Contents

1 Introduction 1 1.1 Compact extragalactic radio sources . . . . . . . . . . . . . . . . . . . 1 1.2 Parsec–scale regions of AGN . . . . . . . . . . . . . . . . . . . . . . . 2 1.3 3C345 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1.4 Structure of the dissertation . . . . . . . . . . . . . . . . . . . . . . . 4 1.5 Main results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 2 VLBI Observations 7 2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 2.2 Antenna performance and data acquisition . . . . . . . . . . . . . . . 7 2.2.1 Spatial coherence function . . . . . . . . . . . . . . . . . . . . 8 2.2.2 Data acquisition . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2.3 Fringe fitting and amplitude calibration . . . . . . . . . . . . . . . . . 11 2.3.1 Fringe fitting . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 2.3.2 Amplitude calibration . . . . . . . . . . . . . . . . . . . . . . 11 2.4 Imaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2.4.1 Deconvolution . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 2.4.2 Closure quantities . . . . . . . . . . . . . . . . . . . . . . . . . 13 2.4.3 Self–calibration . . . . . . . . . . . . . . . . . . . . . . . . . . 15 2.4.4 Model fitting . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 2.5 Overview of the post–correlation processing . . . . . . . . . . . . . . 21 2.6 VLBI images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 2.6.1 Introductory remarks . . . . . . . . . . . . . . . . . . . . . . . 22 2.6.2 Jet component nomenclature . . . . . . . . . . . . . . . . . . . 25 2.6.3 Observations at 22 GHz . . . . . . . . . . . . . . . . . . . . . 26 2.6.4 Observations at 8 and 11 GHz . . . . . . . . . . . . . . . . . . 47 2.6.5 Observations at 5 GHz . . . . . . . . . . . . . . . . . . . . . . 58 2.7 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 3 Jet Kinematics 71 3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71 3.2 Trajectories of the superluminal components . . . . . . . . . . . . . . 71 3.2.1 The fits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

3.2.2 Trajectories . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 3.2.3 Outer jet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 3.2.4 Intermediate jet . . . . . . . . . . . . . . . . . . . . . . . . . . 75 3.2.5 Inner jet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81 3.2.6 Component tracks . . . . . . . . . . . . . . . . . . . . . . . . 86 3.3 Kinematics of the jet . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 3.3.1 Calculation of kinematic parameters . . . . . . . . . . . . . . 89 3.3.2 Kinematic properties of the jet . . . . . . . . . . . . . . . . . 90 3.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 4 Synchrotron Spectrum of The Jet 101 4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 4.2 Spectral index mapping . . . . . . . . . . . . . . . . . . . . . . . . . . 101 4.2.1 Spectral index mapping with VLBI . . . . . . . . . . . . . . . 101 4.2.2 Spectral index mapping with the VLBA . . . . . . . . . . . . 102 4.2.3 Image alignment . . . . . . . . . . . . . . . . . . . . . . . . . 107 4.2.4 Spectral index maps . . . . . . . . . . . . . . . . . . . . . . . 109 4.3 Synchrotron spectrum of the bright components . . . . . . . . . . . . 114 4.3.1 Synchrotron spectrum . . . . . . . . . . . . . . . . . . . . . . 116 4.3.2 Correction for calibration errors . . . . . . . . . . . . . . . . . 117 4.3.3 Spectral cutoffs . . . . . . . . . . . . . . . . . . . . . . . . . . 118 4.3.4 Monte Carlo modeling . . . . . . . . . . . . . . . . . . . . . . 118 4.3.5 Analysis of multifrequency data . . . . . . . . . . . . . . . . . 120 4.3.6 Fitted spectra of the bright components . . . . . . . . . . . . 122 4.4 Continuous spectral fitting . . . . . . . . . . . . . . . . . . . . . . . . 122 4.4.1 The procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 4.4.2 The turnover frequency distribution . . . . . . . . . . . . . . . 127 4.4.3 Turnover frequency map of 3C 345 . . . . . . . . . . . . . . . . 128 4.5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 5 Long Term Evolution of The Jet 137 5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 5.2 Flux evolution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 5.2.1 Maximum flux at different frequencies . . . . . . . . . . . . . 138 5.2.2 Core and strong jet components . . . . . . . . . . . . . . . . . 138 5.2.3 C5 and C6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 5.3 Spectral properties of the jet components . . . . . . . . . . . . . . . 143 5.3.1 Evolution of the turnover frequency . . . . . . . . . . . . . . . 143 5.3.2 Turnover frequency and integrated 4–25 GHz flux . . . . . . . 144 5.3.3 Luminosity and kinematics . . . . . . . . . . . . . . . . . . . 145 5.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149

