
Albakri et al                                 Iraqi Journal of Science, 2015, Vol 56, No.2B, pp: 1499-1512 

____________________________________________ 

*Email: sundusalbakri7a@yahoo.com 

1499 

Determination the Heating Rate and the Characteristic Age for Pulsars 

Stars 
 

Sundus A.Abdulla Albakri*, Hasanain H. Al-dahlaki, Talib Abd-Almalik 
Department of Astronomy and Space, College of Science, University of Baghdad, Baghdad, Iraq 

 

Abstract  
   Pulsar stars are rotating Neutron stars can be divided into two types Millisecond 

and Normal Pulsars. In this work the magnetic field are concentrated depends on the 

period (P), and Period derivative (P) for a sample Normal, Millisecond and Radio 

stars which adopted. In addition, the values of spin down luminosity and Heating 

rate are determined by depending on (Ostriker and Gunn) model. The results showed 

that older Millisecond define as having greater ages specified how long pulsars lives 

at that ages very long period pulsars to be observable have particularly large surface 

magnetic field. The results indicate that spin down of luminosity for Millisecond and 

Normal star must due to the main energy loss rotation axis to align with magnetic 

axis as pulsar age. In addition, the Heating rate decreases with the star’s age, beside 

Characteristic age calculated. 
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 تعيين نسبة التسخين والعمر المميز للنجوم النابضة
 

 ، حسنين حسن علي، طالب عبد الملك*سندس عبد العباس عبد الله البكري
العراق ،بغداد . قسم الفلك والفضاء، كلية العلوم، جامعة بغداد  

 
 الخلاصة

في هذا البحث . قسمين هي نوع الملي ثانية والاعتيادية إلىالنجوم النابضة هي نجوم نيوترونية دوارة تقسم    
لعينة من نجوم  (P)ومشتقة الفترة ( P)المجال المغناطيسي اعتماداً  على فترة الدورات  تأثيرتم التركيز على 

اللمعانية ونسبة التسخين بالاعتماد  ؤذلك تم تعيين قيم تباط إلى بالإضافة. والملي ثانية والراديويالاعتيادية 
النجوم من نوع ملي الثانية القديمة التكوين هي  أن أوضحتالنتائج . (Ostriker and Gunn) على نموذج 

عمر مميز حيث يمكن وصف ان هذه النجوم هي التي تملك اطول فترات زمنية دورانية نابضة  أعظمتملك 
 . حيث يمكن رصدها عملياً بمجال مغناطيسي افقي عالي

عتيادية النابضة يرجع الى خسارة بينت النتائج ايضاً ان تباطيء اللمعانية لنجوم الملي ثانية والنجوم الا   
نسبة التسخين . قدم عمر النابضتالطاقة حيث محور التدوير يميل الى ان ينطبق مع المحور المغناطيسي مع 

 .العمر المميز وكذلك تم حسابتقل مع عمر النجم 
 

Introduction  
   A neutron star is a type of stellar remnant that can result from the gravitational collapse of a massive 

star during a Type II, Type Ib or Type Ic supernova event. Neutron stars are the densest and tiniest 

stars known to exist in the universe; although having only the diameter of about 10 km (6 mi), they 
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may have a mass of several times that of the Sun. Neutron stars probably appear white to the naked 

eye [1].  

   Neutron stars are the end points of stars whose mass after nuclear burning is greater than the 

Chandrasekhar limit for white dwarfs, but whose mass is not great enough to overcome the neutron 

degeneracy pressure to become black holes.  

   Neutron stars are very hot and are support against further collapse by quantum degeneracy pressure 

due to the phenomenon described by the Pauli Exclusion Principle. This principle states that no two 

neutrons (or any other fermionic particles) can occupy the same place and quantum state 

simultaneously [2]. Born in supernova explosions, these bodies are "only" ~12-13 kilometers by radius 

and spin around as rapidly as 642 times a second or approximately 38,500 revolutions per minute.  

   A typical neutron star has a mass between ~1.4 and 3.2 solar masses with a surface temperature of 

~6 x 10
5
 Kelvin. In contrast, the Sun's radius is about 60,000 times that. Neutron stars have overall 

densities of 3.7×10
17

 to 5.9×10
17

 kg/m
3
 (2.6×10

14
 to 4.1×10

14
 times the density of the Sun) which is 

comparable to the approximate density of an atomic nucleus of 3×10
17

 kg/m
3
. The neutron star's 

density varies from below 1×10
9
 kg/m

3
 in the crust - increasing with depth - to above 6×10

17
 or 8×10

17
 

kg/m
3 
deeper inside .This density is approximately equivalent to the mass of a Boeing 747 compressed 

to the size of a small grain of sand. A normal-size of neutron star material would have a mass of 

approximately 5 billion tons as shown in figure 1 [3,4]. 

