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Text books on Radio Astronomy	

•  Essential Radio Astronomy	
•  https://science.nrao.edu/opportunities/courses/era	



Warm Resistor:  
 
•  Warm resistors are useful in radio 

astronomy as standards for calibrating 
antennas and receivers, so the noise 
power per unit bandwidth received by a 
radio telescope is often described in 
terms of the Rayleigh–Jeans antenna 
temperature.  

 

•  Where:  
•  P is power 
•  k_b is Boltzmann’s constant 
•  T is temperature 
•  Δf is bandwidth  
•  Multiply by ½ for single pol.  

 
  



Intrinsic Power (P) (Watts) 
Distance (R) (meters) 

Aperture Area (A) (sq.m.) 	

Flux = Power/Area 
Flux Density (S) = Power/Area/

bandwidth 
Bandwidth (Δf) 

 
A “Jansky” is a unit of flux density 

 
HzmWatts //10 226−

P = AS�f
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Antenna Temperature:  

•  The antenna temperature of a receiving 
antenna is defined as the temperature of 
an ideal resistor that would generate the 
same Rayleigh–Jeans noise power per 
unit bandwidth as appears at the 
antenna output.  

 
•  Antenna temperature is not a physical 

temperature. 

•  Collecting area is replaced with effective 
area A_e. Where η is the telescope 
efficiency.  

P = AS�f
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Physical temperature vs antenna temperature	

For an extended object with source solid angle Ωs,  
And physical temperature Ts, then 

for 

for 

In general : 
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System Temperature	
= total noise power detected, a result of many contributions 

⋅⋅⋅⋅+++−++= −
CMBspill

a
atmrcvrantsys TTeTTTT )1( τ

Tsys
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System Temperature	

= total noise power detected, a result of many contributions 
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<latexit sha1_base64="VgaCac+uTn5730IiYyrvOAmqDfg=">AAAB8HicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VihX9KGstlu2qW7m7C7EULor/DiQRGv/hxv/hs3bQ7a+mDg8d4MM/PChDNtPO/bWVvf2Nzaruy4u3v7B4fVo+OOjlNFaJvEPFa9EGvKmaRtwwynvURRLEJOu+H0rvC7T1RpFsuWyRIaCDyWLGIEGys9toa5zvTMdYfVmlf35kCrxC9JDUo0h9WvwSgmqaDSEI617vteYo IcK8MIpzN3kGqaYDLFY9q3VGJBdZDPD56hc6uMUBQrW9Kgufp7IsdC60yEtlNgM9HLXiH+5/VTE90EOZNJaqgki0VRypGJUfE9GjFFieGZJZgoZm9FZIIVJsZmVITgL7+8SjqXdd+r+w9XtcZtGUcFTuEMLsCHa2jAPTShDQQEPMMrvDnKeXHenY9F65pTzpzAHzifPyAej/I=</latexit><latexit sha1_base64="VgaCac+uTn5730IiYyrvOAmqDfg=">AAAB8HicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VihX9KGstlu2qW7m7C7EULor/DiQRGv/hxv/hs3bQ7a+mDg8d4MM/PChDNtPO/bWVvf2Nzaruy4u3v7B4fVo+OOjlNFaJvEPFa9EGvKmaRtwwynvURRLEJOu+H0rvC7T1RpFsuWyRIaCDyWLGIEGys9toa5zvTMdYfVmlf35kCrxC9JDUo0h9WvwSgmqaDSEI617vteYo IcK8MIpzN3kGqaYDLFY9q3VGJBdZDPD56hc6uMUBQrW9Kgufp7IsdC60yEtlNgM9HLXiH+5/VTE90EOZNJaqgki0VRypGJUfE9GjFFieGZJZgoZm9FZIIVJsZmVITgL7+8SjqXdd+r+w9XtcZtGUcFTuEMLsCHa2jAPTShDQQEPMMrvDnKeXHenY9F65pTzpzAHzifPyAej/I=</latexit><latexit sha1_base64="VgaCac+uTn5730IiYyrvOAmqDfg=">AAAB8HicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VihX9KGstlu2qW7m7C7EULor/DiQRGv/hxv/hs3bQ7a+mDg8d4MM/PChDNtPO/bWVvf2Nzaruy4u3v7B4fVo+OOjlNFaJvEPFa9EGvKmaRtwwynvURRLEJOu+H0rvC7T1RpFsuWyRIaCDyWLGIEGys9toa5zvTMdYfVmlf35kCrxC9JDUo0h9WvwSgmqaDSEI617vteYo IcK8MIpzN3kGqaYDLFY9q3VGJBdZDPD56hc6uMUBQrW9Kgufp7IsdC60yEtlNgM9HLXiH+5/VTE90EOZNJaqgki0VRypGJUfE9GjFFieGZJZgoZm9FZIIVJsZmVITgL7+8SjqXdd+r+w9XtcZtGUcFTuEMLsCHa2jAPTShDQQEPMMrvDnKeXHenY9F65pTzpzAHzifPyAej/I=</latexit><latexit sha1_base64="VgaCac+uTn5730IiYyrvOAmqDfg=">AAAB8HicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VihX9KGstlu2qW7m7C7EULor/DiQRGv/hxv/hs3bQ7a+mDg8d4MM/PChDNtPO/bWVvf2Nzaruy4u3v7B4fVo+OOjlNFaJvEPFa9EGvKmaRtwwynvURRLEJOu+H0rvC7T1RpFsuWyRIaCDyWLGIEGys9toa5zvTMdYfVmlf35kCrxC9JDUo0h9WvwSgmqaDSEI617vteYo IcK8MIpzN3kGqaYDLFY9q3VGJBdZDPD56hc6uMUBQrW9Kgufp7IsdC60yEtlNgM9HLXiH+5/VTE90EOZNJaqgki0VRypGJUfE9GjFFieGZJZgoZm9FZIIVJsZmVITgL7+8SjqXdd+r+w9XtcZtGUcFTuEMLsCHa2jAPTShDQQEPMMrvDnKeXHenY9F65pTzpzAHzifPyAej/I=</latexit>

