
Chapter 6 

Conclusions 

In this thesis we have addressed problems concerning the shape of radio pillsar emission 

beams, evolution of multipolar magnetic fields in isolated neutron stars as well as t,he 

effect of rnagnetic multipoles on the polarization characteristics of pulsar radio emission. 

We have also studied the scattering of pulsed radio signals due to  the irlhomogeneties 

in the interstellar medium. The main conclusions of our study are as follows: 

(a) From our analysis of the shape of radio pulsar beams, we find that  the beams 

follow a nested cone structure with a t  least three distinct cones of emission, although 

not all cones may be active in a given pulsar. 

The ernission cone is found to  be illuminated in the form of an annular ring of width 

typically about 20% of the cone radius. 

The shape of the beam is found to  he independent of the pulse period ( P ) .  The 

overall size of the beam scales as P-O.%s expected from the notion of dipolar field 

lines. 

(b) Oiir investigation of the evolution of multipolar magnetic fields in isolated neu- 

tron stars sl~ggest that except for mult,ipoles of very high order (12 25) the evolut,ion 

would 11e similar to  that  of a dipole. If the illumination pattern of tho pulse emis- . 
sion cone is determined by magnetic mllltipole structures, then no significant evolution 

is expected in the pulse shape of isolated radio pulsars due to  the evolution of the 

rni~ltipole structure of the magnetic field. 

( c )  Existence of strong multipolar components of the magnetic field in the region 



whorc. pi~lsar  radio emission originat,es can give rise to kinks in the sweep of t,he positiori 

angle of the linearly polarized radiation through the pulse. This eff'ect is expected 

to  result in a frequency dependence of the shape of the position angle sweep curve. 

Using high-resolution polarization observations a t  several frequencies, we investigate 

this efTect for PSR B0329+54. We do find evidence of a frequency dependence of the 

position angle sweep curve, and of kinky features a t  high frequencies (> 2.7 GHz) 

wl i id~ could be attributed to  the presence of a t  least a quadrupolar component of the 

rnagrietic field a t  the emission region. 

(d) We report measurements of scatter broadening (rS,) of 48 pulsars a t  327 h4Hz 

using t,hc Ooty Radio Telescope. We significantly improve on the available set of T,, 

rneasurements for pulsars with dispersion measure ( D M )  in the range 100 to  250 pc 

crn-'. The observed correlation between r,, and DAI is found to follow that  expected 

from a Kolmogorov spectrum of irregularities, but only a t  DM < 100 pc ~ m - ~ .  At 

higher DAds significant departures from this are observed. Our measl~rements of T,, 

for pulsars in the direction Gum Nebula suggest that a portion of the nebula, known 

as the IRAS Vela shell, is characterized hy a different fluctuation parameter compared 

to the rest of the nebula. 



Bibliography 

[I] Alpar A., Cheng K. S.& Pines D., 1984a, ApJ, 276, 325 

[2] Alpar A., Anderson P., Pines D. & Shaham J ,  1984b, ApJ, 282, 791 

[3] Alurkar, S.K., Slee, O.B. & Bobra, A.D. 1986, AJP, 39, 433. 

[4] Anderson P. & Itoh N., 1975, Nature, 256, 25 

[5] Arendt, P. N. & Eilek, 3. A., 1999, ApJ, preprint. 

[6] Aroris J . ,  1993, ApJ, 408, 160 

[7] Arons J . , 1998, Neutron Stars and Pulsars, University Academy Press, Tokvo, 

Edited by Shibazaki N., Kawai N., S. Shibata & Kifune T., astro-ph/9802198 

[8] Baacle W. & Zwicky F., 1934, Proc. Nat,. Acad. Sci., 20, 259 

[9] Backer D. C., 1976, ApJ, 209, 895 

1101 Backer D. C. & Rankin J .  M., 1980. Ap.JS., 42, 143 

[ll] Barnard J .  J .  & Arons J.,  1982, Ap.J, 254, 713 

[12] Bartel N., Morris D., Sieber 1.V. Pc Hankins T. H., 1982, ApJ, 258. 776 

[13] Bavtn G., Petliick C. & Sutlierland P., 1971, Ap.1, 170, 299 

[14] Belirrnan, K. P., 1973, Ap. & Space Sci., 20, 27 

[15] Beskin V. S., Gurevich A. V. & Isotmin Ya. N., 1988, Astroph. Space Sci., 146, 