6 Interpretation Schemes 151 6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151 6.1.1 Relativistic beaming . . . . . . . . . . . . . . . . . . . . . . . 151 6.1.2 Jet formation and acceleration . . . . . . . . . . . . . . . . . 152 6.2 Selected aspects of relativistic shock models . . . . . . . . . . . . . . 152 6.2.1 Relativistic shock models . . . . . . . . . . . . . . . . . . . . . 153 6.2.2 VLBI core and ultracompact jet . . . . . . . . . . . . . . . . . 154 6.2.3 Physics of the core shift . . . . . . . . . . . . . . . . . . . . . 155 6.2.4 Spectral evolution in the plane shock model . . . . . . . . . . 156 6.2.5 Oblique shocks and plasma instabilities . . . . . . . . . . . . . 158 6.2.6 Kinematic model for a perturbed jet . . . . . . . . . . . . . . 160 6.3 Interpretation of the VLBI osbservations of 3C 345 . . . . . . . . . . . 163 6.3.1 Properties of ultracompact jet in 3C 345 . . . . . . . . . . . . 163 6.3.2 Core shift in other sources . . . . . . . . . . . . . . . . . . . . 165 6.3.3 Applicability of the shock based schemes . . . . . . . . . . . . 166 6.3.4 Variable injection of a relativistic plasma . . . . . . . . . . . . 168 6.3.5 Variable Doppler factor . . . . . . . . . . . . . . . . . . . . . . 169 6.3.6 Relation between spectral and kinematic evolution . . . . . . . 169 6.3.7 Evolution of C4 and C5 . . . . . . . . . . . . . . . . . . . . . 170 6.3.8 Transition zone in the jet . . . . . . . . . . . . . . . . . . . . . 174 6.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 7 Conclusion 179 7.1 Parsec–scale structures in 3C345 . . . . . . . . . . . . . . . . . . . . . 179 7.1.1 Morphology and kinematics . . . . . . . . . . . . . . . . . . . 179 7.1.2 Emission . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 7.1.3 Shocks and plasma interaction . . . . . . . . . . . . . . . . . . 181 7.2 Prospective work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182 8 Appendix 185