 

 
Figure 1- Represents the Cross-section of neutron star. Densities are in terms of the saturation nuclear matter 

density, where nucleons begin to touch [4]. 

 

The Difference between Millisecond and Normal Pulsars  
   At the time of the discovery of the first millisecond pulsar B1937+21 by Backer et.al. (1982), around 

350 pulsars were known. While most of these had period of around 1s, the period pf PSB1937+21 was 

a mere 1.2 ms, immediately raising the question of in what respect such object differs from long-

period pulsar. Like the original binary pulsar, B1913+16, with a period of 59 ms, it was propose that 

millisecond pulsars original in binary systems. The differences for these pulsars can be estimated by 

the following [5]:  

 Millisecond pulsar differs in evolutionary history from that of normal pulsars also differs in their 

radio emission properties and MSP spectra are significantly different from normal pulsar.  

  MSP are also slightly less luminosity and less efficient radio emitters than normal pulsars [6,7]. 

  Finally, about 80% of all millisecond pulsars found in our galactic plane are member of binary 

systems [8]. 

  MSP are rotate much faster than the Normal pulsar as the observation shows the results of the 

period time that may approach to less than 1ms [8] .  

  The surface magnetic field of MSP is much less than the Normal pulsars [9]. 

  The characteristic age of MSP is longer than the Normal pulsars because MSP consider very old 

stars.  

The Magnetic Field  
   A magnetic field is a mathematical description of the magnetic influence of electric currents and 

magnetic materials. The magnetic field at any given point is specifying by both a direction and a 

magnitude (or strength); as such, it is a vector field as shown in figure 2a and figure 2b. The term is 
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use for two distinct but closely related fields denoted by the symbols B and H, which are measure in 

units of tesla and amp per meter respectively in the SI. B is most commonly defined in terms of the 

Lorentz force it exerts on moving electric charges [10].  

   Magnetic fields are produce by moving electric charges and the intrinsic magnetic moments of 

elementary particles associated with a fundamental quantum property, their spin. In special relativity, 

electric and magnetic fields are two interrelated aspects of a single object, called the electromagnetic 

tensor; the split of this tensor into electric and magnetic fields depends on the relative velocity of the 

observer and charge. In quantum physics, the electromagnetic field is quantize and electromagnetic 

interactions result from the exchange of photons [10]. 

   The Earth produces its own magnetic field, which is important in navigation. Rotating magnetic 

fields are use in both electric motors and generators. Magnetic forces give information about the 

charge carriers in a material through the Hall Effect. The interaction of magnetic fields in electric 

devices such as transformers is study in the discipline of magnetic circuits [11]. 

 

                       
Figure 2-a- a diagram of a pulsar                                           Figure 2-b- Represents the direction          

showing its rotation axis [11].                                                 of the field at different points [10]. 

 

Basic Considerations and Equations  
   The main goal of studying the pulsars stars, is to maintain the behavior of those Unique stars for 

showing their strong magnetic field, beside the radiating signal that we have, reserved as pulses from 

this star and other factors, by taking the data of many pulsars period (P) and period derivative (P) for 

both types of normal and millisecond and applying the suitable formulae mathematical equation and 

discuss their actions. In this work, the complementary model Ostrike and Gunn (1970) considered an 

inclined the Magnetic field with the rotational axis as shown in figure 3. 

 

 
Figure 3- Represents Osttriker and Gunn Model 

 

   The main energy loss mechanism is due to the emission of magnetic dipole whose luminosity will be 

determined by the strength of the magnetic field. 
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The Magnetic Field and the Spin down Luminosity with pulsar’s Period derivative.  
   Relations can estimate the surface Magnetic field of pulsars (Bs) as [12]: 

).(10)2.3( 19 GppBs                                                          (1) 

According to alven notation [12], the magnetic field is given by the relation: 

2

1

2

3
]sin31[ 

r

a
Bs                                                               (2) 

Where   is given by: 

 
2

1
                                                                                

   This relation represents the first approximation of the magnetic dipole. 

The dipole moment of this field is [12,14]: 
3BRa                                                                                        (3) 

Where: P :Pulsar's period 

           p : Pulsar's period derivative 

            B: the magnetic field induction produced a current density at some point. 

