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 الكلمة الافتتاحية،، 

‌ورحمة‌الله‌وبركاته،،‌‌‌لام‌عليكم‌الس

‌‌‌،‌نحمده‌سبحانه‌على‌كل‌عمل.‌كل،‌وبه‌نستعينعليه‌نتو

‌أعزائي‌القراء‌والمهتمين‌بالمعرفة‌والعلم،‌

العدد‌العاشر‌من‌مجلة‌"روافد‌المعرفة"،‌الصادرة‌عن‌كلية‌العلوم‌‌‌‌بحمد‌الله‌وتوفيقه‌تم‌صدور‌

جامعة‌الزيتونة.‌إن‌ھذا‌الإصدار‌الذي‌نقدمه‌لكم‌يعكس‌التفاني‌والتميز‌الذي‌يتميز‌به‌فريق‌العمل‌‌ب

‌موا‌في‌إثراء‌ھذا‌العدد‌بمقالاتهم‌وأبحاثهم‌الرائعة.‌الذين‌ساھ‌باحثينوال

لتعزيز‌‌ العلمي،‌وھي‌تسعى‌جاھدة‌ العلم‌والبحث‌ لنشر‌ مهمة‌ نافذةً‌ تعد‌ المعرفة"‌ مجلة‌"روافد‌

تنوع‌‌ إن‌ المختلفة.‌ العلمية‌ بالمجالات‌ والمهتمين‌ الباحثين‌ بين‌ المعرفة‌ وتبادل‌ العلمي‌ التواصل‌

،‌‌طبيعية‌والتطبيقيةمجالات‌العلوم‌الب‌‌الاھتمام‌الكبيريعكس‌‌‌‌المواضيع‌المطروحة‌في‌ھذا‌العدد‌

‌ويعزز‌الوعي‌والفهم‌العلمي‌للقراء.‌

والمفيدة‌في‌‌‌‌يزة‌م‌في‌ھذا‌العدد‌العاشر،‌ستجدون‌مقالات‌متنوعة‌تتناول‌العديد‌من‌المواضيع‌الم

نحن‌واثقون‌من‌أن‌ھذا‌العدد‌سيثري‌ثقافتكم‌ويوسّع‌‌لذلك،‌‌و.‌‌العلوم‌الطبيعية‌والتطبيقية‌مجالات‌‌

‌آفاق‌المعرفة‌لديكم.‌

العميق‌للفريق‌الذي‌عمل‌بجد‌واجتهاد‌لجعل‌ھذا‌العدد‌‌‌ناعرب‌عن‌امتنان‌ن،‌أود‌أن‌‌نامت‌في‌ختام‌كل

الذين‌شاركوا‌معنا‌معرفتهم‌وخبراتهم.‌وأتمنى‌أن‌يكون‌ھذا‌العدد‌‌‌‌باحثين‌حقيقةً،‌وأشكر‌جميع‌ال

‌بمثابة‌نقطة‌انطلاق‌لمزيد‌من‌النجاح‌والتألق‌في‌المستقبل.‌

‌ن‌في‌انتظار‌ملاحظاتكم‌وآرائكم‌القيمّة.‌منى‌لكم‌قراءة‌ممتعة‌ومفيدة،‌ونح‌نت

‌شكراً‌لثقتكم‌ودعمكم‌المستمر.‌‌‌‌‌‌‌‌‌‌‌

‌دمتم‌بخير‌وعلم‌نافع.‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌

‌

‌ھيئة‌التحرير‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌‌
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 اشتراطات النشر في مجلة روافد المعرفة 

شره‌في‌أي‌جهة‌أخرى،‌وتتوفر‌فيه‌شروط‌البحث‌‌أن‌يكون‌البحث‌أصيلاً‌ومبتكراً‌ولم‌يسبق‌ن‌‌-‌1

‌العلمي‌المعتمدة‌على‌الأصول‌العلمية‌والمنهجية‌المتعارف‌عليها‌في‌كتابة‌البحوث‌الاكاديمية.‌

