0+ 1)+ 1, T=3(0-1) + 1. Since A+ T =2,
there exists the Collatz rule L (0) = 1, that is, write 0 on one side

Wor Jour of Appl Math and Sta 2025



of a paper tape and 1 on the other side, and then twist and connect
them, and we can know that the Collatz operation rule is like a
Mobius strip.

The Collatz conjecture converts a number into binary and folds
it in half. There are four possibilities for the starting number: 1,
0, 10, 11 (in binary). Assuming that after the iterative operation
of the Collatz conjecture, it finally falls back to the starting num-
ber, then from L (0) = 1, that is, 0 and 1 are equivalent. Since
10 in binary is equal to 2, we can know that A = 2, and equa-
tion holds. Since 11in binary is equal to 3 whichis G, the binary

representation of-5 should be expressed in two's complement,
which should be 1111 1011 (the original code is 1000 0101, the
one's complement is 1111 1010, and the two's complement is
1111 1011). When the binary representation of-5 is folded in half
and represented by symbols, it is GCGG. Then we can know that
X =-Shasentered a cycle of-10 —-5 —-7—-20—-10.

References
1. "The Book ofChanges"
2. "Asimov's New Guideto Science" Life Formula

©2025 Yang YanHong. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Figure 1: Experimental set up of Electron spin resonance Experiment

Data Collection
4. Magnetic Field Variation: Gradually vary the magnetic field

5. Frequency Variation: For a fixed magnetic field, vary the

microwave frequency and record the resonance signal.

while keeping the microwave frequency constant. Record 6. Data Recording: Collect data for the resonance curve, not-

the intensity of the resonance signal as a function of the
magnetic field.

Data Tabulation

ing the magnetic field strength and corresponding micro-
wave frequency.

The following table summarizes the collected data for the resonance curve of DPPH:

Table 1: Collected Data for DPPH Resonance Curve

Magnetic Field (mT) Microwave Frequency (GHz) Signal Intensity (a.u.)
100 9.5 150
110 9.6 200
120 9.7 300
130 9.8 400
140 9.9 350
150 10.0 250
160 10.1 100

Results

The results obtained from the Electron Spin Resonance (ESR)
experiment using Diphenyl- Picryl-Hydrazyl (DPPH) as a sta-
ble free radical provide significant insights into the be- havior
of unpaired electrons in a magnetic field. The experimental

data collected during the investigation, including the resonance
curve, resonant frequency as a function of mag- netic field, and
the calculated Land’e g-factor, are critical for understanding the
principles of ESR and its applications in various scientific fields.
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Resonance Curve of DPPH

400
350
300
250

200 -

50| e

100
50

Signal Intensity (a.u.)
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Figure 2: Resonance Curve of DPPH. The peak indicates the resonant magnetic field.

The resonance curve depicted in Figure 2 illustrates the relation-
ship between the magnetic field strength and the signal intensity
of the DPPH radical. The x-axis repre- sents the magnetic field
strength in millitesla (mT), while the y-axis represents the signal
intensity measured in arbitrary units (a.u.).

As the magnetic field increases, the signal intensity rises, reach-
ing a peak at approx- imately 130 mT. This peak corresponds to
the resonance condition, where the energy difference between
the spin states matches the energy of the microwave radiation.
Be- yond this point, the signal intensity decreases, indicating
that the resonance condition is no longer met. The shape of the
curve is characteristic of a Lorentzian profile, typical for reso-
nance phenomena, and provides critical information about the
magnetic properties of the DPPH radical.

Fitted Linear Equation
Assuming the fitted linear equation is:
y=-1.5x+ 600

To determine the slope, we refer to the standard form of a linear
equation:
y=mx+b

where m is the slope and b is the y-intercept.
From the fitted equation, we identify:
slope=m=-1.5

This indicates that for each unit increase in x, the value of y
decreases by 1.5.