            : the latitude 

            r: is the vector that directed from point of integration  

            R: radius of pulsar. 

            θ: the angle between magnetic field axis and rotation axis 

   The Spin down Luminosity or Loss Rotation Energy (Lsp) mathematical equation as follow in (4) 

relation; 

Lsp=    
3

.
24 PPI  (erg/s)                                                             (4) 

Where I= The pulsar's moment of inertia   ~10
45

 g cm
2

  

The heating rate (Eh) of pulsar can be find from equation (5),[11]. 

Eh= 3
.

24 PPIf                         (erg/s).                                       (5) 

Where f value is given by from equation (6); 

f= Eh/Erot= 
mP

P
1                                                                         (6) 

mP  value ~   (1…….2) 

In addition the relation (7) below can represent the Characteristic Age ( c   ); 

c =
.

2/ PP   (years)                                                                          (7) 

The Rotation Energy of Pulsar star (Erot) is represent by equation (8). 

PPIfErote

.
24                                                                             (8) 

Moreover, the spin down age (T) estimated from the following equation [12]: 

p

p
T


                                                                                              (9) 

The counting spinning times of pulsars around its axis is given by equation as [12]: 

)(* spinsppSpin                                                                           (10) 

Calculations and results 

For gamma, x and optical normal pulsars. 

   The values and surface magnetic field were be calculated by using equation (1) as estimated in table 

1 [13]. 

   According to the relation that had been showed between (Bs) and (P) that, the (Bs) at the smallest 

amount of (P) goes to the maximum value after values of (Bs) less in sharply and that indicates that 

stars in those period are young and have a strong magnetic field. 
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   After that sharping decrement the (Bs) raise again gradually as the period increased as shown in 

figure 4. 
Table 1- Represents the calculated values of surface magnetic field for adopted sample of normal pulsars are 

illustrate related to observation of period and derivative period [13]. 

PSR COMMENT 
Period 

(ms)[14] )1^.(

150.1*





ss

ep
 

[14] 

B*1.0e+13 

(G) 

BO351+21 Crab 33.40 420.96 0.3794 

B0833-45 Vela 89.29 124.67 0.3376 

J0205+6449 3C58 65.67 193.52 0.3607 

J2229+6114 G106.6+2.9 51.62 78.27 0.2034 

J1617-5055 Near RCW 103 69.66 136.05 0.3115 

B0633+17 Gemini 237.09 10.97 0.1632 

B1706-44 In G3431-02.3 102.45 93.04 0.3124 

B1509-58 In MSH 15052 150.23 1540.19 1.5393 

B1951+32 In CTB 80 39.53 5.85 0.0487 

J1930+1852 In G54.1+0.3 136.85 750.20 1.0253 

J1811-1926 In G11.2-0.3 64.67 44 0.1707 

B61046-58 Vela twin 123.65 95.92 0.3485 

B1259-63 Be-star/bin- 47.79 2.27 0.0333 

J0537-6909 In N157B/LMC 16.11 51.24 0.0919 

J1420-6048  68.18 82.85 0.2405 

B1823-13 Vela like 101.45 74.95 0.2790 

B1800-21 G8.7-0.1 133.61 134.32 0.4287 

B1929+10  226.51 1.16 0.0519 

B0656+14 Cooling NS 384.87 55.03 0.4657 

B0540-69 In N158A.LmC 50.39 479.06 0.4972 

J1105-6107  63.19 15.80 0.1011 

B0950+08  253.06 0.23 0.0244 

B1610-50  231.60 492.54 1.0808 

J058+2817 In G180.0-1.7 143.15 3.66 0.0732 

B1055-52 C<ooling NS 197.10 5.83 0.1085 

B0355+54  156.38 4.39 0.0838 

B2334+61 G114.3+0.3 495.24 191.91 0.9865 

B0823+26  530.66 1.72 0.0967 

 

 
Figure 4- Represents the relation between surface magnetic field (Bs) and the period (p) for normal samples. 
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   The spin down luminosity values calculated by using equation (4) as illustrated in table 2. Figure 5 

showed the relation between the surface magnetic field (Bs) and the spin down luminosity (Lsp), as 

long as the surface magnetic field (Bs) increased the Spin down Luminosity (Lsp) increase too, from 

this leads to conclude that when the star has strong magnetic field (Bs) the value of Spin down 

Luminosity (Lsp) strong and that will increase the losing energy and go slow in rotation.  

 
Table 2- Represents the calculation values of The Spin down Luminosity with respect to the surface magnetic 

field for normal samples. 
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Figure 5- Represents the relation between The Spin down Luminosity and surface magnetic field for normal 

samples. 