205 



[ l G ]  Brskiri V. S., Gurcvicli A. V. lk Istotrriiri Y;L. N., 1993, Ph?ystcs of th,e Pulsar 

Mi,!lr,eto.splrere, Carribri<lge Ur~iversity Prcss, Cani1)ritlgc 

[17] Bliat,tacharya D. & Shukre C. S., 1985, J .  Astro. Astx., 6, 233 

[18] Bliat, tacliarya D., 1987, P1i.D. thesis, Indian Institute of Science, B;i.ngalore 

[19] Bhattacharya D., 1992, Magnetospheric Structure and Emission Mecha,nics of Ra- 

dio Pulsars, Edited by T. H. Hankins, J. M. Rankin, and J. A. Gil. Pedagogical 

U~iiv.  Press 

[20] Bliattacharya D., Wijers R. A. M. J. ,  Hartman .J. W. & Verbunt F. 1992, A&A, 

254, 198 

[21] Bliattacharya D. & Datta B., 1996, MNR.AS, 282, 1059 

[22] Biggs, J .  D., 1990, M.N.R.A.S, 245, 514. 

[23] Bjiirnsson, C-I., 1998, A&A, 338, 971. 

[24] Blandford R. D., Applegate J .  H. & Hernquist L. 1983, MNRAS, 204, 1025 

[25] Blaskiewicz, M., Cordes, J .  M. & \4Tasserman, I., 1991, Ap.J, 370, 643. 

[26] Bogovalov S. V., A&A, 1997, 327, 662 

[27] Branclt, J .  C., Stecher, T. P., Crawford, D. L. & hlaran, S. P., 1971. ApJ. Let,t,ers, 

163. L99 

[28] Clianot, A. & Sivan, .J. P., 1983, A&A, 121, 19 

[29] Clierig A. F. & Ruderrnari 1'4. A., 1977, Ap.J, 212, 800 

[30] C:ortlt+s .J.M., Weisberg, .J.M. & Boriakoff V. 1985, ApJ, 288, 221 

[31] Cortles .J. M., R.ankin .J. All. & Backer D. C.,  1978, 223, 961 

[32]  D(~s1iparide A. A. & R,arikin J. hI., 1098, BAAS, 193, 93.06 

1331 Deslipande A. A. 81 Ramachandran R, 1998, MNRAS, 300, 577 



[34] Deslipande A. A. & Rankin J .  M., 1999, Ap,J. Let,ters, preprint 

[35] Drake F.  D. & Craft H. D., 1968, Nature, 220, 231 

[36] Flowers E. G., Ruderman M. A., Lee .I.-F.,Sutherland P. G., Hil l~hrandt  W, & 

Miiller, 1977, ApJ, 215, 291 

[37] Gangadhara. R. T. & Lorimer L. D., 1999, lgth Meeting of Astro. Soc. India., 

poster present ation 

[38] Geppert U.& Urpin V. A., 1994, MNRAS, 271, 490 

[39] Gil J. A., 1981, Acta phys Polonicae, B12, 1081. 

[40] Gil .J. A., Gronkowski, P. & Rudnicki, W., 1984, A&A, 132, 312. 

[41] Gil .J. A. & Kijak J., 1993, A&A, 272, 563 

[42] Gil .J. & Lyne A., 1995, MNRAS, 276, L55 

[43] Gil, .J. A., & Han. J .  L., 1996, ApJ, 458, 265. 

1441 Gil, J .  A., Kijak, J. & Seiradakis, J .  H., 1993, A&A, 272, 268. 

[45] Gil, J. A. & Krawczyk. A., 1996, M.N.R.A.S, 280, 143. 

[46] Gil, J .  A. & Krawczyk. A., 1997, M.N.R.A.S., 285, 561. 

[47] Gil J. A., Snakowski J .  K. & Stinebring D. R., 1991, A&A, 242, 119 

1481 Gil, J .  A., & Cheng. K. S., 1999, preprint. 

[49] Goltl T., 1968, Nature, 218, 731 

[50] Goltlreich P., ,Julian W. H., 1969, ApJ, 157, 869 

1511 Goltlstein H., Classical Mechanics, 1980, Adison Wesley. 

[52] Go~ild,  M. & Lyne, A. G., 1998, M.N.R.A.S, 301, 235. 