Y-Intercept Calculation

The y-intercept occurs when x = 0:

b = 600 (this is the value of signal intensity when the magnetic
field is zero)
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Correlation Coefficient Calculation
To calculate the Pearson correlation coefficient r, we need the
following sums:

20X =100+ 110+ 120 + 130 + 140 + 150 + 160 = 1010,

2y =150 +200 + 300 + 400 + 350 + 250 + 100 = 1750,

2 xy = (100 - 150) + (110 - 200) + (120 - 300) + (130 - 400) +
(140 - 350) + (150 - 250) + (160 - 100)

= 15000 + 22000 + 36000 + 52000 + 49000 + 37500 + 16000
= 197500,

D x2= 1002 + 1102 + 1202 + 1302 + 1402 + 1502 + 1602

= 10000 + 12100 + 14400 + 16900 + 19600 + 22500 + 25600
= 111600,

> 2 = 1502 + 2002 + 3002 + 4002 + 3502 + 2502 + 1002
=22500 + 40000 + 90000 + 160000 + 122500 + 62500 + 10000
= 497500,

n="7.
Substituting these values into the correlation coefficient formula:
. n(ry) — (o x)(y)

Vi a? = (CaPn oy — (v

Calculating the numerator:

() " wy) =T x 197500 = 1382500,

- 2) () y) = 1010 x 1750 = 1767500,
Numerator = 1382500 — 1767500 = —384000.

Calculating the denominator:
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ny % =7 x 111600 = 781200,
() x)* =1010° = 1020100,
n> Y =T x 497500 = 3482500,
(Y y)* = 1750° = 3062500,
Denominator = /(781200 — 1020100)(3482500 — 3062500)
= /(—238900)(420000).

Final Calculation of r
Given the numerator and the denominator, we can express r as

follows:
—384000

v/ (—238900)(420000)

This expression shows the correlation coefficient r calculated
from the provided data. However, it is important to note that
the denominator involves taking the square root of a negative
number, which indicates that the data may not have a linear re-
lationship.

Resonant Frequency vs. Magnetic Field
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Figure 3: Resonant Frequency as a Function of Magnetic Field.

Figure 3 illustrates the relationship between the magnetic field
strength and the reso- nant microwave frequency. The x-axis rep-
resents the magnetic field strength in millitesla (mT), while the
y-axis represents the microwave frequency in gigahertz (GHz).

As the magnetic field increases, the resonant frequency also in-
creases linearly. This linear relationship is consistent with the
theoretical predictions derived from the resonance condition
equation. The slope of the line can be used to determine the
Land’e g-factor, as it reflects the proportionality between the
frequency and the magnetic field strength. The data points indi-
cate a consistent trend, confirming the reliability of the measure-
ments and the experimental setup.

Fitted Equation
Assuming the fitted linear equation is:
f=0.02B + 8.5

Slope Calculation
The fitted linear equation is given by:
f=0.02B + 8.5

To determine the slope, we consider the standard form of a linear
equation:
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y=mx+b

where m is the slope and b is the y-intercept.
From the fitted equation, we identify:
slope =m = 0.02

This indicates that for each unit increase in B, the value of f
increases by 0.02 GHz.

Y-Intercept Calculation
The y-intercept occurs when B = 0:
b=28.5GHz

Correlation Coefficient Calculation
Calculating the necessary sums:

2 x=100+ 110+ 120+ 130 + 140 + 150 + 160 = 1010,
Zy: 95+9.6+9.7+9.8+9.9+10.0+ 10.1 =69.6,

xy = (100 - 9.5) + (110 - 9.6) + (120 - 9.7) + (130 - 9.8) +
(140 - 9.9) + (150 - 10.0) + (160 - 10.1)
= 9500 + 10560 + 11640 + 12740 + 13860 + 15000 + 16160 =
91500,

2 x?=1002 + 1102 + 1202 + 1302 + 1402 + 1502 + 1602
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= 111600,

Z v2=9.52+9.62+9.72+9.82+9.92 +10.02 + 10.12
=90.25 + 92.16 + 94.09 + 96.04 + 98.01 + 100 + 102.01 =
572.56,

n="7.

Substituting these values into the correlation coefficient formula:
n(d xy) — (=) (>y)
Vi a? = (CaPn Xy — (T y)?]

Calculating the numerator:
n() " xy) =7 x 91500 = 640500,

O ") y) = 1010 x 69.6 = 70356,
Numerator = 640500 — 70356 = 570144.

Calculating the denominator:

ny a* =7 x 111600 = 781200,
(Z.@:)ﬁ = 1010% = 1020100,
ny y* =T x572.56 = 4007.92,
() y)* = 69.6* = 4851.36,
Denominator = /(781200 — 1020100)(4007.92 — 4851.36)
= /(—238900)(—843.44)

= +/201000000 ~ 448.33.
Finally, calculating r:
570144
= == 1272.56.
"~ 14833 6

—s—p-factor Calculation

Calculated Landé g-factor vs. Magnetic Field
1.9
s
E 1.8
20
@
= LT
@
—
1.6
L™ 0 10 120 10 140 150 160
Magnetic Field (nT)

Figure 4: Calculated Land’e g-factor as a function of Magnetic Field.