بلغة‌سليمة،‌ومراعياً‌لقواعد‌الضبط‌ودقة‌الرسوم‌والاشكال‌‌‌‌-2- إن‌‌‌‌–أن‌يكون‌البحث‌مكتوباً‌

(‌للغة‌العربية،‌‌14(‌ببنط‌)Simplified Arabic) Microsoft Wordوجدت‌و‌مطبوعاً‌بخط‌‌

‌‌35(‌للغة‌الإنجليزية،‌وألا‌تزيد‌صفحات‌البحث‌عن‌)‌‌12(‌ببنط‌)Times New Romanوخط‌)

‌(‌صفحة‌متضمنة‌المراجع‌والملاحق‌)إن‌وجدت(.‌

‌‌-‌‌‌-‌عنوان‌البحث‌باللغتين‌العربية‌والإنجليزية‌‌‌‌-‌يجب‌أن‌يشتمل‌البحث‌على‌العناصر‌التالية‌‌‌‌-3-

تن‌ نحو‌‌ملخص‌ في‌ والإنجليزية‌ العربية‌ باللغتين‌ المفتاحية‌‌‌‌‌‌125-‌‌100فيذي‌ والكلمات‌ كلمة‌

(keywords‌.بعد‌كل‌ملخص‌‌)‌

‌(‌بإصدارتها‌المختلفة.‌‌‌‌APAيتم‌توثيق‌الهوامش‌وفق‌طريقة‌الجمعية‌الأمريكية‌السيكولوجية‌)‌‌‌‌4-‌

وأن‌‌‌‌-5- الصحيحة،‌ أماكنها‌ في‌ مدرجة‌ والاشكال‌ الجداول‌ تكون‌ أن‌ العناوين‌‌يفُضل‌ تشمل‌

والبيانات‌الإيضاحية‌الضرورية،‌ويراعى‌ألا‌تتجاوز‌أبعاد‌الاشكال‌والجداول‌حجم‌حيز‌الكتابة‌‌

‌في‌صفحة.‌

مصادر‌‌‌‌-6-‌ تثبت‌ وأن‌ والمراجع،‌ المصادر‌ استخدام‌ التوثيق،‌ بدقة‌ ملتزماً‌ البحث‌ يكون‌ أن‌

‌ومراجع‌البحث‌في‌نهاية‌البحث.‌

‌ث‌وإبراز‌عناوينه‌بما‌يتناسب‌واسلوبها‌في‌النشر.‌‌تحتفظ‌المجلة‌بحقها‌في‌اخراج‌البح‌-7

ترحب‌المجلة‌بنشر‌ما‌يصلها‌من‌ملخصات‌الرسائل‌الجامعية‌التي‌تمت‌مناقشتها‌وإجازتها‌‌‌‌-‌‌‌-8-

‌على‌أن‌يكون‌الملخص‌من‌إعداد‌صاحب‌الرسالة‌نفسه.‌

ترونية‌‌(‌إلى‌مقر‌المجلة،‌ونسخة‌إلكA4ترُسل‌نسخة‌من‌البحث‌مطبوعة‌على‌ورق‌بحجم‌)‌‌-‌‌‌9

‌‌0921253199او‌على‌رقم‌الواتساب‌‌‌‌wafedalmarefa@gmail.comإلى‌إيميل‌المجلة‌:‌‌

على‌أن‌يدون‌على‌صفحة‌الغلاف‌اسم‌الباحث‌لقبه‌العلمي،‌مكان‌عمله،‌تخصصه،‌رقم‌ھاتفه‌‌

‌وبريده‌الإلكتروني.‌

لام‌‌يخطر‌الباحث‌بقرار‌صلاحية‌بحثه‌للنشر‌من‌عدمها‌خلال‌مدة‌شهرين‌من‌تاريخ‌است‌‌-10

‌البحث.‌

إلى‌‌‌‌-11 الملاحظات‌ تلك‌ ترسل‌ المحكم‌ البحث‌من‌ حالة‌ورود‌ملاحظات‌وتعديلات‌على‌ في‌

‌الباحث‌لإجراء‌التعديلات‌اللازمة‌بموجبها‌على‌أن‌تعاد‌للمجلة‌خلال‌مدة‌أقصاھا‌شهر‌واحد.‌

‌الأبحاث‌التي‌لم‌تتم‌الموافقة‌على‌نشرھا‌لا‌تعاد‌إلى‌الباحثين.‌‌-12-‌

‌تؤول‌جميع‌حقوق‌النشر‌للمجلة.‌‌‌-‌13-

 ملاحظة. 