�Tsys =
Tsysp
npt�f

<latexit sha1_base64="X5cOaE3D3KsHIuWNv1Oy3jNCJwk=">AAACInicbVDLSsNAFJ34rPUVdelmsAiuSiKCuhCKunBZoS9oSphMJ+3QySTO3Agl5Fvc+CtuXCjqSvBjnD4QbT1w4XDOvdx7T5AIrsFxPq2FxaXlldXCWnF9Y3Nr297Zbeg4VZTVaSxi1QqIZoJLVgcOgrUSxUgUCNYMBlcjv3nPlOaxrMEwYZ2I9CQPOSVgJN8+9zTvRcTPan6mhzrP8QX2QkXoj5B5+k5BJv0EA/aumQCCwzwv+nbJKTtj4HniTkkJTVH17XevG9M0YhKoIFq3XSeBTkYUcCpYXvRSzRJCB6TH2oZKEjHdycYv5vjQKF0cxsqUBDxWf09kJNJ6GAWmMyLQ17PeSPzPa6cQnnUyLpMUmKSTRWEqMMR4lBfucsUoiKEhhCpubsW0T0xAYFIdheDOvjxPGsdl1ym7tyelyuU0jgLaRwfoCLnoFFXQDaqiOqLoAT2hF/RqPVrP1pv1MWldsKYze+gPrK9v1YWlBw==</latexit><latexit sha1_base64="X5cOaE3D3KsHIuWNv1Oy3jNCJwk=">AAACInicbVDLSsNAFJ34rPUVdelmsAiuSiKCuhCKunBZoS9oSphMJ+3QySTO3Agl5Fvc+CtuXCjqSvBjnD4QbT1w4XDOvdx7T5AIrsFxPq2FxaXlldXCWnF9Y3Nr297Zbeg4VZTVaSxi1QqIZoJLVgcOgrUSxUgUCNYMBlcjv3nPlOaxrMEwYZ2I9CQPOSVgJN8+9zTvRcTPan6mhzrP8QX2QkXoj5B5+k5BJv0EA/aumQCCwzwv+nbJKTtj4HniTkkJTVH17XevG9M0YhKoIFq3XSeBTkYUcCpYXvRSzRJCB6TH2oZKEjHdycYv5vjQKF0cxsqUBDxWf09kJNJ6GAWmMyLQ17PeSPzPa6cQnnUyLpMUmKSTRWEqMMR4lBfucsUoiKEhhCpubsW0T0xAYFIdheDOvjxPGsdl1ym7tyelyuU0jgLaRwfoCLnoFFXQDaqiOqLoAT2hF/RqPVrP1pv1MWldsKYze+gPrK9v1YWlBw==</latexit><latexit sha1_base64="X5cOaE3D3KsHIuWNv1Oy3jNCJwk=">AAACInicbVDLSsNAFJ34rPUVdelmsAiuSiKCuhCKunBZoS9oSphMJ+3QySTO3Agl5Fvc+CtuXCjqSvBjnD4QbT1w4XDOvdx7T5AIrsFxPq2FxaXlldXCWnF9Y3Nr297Zbeg4VZTVaSxi1QqIZoJLVgcOgrUSxUgUCNYMBlcjv3nPlOaxrMEwYZ2I9CQPOSVgJN8+9zTvRcTPan6mhzrP8QX2QkXoj5B5+k5BJv0EA/aumQCCwzwv+nbJKTtj4HniTkkJTVH17XevG9M0YhKoIFq3XSeBTkYUcCpYXvRSzRJCB6TH2oZKEjHdycYv5vjQKF0cxsqUBDxWf09kJNJ6GAWmMyLQ17PeSPzPa6cQnnUyLpMUmKSTRWEqMMR4lBfucsUoiKEhhCpubsW0T0xAYFIdheDOvjxPGsdl1ym7tyelyuU0jgLaRwfoCLnoFFXQDaqiOqLoAT2hF/RqPVrP1pv1MWldsKYze+gPrK9v1YWlBw==</latexit><latexit sha1_base64="X5cOaE3D3KsHIuWNv1Oy3jNCJwk=">AAACInicbVDLSsNAFJ34rPUVdelmsAiuSiKCuhCKunBZoS9oSphMJ+3QySTO3Agl5Fvc+CtuXCjqSvBjnD4QbT1w4XDOvdx7T5AIrsFxPq2FxaXlldXCWnF9Y3Nr297Zbeg4VZTVaSxi1QqIZoJLVgcOgrUSxUgUCNYMBlcjv3nPlOaxrMEwYZ2I9CQPOSVgJN8+9zTvRcTPan6mhzrP8QX2QkXoj5B5+k5BJv0EA/aumQCCwzwv+nbJKTtj4HniTkkJTVH17XevG9M0YhKoIFq3XSeBTkYUcCpYXvRSzRJCB6TH2oZKEjHdycYv5vjQKF0cxsqUBDxWf09kJNJ6GAWmMyLQ17PeSPzPa6cQnnUyLpMUmKSTRWEqMMR4lBfucsUoiKEhhCpubsW0T0xAYFIdheDOvjxPGsdl1ym7tyelyuU0jgLaRwfoCLnoFFXQDaqiOqLoAT2hF/RqPVrP1pv1MWldsKYze+gPrK9v1YWlBw==</latexit>