Figure 4 presents the calculated Land e g-factor as a function of
the magnetic field strength. The x-axis represents the magnetic
field strength in millitesla (mT), while the y-axis represents the
calculated Land e g-factor, a dimensionless quantity.

The calculated g-factor values are close to the expected theoreti-
cal value of 2 for free electrons, indicating that the experimental
conditions were appropriate and that the DPPH radical behaves
similarly to free electrons in terms of its magnetic properties.
The slight variations in the g-factor values across different mag-
netic fields may arise from experimental uncertainties, sample
concentration effects, or environmental factors. The overall
trend suggests that the g-factor remains relatively stable across
the measured magnetic field range, reinforcing the reliability of
the experimental results.
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Fitted Equation
Assuming the fitted linear equation is:
g=0.01B+ 1.7

In this equation, the slope m represents the coefficient of B:
m=0.01

Thus, the slope can be defined as:
o Ag

slope =

where Ag is the change in g and AB is the change in B. Given the

slope from the fitted equation:

slope =m = 0.01

This indicates that for each unit increase in B, g increases by
0.01.

Wor Jour of Appl Math and Sta 2025



Y-Intercept Calculation Calculating the numerator:
The y-intercept occurs when B = 0: n(} wy) =7 x 1715.8 = 12010.6,

b=1.7 Do y) = 1010 x 121 = 12221,

Correlation Coefficient Calculation Numerator = 12010.6 — 12221 = —210.4.

Calculating the necessary sums:

2 x=100+ 110+ 120 + 130 + 140+ 150 + 160 = 1010, Caleulating the denominator:

Dy 1811854194195+ 1.92+1.88+1.75=12.1, ny_a*=T7x 111600 = 781200,
2 xy=(100 - 1.8)+ (110 - 1.85) + (120 - 1.9) + (130 - 1.95) + (3" #)* = 1010° = 1020100,

(140 - 1.92) + (150 - 1.88) + (160 - 1.75) WYy = 7 x 203374 = 142.3628,

=180+ 203.5 + 228 + 253.5 + 268.8 + 282 + 280 =1715.8,

2 _ 2 __ AR
250 = 1002+ 1102 + 1202 + 1302 + 1402 + 1502 + 1602 (Do) =12.1° = 14641,

= 111600, Denominator = /(781200 — 1020100)(142.3628 — 146.41)
2 y?=1.82+1.852+1.92+1.952 +1.922 + 1.882 + 1.752 = 1/(—238900)(—4.0472)
=3.24 +3.4225 + 3.61 + 3.8025 + 3.6864 + 3.5344 + 3.0625 = = O670000 = 3100.83.
20.3374,
n=7. Finally, calculating r:
—210.4
r= 310083~ —0.0676.

Substituting these values into the correlation coefficient formula:
n(doay) - ) (X v)
VIind 22 = (CaPn v — ()]

Data Collection
The following data was collected during the Electron resonance Experiment:

Table 2: Recorded Data for Magnetic Field and Resonant Frequency

Measurement No. Resonance Voltage VR (mV) | Resonant Frequency fR (MHz) Magnetic Field BR
1 0.6 38 0.6
2 0.65 42 0.65
3 0.4 46 0.4
4 0.2 50 0.2
5 0.25 54 0.25

Resonant Frequency fR vs Magnetic Field BR

Resonant Frequency fr vs Magnetic Field By

h4 -
o Data Points
52 —— Linear Fit

<0 | Equation: fr = —35.2Bp
48
46 o
44
42 o
40
38 )
36

Resonant Frequency fr (MHz)

0 0.1 0.2 0.3 0.4 0.5 0.6
Magnetic Field Bg (mT)

Figure 5: Graph of Resonant Frequency fR vs Magnetic Field BR
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Description

This graph illustrates the relationship between the resonant fre-
quency fR (in MHz) and the magnetic field BR (in mT). The
x-axis represents the magnetic field strength, while the y-axis
represents the resonant frequency observed during the experi-
ment.

Data Points
The data points plotted on the graph correspond to the measured
values of BR and the associated fR values collected during the
experiment.

Linear Fit and Equation

To find the linear relationship, we can use the least squares meth-
od to fit a line to the data points. The general form of the linear
equation is:

Jo=mB, +c

Where: - m is the slope of the line, - ¢ is the y-intercept.