Bibliography 205 vi

List of Figures

2.1 Basic picture of radio source – antenna geometry. . . . . . . . . . . . 9 2.2 Simple interferometer. . . . . . . . . . . . . . . . . . . . . . . . . . . 10 2.3 Clockwise from the upper left panel: the uv–coverage (sampling function), the synthesized beam, the dirty map, and the “CLEAN” map for the observation of 3C345 made on June 15 1992 at 5 GHz with the Global VLBI array. Contours in all three images are corresponding to -0.1, 0.1,0.2,0.3,0.5,1,2,3,5,10,25,50,75, and 90% of the peak level of the corresponding image. . . . . . . . . . . . . . . . . . . . . . . . . 14 2.4 Amplitude calibrated data at 22.3 GHz prior to self–calibration. Amplitudes (top) and phases (bottom) plotted against the uv–distance. 17 2.5 Observed (top) and “CLEAN” model (bottom) amplitudes after self– calibration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 2.6 Observed (top) and “CLEAN” model (bottom) phases after the self– calibration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 2.7 Observed (rows 1 and 3 from the top) and “CLEAN” model (rows 2 and 4 from the top) amplitudes projected onto different position angles. The position angles displayed are 0^∘, 30^∘, 60^∘, 86^∘, 120^∘, and 150^∘. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 2.8 VLBI map of 3C345 observed at 22.3 GHz on March 31, 1989. . . . . 27 2.9 VLBI map of 3C345 observed at 22.3 GHz on June 19, 1991. . . . . . 30 2.10 VLBI map of 3C345 observed at 22.3 GHz on November 11, 1991. . . 33 2.11 VLBI map of 3C345 observed at 22.3 GHz on June 12, 1992. . . . . . 36 2.12 VLBI map of 3C345 observed at 22.3 GHz on November 11, 1992. . . 39 2.13 VLBI map of 3C345 observed at 22.3 GHz on February 15, 1993. . . 42 2.14 VLBI map of 3C345 observed at 22.3 GHz on September 21, 1993. . 45 2.15 Sequence of maps at 22 GHz. Spatial separation between individual maps is proportional to the separation of the observation epochs. . . 48 2.16 VLBI map of 3C345 observed at 10.6 GHz on April 6, 1989. . . . . . 50 2.17 VLBI map of 3C345 observed at 8.4 GHz on September 16, 1992. . . 53 2.18 VLBI map of 3C345 observed at 8.4 GHz on November 20, 1993. . . 56 2.19 Sequence of maps at 8.4 and 10.6 GHz. Spatial separation between individual maps is proportional to the separation of the observation epochs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 2.20 VLBI map of 3C345 observed at 5 GHz on June 4, 1992. . . . . . . . 60

2.21 VLBI map of 3C345 observed at 5 GHz on June 16, 1993. . . . . . . 63 2.22 VLBI map of 3C345 observed at 5 GHz on September 11, 1993. . . . 66 2.23 Sequence of maps at 5 GHz. Spatial separation between individual maps is proportional to the separation of the observation epochs. . . 69

3.1 Polynomial fits to the relative positions x(t), y(t) of C1. Filled symbols indicate the measurements made for this dissertation. . . . . . . . . 74 3.2 Two–dimensional trajectory of C1. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 75 3.3 Polynomial fits to the relative positions x(t), y(t) of C2. Filled symbols indicate the measurements made for this dissertation. . . . . . . . . 76 3.4 Two–dimensional trajectory of C2. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 76 3.5 Polynomial fits to the relative positions x(t), y(t) of C3. Filled symbols indicate the measurements made for this dissertation. . . . . . . . . 77 3.6 Two–dimensional trajectory of C3. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 78 3.7 Polynomial fits to the relative positions x(t), y(t) of C3a. Filled symbols indicate the measurements made for this dissertation. . . . . . . 79 3.8 Two–dimensional trajectory of C3a. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 79 3.9 Polynomial fits to the relative positions x(t), y(t) of C4. Filled symbols indicate the measurements made for this dissertation. . . . . . . . . 80 3.10 Two–dimensional trajectory of C4. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 81 3.11 Polynomial fits to the relative positions x(t), y(t) of C5. Filled symbols indicate the measurements made for this dissertation. . . . . . . . . 82 3.12 Two–dimensional trajectory of C5. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 82 3.13 Polynomial fits to the relative positions x(t), y(t) of C6. Filled symbols indicate the measurements made for this dissertation. Top panel shows actual data points and separate fits to the x(t) data at 22 GHz (triangles), and at 5 and 11 GHz (squares and circles). The bottom panel gives the component positions corrected for the frequency dependent shift of the core position, and shows the polynomial fit to all data combined. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