أو   الكلية  أو  المجلة  ورة عن رأي  بالضر تعبر  تعبر عن رأي أصحابها ولا  المجلة  ي هذه 
ر

المنشورة ف البحوث 

‌الجامعة. 
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 الملخص
بروتون.   150الى    140بروتون والكترون اما عدد النيترونات يتراوح من    90( حيث له  Z=94( من العناصر المشعة في سلسلة الاكتنيدات عدده الذري )Puالبلوتونيوم )

-pu 234لنظائر البلوتونيوم    من خلال هذه الورقة قمنا بتطبيق نموذج جديد منبثق من نموذج بوهر متيلسون لدراسة بعض الخصائص النووية بواسطة ظاهرة الانحناء الخلفي 

تحصل عليها ظهور انحناء خلفي واضح في بعض النوى والانوية الاخرى يكون الانحناء الخلفي بس يط. ولقد تبين من النتائج الم  244

عزم القصور الذاتي.  (،الزوجية   ،الزوجية، ) Pu234-244لنظائرظاهرة الانحناء الخلفي  ،(E- Gosطاقة جاما ): الكلمات المفتاحية

Abstract 
   Plutonium (Pu) is a radioactive element of the actinides series and has an atomic number of 94. It has ninety protons 

and electrons, but the number of neutrons is from 140 to 150. In this paper, we apply a new model through the use of 

multiple parameters extracted from the Boher Mottelson model for the explanation of some properties caused by back 

binding phenomena in Plutonium Pu240 -244 isotopes. The results showed back binding phenomena to be clear in some 

nuclei, while in another nucleus they were simple and less clear. The E-Gos curve  has been drawn as a function of spin (I). 

Keywords:  Gamma energy ( E- Gos) - back binding phenomena even- even Pu234-244 isotopes – moment of inertia. 

INTRODUCTION: 

One of the ways used to study the 

nuclear properties of nuclei is through the 

gamma energy curve (E-Gos) [1]. Which 

is used to study the transformation phases 

of nuclei from one case to another, where 

they change from a vibrational state U (5) 

to a rotational state SU (3) or unstable 

gamma O (6). Where the nuclei transition 

from a vibrational state to a rotational state 

or unstable gamma, researchers [1] have 

noted that the features of the energy levels 

change according to the number of 

neutrons from one isotope to another or at 

the high spin of the same isotope and that 

the form of the nucleus varies according to 

the selection to which the nucleus belongs 

in that state. 

In 1971, it was discovered that the 

back-binding phenomenon [2, 3] 

significantly increased the moment of 

inertia at certain angles, accompanied by a 

decrease in the rotational energy value of 

some nuclei. A lot of searchers [4,5, 6] for 

the back binding for many different 

Study some properties of even – even Plutonium Pu234-244 

isotopes 

)2024-12) روافد المعرفة ) العدد العاشر  
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isotopes provided explanations for this 

phenomenon. 

The back-binding phenomena are most 

important to clarify some properties and 

the nuclear structure by using nuclear and 

experimental results correlated with them. 

The protons and neutrons in the nuclei are 

referred to as nucleons. Numerous 

theories have been applied as the 

fundamental rule in the theoretical 

calculations to comprehend the interaction 

between nucleons, and nuclei have been 

included to fit with the experimental data 

[7]. The change in the shape of nuclei and 

properties causes transformation in energy 

cases from one situation to another. Back 

binding in levels at high spin because of 

the Coriolis force, and when increased 

rotational energy is needed to disengage 

pairs of nucleons, this disengagement 

occurs when the nucleons are moving to a 

higher orbit, causing an increase in the 

moment of inertia and a decrease in the 

energy of the level [1]. There is another 

explanation for this phenomenon, the most 

important of which is nuclei elongation, 

which causes the intersection of the beams 

to be different from the ground beams. 