[53] Gudmundsson E. H., Pethick C. J .  8t Epstein R. .J., 1983, ApJ, 272, 286 



[54] C;IIIII, C:. S., 1952, Obscrvatorv, 72, 151 

[55] Crilrri, C. S., 1952, Observatory, 76, 150. 

[56] Gwinn, C. R., Bartel, N. & Cordes, .J. M., 1993, Ap.J, 410, 673 

[57] Hartrnan J .  W.,  Verbunt F., Bliatt,acl~arva D. & Wi.jers R. A. M. .I.: 1997, A k A ,  

322, 477 

[58] Hall A.N. 1980, MNRAS, 191, 739. 

[59] Helfarid D. J . ,  Manchester R. N. & Taylor ,J. H., 1975, ApJ, 198, 661 

[60] Hewish A., Bell S. J . ,  Pilkington .J. D. H., Scott P. F. Ri Colliils R .  A., 1968, 

Nat,~lre, 217, 709 

[GI] Hillebrandt W & Muller, 1976, Ap.1, 207, 589 

[62] Itoh N., Mitake S., Iyetomi H. & Icliimari~ S., 1983, Ap.J, 273, 7741 

[63] It,oli N., Kohyama Y., Matsumoto N. & Seki M., 1984, ApJ, 285, 758 

[64] .J;lc.l<son ,J. D., 1975, Classical Electrodynamics, 2nd ed., John I'Vilcy & Sons 

[65] Joss P. C. & Rappaport, S. A., 1976, Nat,l~re, 264, 219 

[GG] I<iq)oor R. C. & Sliukre C. S., 1998, Ap.7, 501, 228 

[67] I(n~)alii, V. M., Damle, S. H., Balas~~bramanian, V. & Swarup, G.. 1975, J .  IETE, 

21, 117 

[GS] Iioiriessaroff hI. hlI., 1970, Nat,ure, 225, 612 

[G9] I(ollar S., 1997, Ph.D. thesis, Indian Instit,ute of Science, Bangalore 

[70] I<onar S. & Bhat,tacharya D., 1997. AINRAS, 284, 311 

[71] 1ioil;lr S. & Bhett,acharya D., 1999, MNRAS, 303, 588 

[72] I<iissel, Wol f~r  R .  G.,  hiluller & I-Iillcbrandt R7., 1988, A&A, 206, 204 



[73] Kramer M., Wielebinski R., Jessner A., Gil J .  A.& Seiradakis J .  H., 1994, A&AS, 

107, 515 

[74] Krarner M., 1994, A&A, 107, 527 

[75] Krolik .J. H., 1991, ApJ, 373, L69 

[76] Krarner M., P11.D. Thesis, 1995 

[77] Kramer M., Xilouris K.M., Jessner A., Lorimer D.R., Wielebinski R.. & Lyne A.G., 

1997, A&A, 322, 846 

[78] Kramer, M., Wielebinski, R., Jessner, A., Gil, .J. A. & Seiradakis, .J. H., 1994, 

A&A, 107, 515. 

[79] Kuzmin A. D. & Dagkesamanskaya I. M., 1983, Soviet Astr. Letters, 9, 80 

[80] Large M. I. & Vaughan A. E., 1971, MNRAS, 151, 277 

[81] Lang K. R., 1971, ApJ, 164, 249 

[82] Lee L. C. & Jokippi J .  R., 1975, ApJ, 201, 532 

[83] Lorimer D. R., Yates J .  A., Lyne A. G., Gould D. M., 1995, MNR,AS,'273, 411 

[84] Lyne A. G. & Graham-Smith F., 1998, P~rlsar Astronwmy, 2nd etl., Cambridge 

University Press 

[85] Lyne, A. G. & Manchester, R. N., 1988, M.N.R.A.S, 234, 477. 

[86] Malofeev V. hI., Gil ,J. A., Jessner A., Malov I. F., Seiradakis J .  H. & Sieber W., 

1994, A&A, 285, 201 

[87] Manchester & Taylor J.  H., 1977, Pulsars, Freeman, San Francisco Wielebinski 

R.., 1994, A & A, 285, 201 

[88] M(:Connell, D., Ables, J .  G., Bailes, M. & Erickson, W. C. 1996, MNRAS, 280, 

33 1 



[89] M(.kinno~i M. hI. & Hankins T .  H., 1992, Mn,qneto.splterir: S t r~~,c turr  r ~ r d  Emission 

Meclranics of Radio Pulsars, Editetl by T .  H. Hankins, J .  M. Rankin, and J .  A. 