3.14 Two–dimensional trajectory of C6. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 84 3.15 Polynomial fits to the relative positions x(t), y(t) of C7. Filled symbols indicate the measurements made for this dissertation. . . . . . . . . 86 3.16 Two–dimensional trajectory of C7. Dotted line is reconstructed from the polynomial fits to the component relative positions. White circles show the changes of component position with an interval of 1 year. . 87 3.17 Fitted trajectories of the jet components. . . . . . . . . . . . . . . . 87 3.18 Fitted trajectories of the jet components at separations smaller than 1 mas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88 3.19 Small and large angle solutions for a curved jet with constant Lorentz factor. Solutions are shown for C5 (left panel), and C6 (right panel). 91 3.20 Evolution of the component kinematic parameters in the jet moving at constant γ = 23. The variations of the Lorentz factor (upper left), Doppler factor (lower left), traveled distance in the jet rest frame (upper right), and viewing angle (lower right) are shown. . . . . . . . . 92 3.21 Evolution of the component kinematic parameters in the jet moving at constant Lorentz factors, differing for each component. The variations of the Lorentz factor (upper left), Doppler factor (lower left), traveled distance in the jet rest frame (upper right), and viewing angle (lower right) are shown. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 3.22 Evolution of the component kinematic parameters in the jet with component moving along the trajectories satisfying the minimum kinematic power condition γ_j = (1 + β_{app})^{0.5}. The variations of the Lorentz factor (upper left), Doppler factor (lower left), traveled distance in the jet rest frame (upper right), and viewing angle (lower right) are shown. 94 3.23 Correlation between the component proper motions and distances trav- elled along the jet. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 3.24 Correlation between the component proper motions and distances travelled along the jet: immediate vicinity of the core. . . . . . . . . . . 97 3.25 Correlation between the slopes of of the component tracks in “proper motion vs. travelled distance” diagram and the component epoch of origin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 4.1 Spectral index map of 3C345 made between 8.4 and 5 GHz. . . . . . 103 4.2 Real (left) and simulated (right) maps of 3C345 at 6cm. . . . . . . . 103 4.3 Relative loss of sensitivity in multifrequency observation. The calculations are done for 5 minute–long scans. Sampling interval reflects time separation between scans at the given frequency. . . . . . . . . . . . 106 4.4 Spectral index map of 3C345 produced between 8.4 and 5 GHz. . . . 107

4.5 Shift of the observed VLBI core position: at any frequency, the core is seen at the location of the jet where its opacity to synchrotron selfabsorption is τ_s = 1. Farther down the jet, the emission is optically thin, and therefore the superluminal features are seen at the same locations at all frequencies. . . . . . . . . . . . . . . . . . . . . . . . 108 4.6 Frequency dependent shift of the core position in 3C 345. The reference frequency is 22.3 GHz. Dashed line corresponds to r ∝ ν^{−1.04}. . . . . 109 4.7 Spectral index maps of 3C345 made between 10.6 and 22.3 GHz (epoch:

1989.25). Top panel shows the original map, bottom panel shows the map corrected for the frequency dependent shift of the core position. 111 4.8 Spectral index profiles for the epoch 1989.26. The profiles are taken along the relative declination δ = 0 mas. Dashed line gives the profile for the unshifted map, solid line presents the profile for the shifted map. The location of the core corresponds to 3 mas offset. . . . . . . 112 4.9 Spectral index maps of 3C345 made between 5 and 22.3 GHz (epoch:

1992.45). Top panel shows the original map, bottom panel shows the map corrected for the frequency dependent shift of the core position. 113 4.10 Spectral index profiles for the epoch 1992.45. The profiles are taken along the relative declination δ = 0 mas. Dashed line gives the profile for the unshifted map, solid line presents the profile for the shifted map. The location of the core corresponds to 3 mas offset. . . . . . . 114 4.11 Spectral index maps of 3C345 made between 5 and 22.3 GHz (epoch:

1993.70). Top panel shows the original map, bottom panel shows the map corrected for the frequency dependent shift of the core position. 115 4.12 Spectral index profiles for the epoch 1993.70. The profiles are taken along the relative declination δ = 0 mas. Dashed line gives the profile for the unshifted map, solid line presents the profile for the shifted map. The location of the core corresponds to 3 mas offset. . . . . . . 116 4.13 Distribution of the low– and high–frequency cutoffs corresponding to the best fits to the multifrequency datasets. Dashed line indicates the ranges of allowed cutoff variation. . . . . . . . . . . . . . . . . . . . 119 4.14 Fitted spectra of the VLBI core D. For better viewing, some of the datasets and corresponding fits are slightly shifted. . . . . . . . . . . 123 4.15 Fitted spectra of the component C5. . . . . . . . . . . . . . . . . . . 123 4.16 Fitted spectra of the component C4. . . . . . . . . . . . . . . . . . . 124 4.17 Fitted spectra of the component C3. . . . . . . . . . . . . . . . . . . 124 4.18 The turnover frequency distribution map obtained from continuous spectral fitting. The turnover frequency in the core is above the chosen saturation level (≈ 0.5 GHz). A narrow channel of higher turnover frequency is seen in the jet. The transversal feature to the South of the channel coincides with the location of C5, and may represent the shock front. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

4.19 VLBI maps (22.3 GHz: top left; 8.4 GHz: bottom left; 5 GHz: bottom right) and a map produced using spectral fits to every pixel of the actual maps (15 GHz: top right). . . . . . . . . . . . . . . . . . . . . 130 4.20 Maps of 3C 345 from the VLBA multifrequency data. The restoring beam is that used for the turnover frequency mapping. . . . . . . . . 131 4.21 Upper panel: the turnover frequency distribution in the central part of 3C 345. The saturation level is at 18 GHz. The center of the core is in the pixel (−60, −60). Lower panels: the profiles of turnover frequency, ν_m, turnover flux, S_m, and magnetic field, B(r), along the line y=−60 crossing the center of the core. The ambient magnetic field decreases as r^{−1} (left panel), and r^{−2} (right panel). . . . . . . . . . . . . . . . . 133 4.22 Turnover frequency distribution in the extended jet of 3C 345. The central region is saturated, for better representation of the turnover frequency variations in the jet. . . . . . . . . . . . . . . . . . . . . . 134

5.1 5, and 8 GHz flux evolution of D (left column) and C7 (right column).

Filled squares indicate the data from this thesis. . . . . . . . . . . . 139 5.2 5, 8, and 22 GHz flux evolution of C6 (left column) and C5 (right column). Filled squares indicate the data from this thesis. . . . . . . 140 5.3 5, 8 and 22 GHz flux evolution of C4 (left column) and C3a (right column). Filled squares indicate the data from this thesis. . . . . . . 141 5.4 5, and 8 GHz flux evolution of C3 (left column) and C2 (right column).

Filled squares indicate the data from this thesis. . . . . . . . . . . . 142 5.5 Evolution of the turnover frequency ν_m in the core and the jet compo- nents of 3C345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 5.6 Correlation between the integrated 4-25 GHz flux, S_{int}, and turnover frequency, ν_m, of the core , C5, and C4. The integrated flux units are erg s^{−1} cm^{−2}. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144 5.7 4–25 GHz luminosity evolution of the VLBI core and the jet compo- nents in 3C345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145 5.8 Correlation between the components luminosity and apparent distance travelled along the jet. The dot–dashed line is a linear fit to C4 data; the solid line represents the correlation for C2, C3, and C5 data com- bined. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 5.9 Correlation between the components luminosity and distance travelled in the rest frame of the jet. The components move at constant speed. The Lorentz factors γ_{C2,3} = 20, and γ_{C5} = 7, γ_{C4} = 15 are chosen so as to provide consistency of the component kinematic evolutions in the jet rest frame. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 148 5.10 Correlation between the component luminosity and travelled distance in the rest frame of the jet. The jet moves with γ = γ_{min}(t). The solid line represents a fit to the total data. . . . . . . . . . . . . . . . . . 149