THEORETICAL CALCULATION 

There are lots of ways to study nuclear 

properties, including back binding [8] 

phenomena to gamma energy [1](E-Gos), 

in specific cases. For some nuclei, there 

can be a change in properties at the 

moment of inertia, where there is a 

lowering of rotational energy as they 

transfer from a spin-up state to a lower 

state., This state results in back binding at 

values of (ℏ𝜔)2.

The relationship between(𝐸𝛾) and 

(ℏ𝜔) is given by[4,5]: 

(ℏ𝜔)2 = (𝐼2 − 𝐼 + 1)(
𝐸(𝐼) − 𝐸(𝐼 − 2)

2𝐼 − 1
)

2

Where: 

(ℏ𝜔)2 = (𝐼2 − 𝐼 + 1) (
𝐸𝛾

2𝐼−1
)
2
………(2) 

Moment of inertia (φ) and gamma 

energy(𝐸𝛾): 

ℏ2

2𝜑
=
𝐸(𝐼) − 𝐸(𝐼 − 2)

4𝐼 − 2
…… . . (3) 

This equation is expressed as follows 

[8]: 
2𝜑

ℏ2
=

4𝐼 − 2

𝐸(𝐼) − 𝐸(𝐼 − 2)
=
4𝐼 − 2

𝐸𝛾
…… . . (4) 

Plotting the gamma energy divided 

by the moment of inertia(𝑅 =
𝐸𝛾
𝐼
⁄ ) 

versus the moment of inertia (I) for 

that given energy gamma curve is an 

important way to define the properties 

in different states. where That curve 

can explain the formation of nuclei, and 

we can determine values R for the 

shape of the nucleus given by the 

relation [9,10]:         

Vibrator: 

𝑅 =
ℏ𝜔

𝐼

𝐼→∞  
→ 0………………….(5)

Rotor: 

 𝑅 = ℏ2

2𝐽
(4 −

2

𝐽
)
𝐼→∞  
→ 4

ℏ
2

2𝐽
 … . .… (6) 

𝜸-unstable:  

𝑅 =
𝐸2𝐼

+

4
(1 +

2

𝐼
)
𝐼→∞  
→ 

𝐸2𝐼
+

4
… . . (7) 

RESULTS AND DISCUSSION: 

32
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Table (1,2) included experimental 

and theoretical values for energy from 

reference [11] in columns (2,3), as well 

as the ratio energy calculated from 

Gama energy calculated from equation 

(6 - 2)[11] divided by the moment of 

inertia in column (5) for isotopes in 

reference [11]. E-GOS is a very 

important method to determine the 

nuclei's structure and define changes as 

a function of spinning, by drawing three 

selections: U (5), SU (3), and O (6) for 

pu isotopes. Shape (1) explains curve 

Gama with selections of vibrational, 

rotational, and unstable Gama. Shape 

(1) explains curve Gama with selections

of vibrator, rotor, and unstable Gama.

Plot (1) included six shapes for isotopes

Pu234–244, where we drew three

selections U (5), SU (3), and O (6) by

calculating from equations (5, 6, and 7)

the moment of inertia. The values of the

γ - soft nuclei in the EGOS curve rapidly

decrease from the maximum

value(0.07 ≥ 𝑅 ≤ 0.08) at (I = 2) to the

quartered of the first excited state

(
𝐸2
4⁄ ) at (I→∞), For rotational nuclei

that increase slowly from (R=0.02)  at 

(I = 2) to (R=0.029) at (I = 4) and back 

down to value (R = 0.02)  before 

decreasing to (4
ℏ2

2𝐽
) at (𝐼 → ∞), for 

vibrational nuclei curve drop slowly 

from the highest value (R=0.01) at (I = 

2) to (0) at (𝐼 → ∞), and the curve

values of R for Pu isotopes that increase

slowly from (R=0.02)  at (I = 2) to

(R=0.029) at (I = 4) and back down to 

(R = 0.02), and when compared with

other selections, found that they apply

with rotational selection. Figure (1)