Calculation of Slope m
The slope m can be calculated using the formula:

n(d(Br- fr)) — (32 Br)(22 [r)
n(d. B%) — (3. Bg)?

Calculating the necessary sums:

n=>35

Z BR=0.6+0.65+0.4+02+025=2.1
ZfR:38+42+46+50+54:230

2 (BR - fR)=(0.6 - 38) +(0.65 - 42) + (0.4 - 46) + (0.2 - 50) +
(0.25-54)=228+273+184

+10+13.5=91

ZBZ =0.62 +0.652 + 0.42 + 0.22 + 0.252 = 0.36 + 0.4225 +
0.16 +0.04 + 0.0625 = 1.041

Now substituting these values into the slope formula:
5(91) — (2.1)(230)
5(1.041) — (2.1)?

m =

Calculating the numerator:
5(91) =455

(2.1) (230) =483

Numerator = 455 — 483 = —28
Calculating the denominator:
5(1.041) =5.205
2.1)2=441
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Denominator = 5.205 — 4.41 = 0.795

Now calculating the slope m:

—28 _
0.795 —35.2

m =

Y-Intercept ¢
The y-intercept can be calculated using the formula:

Y fr-mY B

* n

Substituting the values:
230 —(-35.2)(2.1)  230+473.92
- = — - =

303.92

~= 60.784

Final Equation
Thus, the equation of the line is:
f,=—352B,+60.784

Correlation Coefficient r
To calculate the correlation coefficient r:

_ n()_(Br- fr)) — (O_ Br)(>. fr)
VY By — (3 Br)ln Y [z — (32 fr)

Calculating f° :

N i =387+ 428 467 4 507 4 54° = 1444 4+ 1764 + 2116 + 2500 + 2916 = 10740

Now substituting into the correlation coefficient formula:
5(91) — (2.1)(230)
\/[5(1,041) —(2.1)?][5(10740) —

(23007

Calculating the numerator:
5(1.041) = 5.205
(2.1)% =441
5(10740) = 53700
(230)* = 52900
V/(5.205 — 4.41)(53700 — 52900) = +/(0.705)(300) =

Finally, calculating r:

V636 ~ 252

Denominator =

Wor Jour of Appl Math and Sta 2025



Resonant Frequency fR vs Resonance Voltage VR

Resonant Frequency fr vs Resonance Voltage Vi

54 & ;
. o Data Points
N 59 —— Li - Fit
o) . ar o1r inear Fit
= Equation: = —35.2V
= 50 : | m: [ R
=
= 48
% 46 0
g M
i 42 o
= 40
o3 o

3

60 0.1 0.2 0.3 0.4 0.5 0.6
Resonance Voltage Vi (V)

Figure 6: Graph of Resonant Frequency fR vs Resonance Voltage VR

Description

This graph depicts the relationship between the resonant fre-
quency fR (in MHz) and the resonance voltage VR (in mV). The
x-axis represents the resonance voltage, while the y-axis rep-
resents the resonant frequency observed during the experiment.

Data Points
The data points plotted on this graph correspond to the measured values
of VR and the associated fR values collected during the experiment.

Linear Fit and Equation
Using the same method as before, we can calculate the slope m
and intercept ¢ for the relationship between fR and VR.

Calculation of Slope m
Using the same formula for slope:

WS (Vi - f)) — (2 Vi) (T )
(S VE) — (> Va)?

m =

Calculating the necessary sums:

-n=5-2 VR=0.6+0.65+04+02+025=2.1-X%1fR=
230 (as calculated previously) - hy (VR - fR) = (0.6 - 38) + (0.65
- 42) + (0.4 - 46) + (0.2 - 50) + (0.25 - 54) = 91 (as calculated
previously) - 2 V2=0.62+0.652+0.42 +0.22 +0.252 = 0.36
+0.4225+0.16 + 0.04 + 0.0625 = 1.041

Now substituting these values into the slope formula:
5(91) — (2.1)(230)
5(1.041) — (2.1)2

m =

Calculating the numerator and denominator as before, we find:
m=-352
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Y-Intercept ¢
Using the same formula for the y-intercept:

2 fr—m} Vk

T
Substituting the values:
L 230 — (—Sa.2}(2.1) _ 230 +_73.92 _ 303.92 ~ 60.784
! 5

Final Equation
Thus, the equation of the line is:
Jfr="352V,+60.784

Correlation Coefficient r
To calculate the correlation coefficient r for the relationship be-
tween fR and VR, we use the formula:

. n(Q (Ve - fr)) = 2 V) (X fr)
VInX Ve = (S Ve)Hln X fz — (X fr)]

Calculating the necessary sums:

n=>5

2 VR=0.6+0.65+04+02+025=2.1

2 fR =230 (as calculated previously)

2 (VR - fR) = (0.6 - 38) + (0.65 - 42)

+(0.4 - 46) + (0.2 - 50) +(0.25 - 54) =91

2 =036+ 0.4225 + 0.16 + 0.04 + 0.0625 = 1.041

Now, we need to calculate X f2:
D £2 =382 4422 + 462 + 502 + 542 = 1444 + 1764 + 2116 +
2500 +2916 = 10740
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Now substituting these values into the correlation coefficient
formula:

5(91) — (2.1)(230)
VIB(1.041) — (2.1)2][5(10740) — (230)?]

Calculating the numerator:
5(1.041) = 5.205
(2.1)* =441
5(10740) = 53700
(230)* = 52000
Denominator = /(5.205 — 441)(53700 ~ 52000) = 1/(0.795)(800) = /636 ~ 25.2

Finally, calculating r:

This value indicates a strong negative correlation, which sug-
gests that as the resonance voltage increases, the resonant fre-
quency decreases. This result may warrant further investigation
into the experimental setup or data collection methods.

Analysis of Data

From the resonance curve, we can identify the peak signal in-
tensity, which corresponds to the resonant magnetic field. The
resonant frequency can be determined using the relationship:
f=guyB (7N
Where:

o fis the microwave frequency,

e gisthe Land’e g-factor,

e uBis the Bohr magneton (9.274 x 10—-24 J/T),

e B is the magnetic field strength,

* his Planck’s constant (6.626 x 10—34 J s).

Determining the Land e g-factor
To determine the Land e g-factor, we can rearrange the equation:

hfg = n,B (3)

Using the peak values from the resonance curve, we can calcu-
late g for the free elec- trons. For example, if we take the peak
magnetic field B = 130 mT and the corresponding frequency f
=9.8 GHz:

B=130x107°T
f=08x10"Hz

(6.626 x 1073 J 5)(9.8 x 10° Hz)
97 10274 x 102 J/T)(130 x 109 T)

Calculating this gives:
g~1.99

This value is consistent with the expected value for free electrons.
Limitations and Sources of Error

While the experiment yielded valuable data, several factors
could introduce errors:
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e Calibration of Equipment: Inaccurate calibration of the
magnetic field or mi- crowave frequency could lead to er-
roneous results.

e  Sample Concentration: The concentration of DPPH must
be optimized; too high or too low concentrations can affect
the signal intensity and resolution.

e Environmental Factors: Fluctuations in temperature or
external electromagnetic interference could impact the res-
onance signal.

Future Work

Future experiments could explore the ESR of different radi-
cals or materials, allowing for a broader understanding of elec-
tron spin dynamics. Additionally, advanced techniques such as
time-resolved ESR could provide insights into the kinetics of
radical formation and decay.

Conclusion

The experiment successfully demonstrated the principles of
Electron Spin Resonance us- ing DPPH. The resonance curve
was observed, and the resonant frequency was determined as
a function of the magnetic field. The Land’e g-factor for free
electrons was calculated, providing insights into the magnetic
properties of the system. The findings underscore the importance
of ESR in studying paramagnetic species and highlight its appli-
cations across various scientific disciplines.

The experiment effectively validated the core principles of
ESR, particularly the in- teraction between unpaired electron
spins and an external magnetic field. The resonance condition,
which occurs when the energy difference between the split spin
states matches the energy of the applied microwave radiation,
was clearly observed in the resonance curve of DPPH. The peak
signal intensity at a specific magnetic field strength confirmed
the theoretical predictions regarding the Zeeman effect and the
behavior of electron spins in a magnetic field. This validation re-
inforces the foundational concepts of quantum mechan- ics and
magnetic resonance, providing a robust framework for further
studies in this area.

DPPH served as an excellent model system for studying electron
spin resonance due to its stability and well-defined resonance
characteristics. The experiment demonstrated how ESR can be
utilized to characterize free radicals, which are often transient
and dif- ficult to study using other techniques. The ability to ob-
serve the resonance signal of DPPH allowed for a deeper un-
derstanding of its electronic structure and the dynamics of its
unpaired electrons. This characterization is crucial, as free radi-
cals play significant roles in various chemical reactions, biologi-
cal processes, and material properties. The insights gained from
studying DPPH can be extended to other radicals, enhancing
our understanding of their behavior and implications in different
contexts.