6.1 Basic outlines of the relativistic jet model. . . . . . . . . . . . . . . . 153

6.2 Changes of limiting beam speed as a function of Alfvèn speed in the beam plasma. The curves are shown for different local half–opening angles of the beam. In case of variable ψ(z), the corresponding curve would oscillate between the shown limits. . . . . . . . . . . . . . . . 161 6.3 Perturbed beam model, and the measured apparent speeds of the strongest superluminal features in 3C 345. The model curve (Roland 1996, private communication) corresponds to a perturbed beam with the perturbation period P_0 = 1500 years. The perturbation can be caused by the orbital motion in a binary black hole system in the center of 3C 345. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 162 6.4 Magnetic field distribution in 3C 345. Squares show the magnetic field in the compact jet derived in this dissertation from the frequency dependent shift of the core. Circles are the SSC-based estimates of the magnetic field in the outer jet components C2, C3 and C4 (Zensus et al. 1995). Triangulars show the characteristic magnetic field estimates from a model of magnetized accretion disk (Field and Rogers, 1993). Diamonds are the theoretical estimates from Kardashev’s (1995) model for the dipole magnetic field around a supermassive rotating black hole. 165 6.5 Contributions of VLBI features to the total emission of 3C345 at 22 GHz. Black squares denote the single dish measured flux density. White circles are the cumulative flux density of the core and a closest component or an emitting complex located within ≈ 1 mas distance from the core (the conical jet). Total flux density is normalized to the maximum total flux of 18.62 Jy observed in 1982. Flux densities of the constituent components are fractions of the total flux density. . . . . 167 6.6 Conditions of existence of a maximum in the time evolution of the turnover frequency ν_m expressed through the energy spectral index s, and constants m and b describing the evolution of magnetic field and Doppler boosting along the jet. Circles and squares represent the upper limits of b calculated for C4 and C5 respectively, at the epochs of maximum turnover frequency in each of the components (see text, also). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171 6.7 Factor b represented in different kinematic solution for C4 and C5. The upper panels show the small–angle, large–angle, and constant–angle solutions for C5; the same solutions for C4 are shown in the lower panels correspondingly. Thick dot–dashed lines indicate the epoch of maximum turnover frequency for each component (1983.4 for C4, and 1988.3 for C5). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 6.8 Proper motion of the strong and weak jet features in the vicinity of the core. The minimum is seen for the strong features, at distances ≈ 1.5 − 2 mas from the core. The components C1, C2, and C3 are outside the plotting ranges. . . . . . . . . . . . . . . . . . . . . . . . 175

6.9 Flux changes in the strong jet features at 11 and 22 GHz. The flux densities of C2, C3, C3a, C4, and C7 are plotted as a function of traveled distance. The sharp rise and fall are normally explained by shocks; the long low–flux tail may be produced by interactions between different plasma components of the jet. . . . . . . . . . . . . . . . . 176 6.10 Possible transition in the jet of 3C345. . . . . . . . . . . . . . . . . . 176 xiv