Receiver Gain Instability 	
What happens: 

Indistinguishable from: 

�Tsys = Tsys

h 1

t�f
+

⇣�g

g

⌘2i 1
2

<latexit sha1_base64="HW739qf9QZFe4XUciT7dI/1HRC0="></latexit><latexit sha1_base64="HW739qf9QZFe4XUciT7dI/1HRC0="></latexit><latexit sha1_base64="HW739qf9QZFe4XUciT7dI/1HRC0="></latexit><latexit sha1_base64="HW739qf9QZFe4XUciT7dI/1HRC0="></latexit>

�Tsys = Tsys

⇣�g

g

⌘

<latexit sha1_base64="eL9DxmhcvbGdhRDiYFyxmkrFqpw=">AAACI3icbVDNSsNAGNzUv1r/oh69LBahXkoigiIIpXrwWKG1hSaEzXaTLt1swu5GCKHv4sVX8eJBKV48+C5u2yDaOrAwzMzHt9/4CaNSWdanUVpZXVvfKG9WtrZ3dvfM/YMHGacCkw6OWSx6PpKEUU46iipGeokgKPIZ6fqjm6nffSRC0pi3VZYQN0IhpwHFSGnJM6+cW8IUgm0vl5kcw+sf5jRpWINOIBDOYZEK4TgP59Yp9MyqVbdmgMvELkgVFGh55sQZxDiNCFeYISn7tpUoN0dCUczIuOKkkiQIj1BI+ppyFBHp5rMbx/BEKwMYxEI/ruBM/T2Ro0jKLPJ1MkJqKBe9qfif109VcOnmlCepIhzPFwUpgyqG08LggAqCFcs0QVhQ/VeIh0i3onStFV2CvXjyMnk4q9tW3b4/rzaaRR1lcASOQQ3Y4AI0wB1ogQ7A4Am8gDfwbjwbr8bE+JhHS0Yxcwj+wPj6Bo0fou8=</latexit><latexit sha1_base64="eL9DxmhcvbGdhRDiYFyxmkrFqpw=">AAACI3icbVDNSsNAGNzUv1r/oh69LBahXkoigiIIpXrwWKG1hSaEzXaTLt1swu5GCKHv4sVX8eJBKV48+C5u2yDaOrAwzMzHt9/4CaNSWdanUVpZXVvfKG9WtrZ3dvfM/YMHGacCkw6OWSx6PpKEUU46iipGeokgKPIZ6fqjm6nffSRC0pi3VZYQN0IhpwHFSGnJM6+cW8IUgm0vl5kcw+sf5jRpWINOIBDOYZEK4TgP59Yp9MyqVbdmgMvELkgVFGh55sQZxDiNCFeYISn7tpUoN0dCUczIuOKkkiQIj1BI+ppyFBHp5rMbx/BEKwMYxEI/ruBM/T2Ro0jKLPJ1MkJqKBe9qfif109VcOnmlCepIhzPFwUpgyqG08LggAqCFcs0QVhQ/VeIh0i3onStFV2CvXjyMnk4q9tW3b4/rzaaRR1lcASOQQ3Y4AI0wB1ogQ7A4Am8gDfwbjwbr8bE+JhHS0Yxcwj+wPj6Bo0fou8=</latexit><latexit