The calculation of the Land’e g-factor for DPPH, which yielded
a value of approxi- mately 1.99, is a significant outcome of this
experiment. The g-factor is a critical pa- rameter that character-
izes the magnetic properties of electrons and provides insights
into the electronic environment surrounding the unpaired elec-
trons. The close alignment of the calculated g-factor with the
expected value for free electrons indicates that DPPH behaves
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similarly to free electrons in terms of its magnetic properties.
This finding not only reinforces the reliability of the experimen-
tal methodology but also highlights the po- tential of ESR as
a tool for investigating the magnetic characteristics of various
materials.

The successful application of ESR in this experiment opens
avenues for future research in several directions. One potential
area of exploration is the study of other free radi- cals and para-
magnetic species, which could provide further insights into their
electronic structures and dynamics. By expanding the range of
materials studied using ESR, re- searchers can gain a more com-
prehensive understanding of the role of unpaired electrons in
chemical reactions, biological systems, and material properties.

Additionally, advanced techniques such as time-resolved ESR
could be employed to investigate the kinetics of radical forma-
tion and decay. This approach would allow for the observation
of transient species that are often challenging to study with tra-
ditional methods. Understanding the dynamics of free radicals is
particularly important in fields such as biochemistry and phar-
macology, where radical species can have significant impli- cat-
ions for cellular processes and drug interactions.

The implications of ESR extend beyond the study of free radi-
cals. The technique has applications in various fields, including
materials science, where it can be used to characterize defects in
solids and understand magnetic properties. In biology, ESR can
provide insights into the role of free radicals in oxidative stress
and their impact on cellular health. The versatility of ESR as a
tool for investigating a wide range of materials and phenomena
underscore its importance in advancing scientific knowledge.

Moreover, the integration of ESR with other spectroscopic tech-
niques, such as Nuclear Magnetic Resonance (NMR) or Fouri-
er Transform Infrared Spectroscopy (FTIR), could yield com-
plementary information about the systems under study. This
multi-faceted approach would enhance the depth of analysis and
provide a more comprehensive under- standing of the interac-
tions and dynamics of various materials.

The experiment also serves an educational purpose, illustrating
the practical applica- tion of theoretical concepts in quantum
mechanics and spectroscopy. By engaging with ESR, students
and researchers can develop a deeper appreciation for the com-
plexities of electron spin dynamics and the significance of para-
magnetic species in various con- texts. The hands-on experience
gained from conducting ESR experiments fosters critical think-
ing and problem-solving skills, which are essential in scientific
research.

Furthermore, the experiment highlights the importance of me-
ticulous experimental design and data analysis. Understanding
the sources of error and limitations in the ex- perimental setup is
crucial for interpreting results accurately and drawing meaningful
conclusions. This awareness is vital for researchers as they navi-
gate the complexities of scientific inquiry and strive to contribute
to the advancement of knowledge in their respective fields.

In conclusion, the investigation of Electron Spin Resonance us-
ing DPPH has yielded valuable insights into the principles of
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electron spin dynamics and the characterization of free radicals.
The successful observation of the resonance curve, determina-
tion of the Land’e g-factor, and validation of theoretical predic-
tions underscore the significance of ESR as a powerful tool for
studying paramagnetic species. The findings of this experiment
not only contribute to our understanding of electron spin phe-
nomena but also pave the way for future research in various sci-
entific domains.

As the field of ESR continues to evolve, the potential for new
discoveries and ap- plications remains vast. The integration of
advanced techniques and interdisciplinary approaches will un-
doubtedly enhance our understanding of the role of unpaired
elec- trons in chemical reactions, biological processes, and ma-
terial properties. Ultimately, the insights gained from ESR re-
search will contribute to the advancement of science and tech-
nology, with implications that extend far beyond the laboratory.
In summary, the experiment has reaffirmed the importance of
Electron Spin Res- onance in the study of unpaired electrons and
free radicals, highlighting its relevance across multiple scien-
tific disciplines. The knowledge gained from this investigation
serves as a foundation for future explorations into the complexi-
ties of electron spin dynamics and their implications in the natu-
ral world. As researchers continue to delve into the intricacies of
ESR, the potential for groundbreaking discoveries and advance-
ments in our understanding of matter remains boundless.
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