List of Tables

2.1 Selected technical parameters of VLBI antennas participated in the observations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 2.2 General parameters of the VLBI observations of 3C345. . . . . . . . 24 2.3 Resolution and noise in the VLBI datasets. . . . . . . . . . . . . . . . 24 2.4 Model for epoch 1989.24 at 22.2 GHz. . . . . . . . . . . . . . . . . . 28 2.5 Model for epoch 1991.46 at 22.2 GHz. . . . . . . . . . . . . . . . . . 31 2.6 Model for epoch 1991.86 at 22.2 GHz. . . . . . . . . . . . . . . . . . 34 2.7 Model for epoch 1992.44 at 22.2 GHz. . . . . . . . . . . . . . . . . . . 37 2.8 Model for epoch 1992.86 at 22.2 GHz. . . . . . . . . . . . . . . . . . 40 2.9 Model for epoch 1993.12 at 22.2 GHz. . . . . . . . . . . . . . . . . . 43 2.10 Model for epoch 1993.72 at 22.2 GHz. . . . . . . . . . . . . . . . . . 46 2.11 Model for epoch 1989.26 at 10.65 GHz. . . . . . . . . . . . . . . . . . 51 2.12 Model for epoch 1992.71 at 8.41 GHz. . . . . . . . . . . . . . . . . . 54 2.13 Model for epoch 1993.88 at 8.40 GHz. . . . . . . . . . . . . . . . . . 57 2.14 Model for epoch 1992.42 at 4.99 GHz. . . . . . . . . . . . . . . . . . 61 2.15 Model for epoch 1993.45 at 4.97 GHz. . . . . . . . . . . . . . . . . . 64 2.16 Model for epoch 1993.69 at 4.97 GHz. . . . . . . . . . . . . . . . . . 67

3.1 Polynomial fits to the component trajectories. . . . . . . . . . . . . . 73 3.2 Kinematic limits of the component motion . . . . . . . . . . . . . . . 92

4.1 Maximum sampling intervals [min] for a 5000 km–long baseline. . . . 104 4.2 Maximum detectable structure [mas] on a 5000 km-long baseline. . . 104 4.3 Maximum sampling intervals [min] for a 8600 km–long baseline. . . . 104 4.4 Maximum detectable structure [mas] on a 8600 km-long baseline. . . 105 4.5 Average offsets of the core position . . . . . . . . . . . . . . . . . . . 110 4.6 VLBI and total fluxes of the datasets. . . . . . . . . . . . . . . . . . . 121 4.6 (continued) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 4.7 Spectral fits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 4.7 (continued) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126 4.8 Parameters of the VLBA maps . . . . . . . . . . . . . . . . . . . . . 128

5.1 Luminosity evolution in parsec–scale features of 3C345 . . . . . . . . 146 5.2 Correlation between the component luminosity and kinematics . . . 147

6.1 Derived parameters of the ultracompact jet . . . . . . . . . . . . . . 164 6.2 Predicted core position shift between 5 and 22 GHz . . . . . . . . . . 166 6.3 Kinematical and spectral parameters of C4 and C5. . . . . . . . . . 173 6.4 Kinematic and flux parameters of C4 and C5. . . . . . . . . . . . . . 174