 

   The values of heating rate (Eh) were be calculated by using equation (5) as illustrated in table 3.   

   Figure 6 showed that the heating rate (Eh) values increase with the magnetic field. This behavior due 

to the affecter of factor (f) in equation (6). This leads to the proving that the direction proportionality 

between the heating rate and star period. 

  
Table 3- Represents the values of the period, surface magnetic field & heating rate for normal samples. 

 
 

 
Figure 6- Represents the relation between the magnetic field and heating rate for normal samples. 
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   The values of the Characteristic Age (τc) are calculated by using equation (7) as illustrated in       

table 4. The relation between the Characteristic Age (τc) and the period (P) is shown in figure 7. The 

results showed that the pulsars with period (1-3) s may be have maximum values of the Characteristic 

Age (τc). This due to the mechanism of losing energy of pulsars with these periods. Figure 7 showed 

that the relation between the Characteristic Age (τc) and the period (P) has the same behavior as the 

surface magnetic field (Bs) with the period (P). 

 
Table 4- Represents the calculated values of the Characteristic Age with the period and period derivative for 

normal samples. 
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Figure 7- Represents the relation between the period and the Characteristic Age for normal samples. 

 

     Finally, the relation between the spin down luminosity and the spins of pulsar to obtain the losing 

energy of pulsar as follow in figure 8. 

 
Figure 8- Represents the relation between spin and spin down luminosity form normal samples. 

 

   As noticed from figure 8, as long as the spins increases the spin down luminosity increases too, so 

from this this figure indicates the losing energy from the spinning motion of the star around its axis. 

For gamma, x and optical MSP Pulsars. 

   Table 5 illustrates the calculated values of (Bs) for MSP samples, which adopted at different values 

of period and period derivative by equation (1) as [14]. Figure 9 shows the relation between (Bs) and 

the period (P) is the (Bs), this figure shows as the period (P) of star increase the surface magnetic field 

(Bs) increase too but in smooth increasing unlike the normal pulsars of the same relation. 

 
Table 5- Represents the calculated values of surface magnetic field for adopted sample of MSP pulsars are 

illustrate related to observation of period and derivative period [14]. 
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Figure 9- Represents the relation between surface magnetic field (Bs) and the period (p) for MSP 

 

   The calculated values of the spin down luminosity (Lps) from equation (4) are given in table 6. 

      Table 6 illustrates that the values of (Lsp) of MSP is less than the values in the normal pulsar. The 

relation between (Bs) and (Lsp) shows a big rising as ((
1010*20 G)) in the first interval, which 

indicates high losing energy from the continuous rotation, after that the (Lsp) start to rise up gradually 

like the behavior of Normal as shown in figure 10. 

 
Table 6- Represents the calculated values of The Spin down Luminosity with respect to the surface magnetic 

field of MSP samples. 
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Figure 10- Represents the relation between The Spin down Luminosity and surface magnetic field for MSP 

samples. 

 

   Table 7 shows the calculated values of heating rate (Eh) for MSP by equation (5). To study the more 

about MSP’s behavior and compare it with Normal samples, the figure 11 shows the relation between 

(Bs) and (Eh), and as noticed the same behavior as in figure 6 which explain the losing energy because 

of the age and the speed rotation. 

 
Table 7- Represents the values of the period, surface magnetic field & heating rate for MSP samples. 
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Figure 11- Represents the relation between the magnetic field and heating rate for MSP samples. 

 

   Table 8 represent the calculation of Characteristic Age (τc) of MSP’s sample by equation (7). The 

relation between Period (P) and the Characteristic Age (τc) was illustrated in figure 12. The pulsars 

with periods (5-15) s have large Characteristic Age (τc) as in the figure 12 and shows the same 

behavior as in the Normal pulsars but the MSP is older than the normal due the fast rotation and the 

mechanism of rotation. 

 
Table 8- Represents the calculated values of the Characteristic Age and with the period and period derivative for 

MSP samples. 
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Figure 12- Represents the relation between the period and the Characteristic Age for MSP samples. 

 

Conclusions 

 The older Millisecond pulsars defined as having greater ages because P/Ṗ specifies how long pulsar 

lives at that age. 

 The results indicated that luminosity of pulsars must decline with age, also the luminosity must 

also depends upon some negative power of period. 

 The maximum values of M.F strength will be at high values of period for pulsars. 

 The heating rate will decrease with age that’s due to the main energy loss mechanism is M.F 

radiation. 
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