Gil. Pedagogical Univ. Press 

[9O] Melzer D. W., Thorne K. S., 1966, Ap.7, 145, 514 

1911 Mic.11el F .  C., 1987, ApJ, 322, 822 

[92] Miislimov A. G. & Tsygan, 1992, MNRAS, 256, 261 

[93] Mul<herjee S. & Kembhavi A., 1997, ApJ, 489, 928 

194) Narayan R. & Vivekanand M., 1982, A&A. Letters, 113, L3 

[95] Narayan, R. & Vivekanand, M., 1983, Astron. Astrophysics, 122,  45. 

[96] Negele J .  W.  & Vautherin D., 1973, Nucl. Phys. A, 207, 298 

[97] Oppe~lheimer .J. R. & Volkoff G. M., 1939, Pllys. Rev., 55, 379 

1981 Oster, L. & Sieber, W., 1976, Ap.J, 210, 220. 

[99] Page D. & Sarmiento A., 1996, Ap.1, 473, 1067 

[I001 Pacini F.,  1968, Nature, 219, 145 

[101] Press W. H., Teukolsky S. A., Vellerling W. T .  & Brain P. F.,  Numr~rical Recipes 

in, Fortran, 1986, Cambridge University Press, Cambridge 

[I021 R aclliakrishnan V., 1992, Magnetospheric Str~rcture and Emission h4echanic.y of 

Rnd~:o Pulsars, Edited by T .  H. Hankins, .J. 111. Rankin, and J. A. Gil. Pedagogical 

L J ~ l i v .  Press 

[I031 Ri~tlliakrish11a1i, 1'. & Cooke, D. .I., 1969, Ap. Lett,ers, 3, 225. 

[104] R.;~cIhakrish~ian V. & Rankin J. ,  1090, 352, 258 

[I061 R;~rnachandran, R .  & Deshpande -A. A., 1997, private commiinication 



[I071 Rankin, J .  M., 1983a, ApJ, 274, 333. 

[108] Rankin, J .  M., 1983b, ApJ, 274, 359. 

[log] Rankin J. M., 1986, ApJ, 301, 901 

[I101 Rankin, J. M., 1990, ApJ, 352, 247. 

[ I l l ]  Rankin, J. M., 1993a, ApJ, 405, 285. 

[I121 Rankin, J. M., 1993b) ApJS, 85, 145. 

[I 131 Rankin J., 1999, private communication 

[I141 Rankin J .  M. & Deshpande A. A., 1998, BAAS, 193, 41.08 

[I151 Rankin J. M. & Rathnasree N., 1995, JAA, 16, 327 

[I161 Rankin, J .  M. & Rathnasree, N., 1997, JAA, 18, 91. 

[I171 Rathnasree N. & Rankin J. M., 1995, 452, 814 

[118] Reynolds, R. J., 1976a, ApJ, 203,151 

[I191 Reynolds, R. J.,  1976b, ApJ, 206,679 

[I201 Richards D. W. & Comella J. M., 1969, Nature, 222, 551 

[I211 Rickett, B.J. 1977, ARAA, 15, 479. 

[I221 Rickett, B.'J. 1990, ARAA, 28, 561. 

[123] Ruderman M., 1976, ApJ, 203, 213 

[I241 Ruderman M., 1991a, ApJ, 366, 261 

[I251 Ruderman M., 1991b, ApJ, 382, 576 

[I261 Ruderman M., 1991c, ApJ, 382, 587 

[I271 Rliderman M. & Sutherland P. G., 1975, ApJ, 196, 51 



[I281 Ruderman M. & Sutherland P. G., 1973, Nature Phys. Sci., 246, 9.3 

[I291 Riirnsey V. H., 1975, Radio Science, 10, 107 

[I301 Roberts, J .  A. & Ables, J .  A., 1982, MNRAS, 201, 1119 

[131] Romani, R.W., Narayan, R. & Blandford, R. 1986, MNRAS, 220, 19. 