includes Pu isotopes, where The Pu234

isotope has a Ratio maximum energy

value near (0.0261) and decreases to

(0.0178) in the moment of inertia (I =

28), Pu isotopes, the Pu236 isotope has  

Ratio maximum energy values near 

(0.0263) and decreases to (0.0232) in

the moment of inertia (I = 16), the Pu238

isotope has Ratio maximum energy

values near (0.0263) and decreases to

(0.021) in the moment of inertia (I =

26), the Pu240 isotope has Ratio

maximum energy values near (0.0252)

and decreases to (0.0200) in the 

moment of inertia (I = 26), the Pu242

isotope has Ratio energy maximum

values near (0.0266) and decreases to

(0.0198) in the moment of inertia (I =

26) and the Pu244 isotope has  Ratio

energy maximum values near (0.0287)

and decreases to (0.023) in the moment

of inertia (I = 26), And also from

drawing relationships between the

momentum of inertia and Gama energy

calculated from equations (4,5) to

study the backbinding phenomena set

out in tables (2, 3). Figure 2 shows the

backbinding phenomenon for Pu

isotopes. In the Pu234 plot, it is clear that

the curve is descending at (I = 16) and

rising again at (I = 26). Pu238 occurs as

a simple curvier in (I = 12), then rises

in (I = 14), and finally bends downward

33
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in (I = 26). Pu240 explains a simple 

curve in (I = 6) and I = 14, then a 

downward curve in (I = 14), another 

upward curve at (I = 20), and finally a 

downward curve at (I = 26). The curve 

of pu244 shows a drop at (I = 4), then 

rises at (I = 14), and finally drops at (I 

= 22). As for the pu236 and pu242 

isotopes, there is no back binding, as 

shown in Figure (3). Figure (4) explains 

the relationship between Gama energy 

calculated from equation (1) and 

moment of inertia, and from this figure, 

it appears that when the moment of 

inertia increases, the Gama energy 

increases. 
Table (1): Calculation of energy levels moment 

of inertia and rotation energy transition of model: 

Table (2): Calculation of energy levels moment 

of inertia and rotation energy   transition of model: 

Table (3): Calculation of energy levels moment 

of inertia and rotation energy Transition of model:

34
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Figure (1): The relationship between moment of inertia (I) vers Ratio(
𝐸𝛾
𝐼
⁄ )Comparison  

with different selections for isotopes Pu.

Figure 2: The back-bending plots of (
2𝜑

ℏ2
⁄ )versus (ℏ𝜔)2for Pu234-238-240-242 isotopes

35
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Figure (3): The back binding plots of (
2𝜑

ℏ2
⁄ )verses  (ℏ𝜔)2for Pu236-242 isotopes.

Figure (4): The relationship between the moment of inertia (I) with(𝐸Υ)

36
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CONCLUSION: 

    The Gama curve is considered an 

important way to know the properties of 

even-even        Pu234–244 isotopes, and using 

the Gama curve (E-Gos) to study isotopes 

by using the relationship between the 

moment of inertia (I) and selections U (5), 

SU (3), and O (6)) of states, by 

comparison between selections, the results 

in this paper show us that all the Pu 

isotopes take a rotational selection. While 

back binding phenomena appear to be 

clear in Pu240 and Pu244 isotopes, we get 

more curvature back binding in Pu238 and 

Pu234 isotopes, this reason belonging to the 

“Corielis ant pairing effect”, the Corielis 

force [12,13] is caused by the fact that 

some nucleons in the outer shell have a 

relatively high angular momentum, which 

leads to the disengagement of a pair or 

more nucleons, leading to a change in 

some properties. As for the isotopes Pu242 

and Pu236, they do not suffer any curvature 

or back binding appearance, which means 

that there is no effect of moment of inertia 

on the nuclear structure of these nuclei. 
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