8.1 Model for epoch 1979.25 at 5.00 GHz (Biretta et al. 1986) . . . . . . . 186 8.2 Model for epoch 1979.92 at 5.00 GHz (Biretta et al. 1986) . . . . . . . 186 8.3 Model for epoch 1979.44 at 10.70 GHz (Biretta et al. 1986) . . . . . . 186 8.4 Model for epoch 1980.52 at 10.70 GHz (Biretta et al. 1986) . . . . . . 187 8.5 Model for epoch 1980.73 at 5.00 GHz (Biretta et al. 1986) . . . . . . . 187 8.6 Model for epoch 1981.09 at 10.70 GHz (Biretta et al. 1986) . . . . . . 188 8.7 Model for epoch 1981.25 at 22.20 GHz (Biretta et al. 1986) . . . . . . 188 8.8 Model for epoch 1981.63 at 5.00 GHz (Biretta et al. 1986) . . . . . . . 188 8.9 Model for epoch 1981.89 at 2.30 GHz (Biretta et al. 1986) . . . . . . . 189 8.10 Model for epoch 1982.09 at 10.70 GHz (Biretta et al. 1986) . . . . . . 189 8.11 Model for epoch 1982.38 at 89.00 GHz (Biretta et al. 1986) . . . . . . 189 8.12 Model for epoch 1982.42 at 22.20 GHz (Biretta et al. 1986) . . . . . . 190 8.13 Model for epoch 1982.56 at 5.00 GHz (Biretta et al. 1986) . . . . . . . 190 8.14 Model for epoch 1982.86 at 10.70 GHz (Biretta et al. 1986) . . . . . . 190 8.15 Model for epoch 1983.09 at 22.20 GHz (Biretta et al. 1986) . . . . . . 191 8.16 Model for epoch 1983.10 at 10.70 GHz (Biretta et al. 1986) . . . . . . 191 8.17 Model for epoch 1983.57 at 5.00 GHz (Biretta et al. 1986) . . . . . . . 192 8.18 Model for epoch 1983.76 at 22.20 GHz (Biretta et al. 1986) . . . . . . 192 8.19 Model for epoch 1984.09 at 22.20 GHz (Biretta et al. 1986) . . . . . . 192 8.20 Model for epoch 1984.11 at 10.70 GHz (Biretta et al. 1986) . . . . . . 193 8.21 Model for epoch 1984.25 at 4.99 GHz (Zensus et al. 1995) . . . . . . . 193 8.22 Model for epoch 1984.76 at 22.22 GHz (Zensus et al. 1995) . . . . . . 193 8.23 Model for epoch 1984.94 at 10.67 GHz (Zensus et al. 1995) . . . . . . 194 8.24 Model for epoch 1985.75 at 22.22 GHz (Zensus et al. 1995) . . . . . . 194 8.25 Model for epoch 1985.76 at 4.99 GHz (Zensus et al. 1995) . . . . . . . 195 8.26 Model for epoch 1985.93 at 10.65 GHz (Zensus et al. 1995) . . . . . . 195 8.27 Model for epoch 1986.39 at 22.22 GHz (Zensus et al. 1995) . . . . . . 196 8.28 Model for epoch 1986.87 at 22.22 GHz (Zensus et al. 1995) . . . . . . 196 8.29 Model for epoch 1986.90 at 4.99 GHz (Zensus et al. 1995) . . . . . . . 196 8.30 Model for epoch 1987.15 at 10.64 GHz (Zensus et al. 1995) . . . . . . 197 8.31 Model for epoch 1987.42 at 22.22 GHz (Zensus et al. 1995) . . . . . . 197 8.32 Model for epoch 1987.47 at 43.21 GHz (Krichbaum et al. 1993) . . . . 197 8.33 Model for epoch 1988.15 at 22.22 GHz (Zensus et al. 1995) . . . . . . 198 8.34 Model for epoch 1988.16 at 10.64 GHz (Zensus et al. 1995) . . . . . . 198 8.35 Model for epoch 1988.17 at 4.98 GHz (Zensus et al. 1995) . . . . . . . 198 8.36 Model for epoch 1988.21 at 100.00 GHz (Bååth et al. 1992) . . . . . . 199 8.37 Model for epoch 1988.49 at 43.20 GHz (Krichbaum et al. 1993) . . . . 199 8.38 Model for epoch 1989.22 at 100.00 GHz Bååth et al. 1992) . . . . . . . 199

8.39 Model for epoch 1989.28 at 4.99 GHz (Unwin and Wehrle 1992) . . . 200 8.40 Model for epoch 1990.16 at 10.65 GHz (Unwin et al. 1994) . . . . . . . 200 8.41 Model for epoch 1990.18 at 4.99 GHz (Unwin and Wehrle 1992) . . . 201 8.42 Model for epoch 1990.42 at 22.20 GHz (Unwin et al. 1994) . . . . . . . 201 8.43 Model for epoch 1990.49 at 43.22 GHz (Krichbaum et al. 1993) . . . . 202 8.44 Model for epoch 1990.84 at 8.40 GHz (Unwin et al. 1994) . . . . . . . 202 8.45 Model for epoch 1991.68 at 43.20 GHz (Krichbaum et al. 1993) . . . . 203 8.46 Model for epoch 1991.71 at 4.99 GHz (Unwin and Wehrle 1992) . . . 203 8.47 Model for epoch 1994.45 at 22.23 GHz (Leppänen 1995) . . . . . . . . 204 xviii