[I321 Sahu, M. S., 1992, Ph.D. Thesis, University of Groningen 

I1331 Sang Y. & Chanmugam G., 1987, ApJ, 323, L61 

[I341 Sarrna, N. V. G., Joshi, M. N., Bagri, D. S., & Ananthakrishnan. S., 1975a. J .  

IETE, 21, 110 

[I351 Sarma, N. V. G., Joshi, M. N.& Ananthakrishnan S., 1975b, J.  IETE, 21, 107 

[I361 Scheuer, P. A. G. 1968, Nature, 218, 920. 

[I371 Seiradakis J .  H., 1998, priva,te communications 

[I381 Sclvanayagam, A. J . ,  Praveenkumar, A., Nandagopal, D. & Vellisamy, T.  1993, 

IETE Tech. Rev., 10, 333. 

[I391 Sivan, J .  P., 1974, Astr. Astrophys. Suppl., 16, 163 

I1401 Slattery W. L., Doolen G. D. & Dewitt H. E., 1982, Phys.Rev., A26, 2255 

[I411 Sokolov A. A. & Ternov I. M., 1986, Synchrotron Radiation, New York, Pergamon 

[142] Srinivasan G., Bhattacharya D., Mlislimov A. G. & Tsygan A. I., 1990, Curr. 

Sc., 59, 31 

[I431 Stinebring D. R., Cordes J .  M., Rankin ,J. M. & Boriakoff V., 1984, ApJS, 55, 

247 

[I441 Siitton, J.M. 1971, MNRAS, 155, 51. 



[I451 Swi~rup, G.,  Sarma, N. V. G., Joshi, Ad. N., Kapahi, V. K., Bagri, D. S., Damle, 

S. H., Ananthakrishnan, S., Balasnhramanian, V., Bhave, S. S. & Sinha, R. P., 

1971, Nature Phys. Science, 230, 185 

[146] Shier L. M., 1992, Magnetospheric: Struct~ire a,nd Emission Mecl~.nnics of Rndio 

Pul.sars, Edited by T. H. Hankins, ,J. M. Rankin, and J .  A. Gil. Pedagogical Univ. 

Press 

[I471 Taylor, J.H., & Cordes, .J.M. 1993, ApJ, 411, 674. 

[I481 Taylor, J.H., Manchester, R.N. & Lyne, A.G. 1993, ApJ, Suppl. Scr, 88, 529 

[I491 Thorsett, S., 1991, ApJ, 377, 263. 

[I501 Tri~mper J., Pietsch W.,  Reppin C., Sacco B., Kendziorra E. & Staubert R., 

1977, Ann. Ny. Acad. Sci., 302, 538 

[151] Urpin V. A.& Geppert U., 1995, MNRAS, 275, 1117 

[I521 Urpin V. A.& Geppert U., 1996, MNR.AS, 278, 471 

[I531 Urpin V. A.& van Riper K. A., 1993, ApJ, 411, L87 

11541 Urpin V. A., Levshakov S. A.& Yakovlev D. G., 1986, MNRAS, 219, 703 

[I561 van R.iper K. A., 1991, ApJS, 75, 449 

[l57] Wi~llerstein, G., Silk, J .  & Je~lki~ls ,  E. B., 1980, ApJ, 240, 834 

[I581 W(.aver, R., McCray, C. T. ,  C. T. ,  Castor, J . ,  Shapiro, P. & Ahore, R., 1977, 

Ap.J, 218, 377 

[I591 We~ldell C. I<., Iran Horn H. M.& Sargent D., 1987, ApJ, 313, 284 

[I601 Wheat,on W., A., et al., 1979, Nature, 282, 240 

[I611 TVliitc N. E., Swank J .  H. & Holt S. S., 1983, ApJ, 270, 711 



[162] Wiringa R. B., Fiks V.& Fabrocini A., 1988, Phys. Rev. C, 38, 1010 NY Acad. 

Sci., 302, 538 

[163] Woltjer L., 1964, ApJ, 140, 1309 

11641 Xilouris K. M., Seiradakis J .  H., Gil J. ,  Seiber W. & Wielebinski R., 1995, A&A, 

293, 153 

[165] Yakovlev D. G.& Urpin V. A., 1980, SVA, 24, 303 