sha1_base64="eL9DxmhcvbGdhRDiYFyxmkrFqpw=">AAACI3icbVDNSsNAGNzUv1r/oh69LBahXkoigiIIpXrwWKG1hSaEzXaTLt1swu5GCKHv4sVX8eJBKV48+C5u2yDaOrAwzMzHt9/4CaNSWdanUVpZXVvfKG9WtrZ3dvfM/YMHGacCkw6OWSx6PpKEUU46iipGeokgKPIZ6fqjm6nffSRC0pi3VZYQN0IhpwHFSGnJM6+cW8IUgm0vl5kcw+sf5jRpWINOIBDOYZEK4TgP59Yp9MyqVbdmgMvELkgVFGh55sQZxDiNCFeYISn7tpUoN0dCUczIuOKkkiQIj1BI+ppyFBHp5rMbx/BEKwMYxEI/ruBM/T2Ro0jKLPJ1MkJqKBe9qfif109VcOnmlCepIhzPFwUpgyqG08LggAqCFcs0QVhQ/VeIh0i3onStFV2CvXjyMnk4q9tW3b4/rzaaRR1lcASOQQ3Y4AI0wB1ogQ7A4Am8gDfwbjwbr8bE+JhHS0Yxcwj+wPj6Bo0fou8=</latexit><latexit sha1_base64="eL9DxmhcvbGdhRDiYFyxmkrFqpw=">AAACI3icbVDNSsNAGNzUv1r/oh69LBahXkoigiIIpXrwWKG1hSaEzXaTLt1swu5GCKHv4sVX8eJBKV48+C5u2yDaOrAwzMzHt9/4CaNSWdanUVpZXVvfKG9WtrZ3dvfM/YMHGacCkw6OWSx6PpKEUU46iipGeokgKPIZ6fqjm6nffSRC0pi3VZYQN0IhpwHFSGnJM6+cW8IUgm0vl5kcw+sf5jRpWINOIBDOYZEK4TgP59Yp9MyqVbdmgMvELkgVFGh55sQZxDiNCFeYISn7tpUoN0dCUczIuOKkkiQIj1BI+ppyFBHp5rMbx/BEKwMYxEI/ruBM/T2Ro0jKLPJ1MkJqKBe9qfif109VcOnmlCepIhzPFwUpgyqG08LggAqCFcs0QVhQ/VeIh0i3onStFV2CvXjyMnk4q9tW3b4/rzaaRR1lcASOQQ3Y4AI0wB1ogQ7A4Am8gDfwbjwbr8bE+JhHS0Yxcwj+wPj6Bo0fou8=</latexit>

�P = g�Tsys

�
k�f

�
<latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="xAhNG/Ybo46T3jWCj4cXO28UAXs=">AAACE3icbZBLSwMxFIXv1FetVatbNxeLUDdlRhDdCIIuXFboC9phyKSZNjTzIMkIZegvceNfceNCEcGd/8a0HUFbDwROvpOQ3OMngitt219WYW19Y3OruF3aKe/u7VcOym0Vp5KyFo1FLLs+UUzwiLU014J1E8lI6AvW8cc3s7zzwKTicdTUk4S5IRlGPOCUaIO8ynn/lglNsIFXiEPEfNv0MjVRU+z7fFjD8Q8O5uAUvUrVrttz4apxclOFXA2v8tkfxDQNWaSpIEr1HDvRbkak5lSwaamfKpYQOiZD1jM2IiFTbjYfb4onhgwwiKVZkcY5/X0jI6FSk9A3J0OiR2o5m8H/sl6qg0s341GSahbRxUNBKlDHOOsKB1wyqsXEGEIlN39FOiKSUG0aLZkSnOWRV037rO7YdefehiIcwTHUwIELuIY7aEALKDzCM7zCm/VkvVjvi7oKVt7bIfyR9fENWJed4g==</latexit><latexit sha1_base64="xAhNG/Ybo46T3jWCj4cXO28UAXs=">AAACE3icbZBLSwMxFIXv1FetVatbNxeLUDdlRhDdCIIuXFboC9phyKSZNjTzIMkIZegvceNfceNCEcGd/8a0HUFbDwROvpOQ3OMngitt219WYW19Y3OruF3aKe/u7VcOym0Vp5KyFo1FLLs+UUzwiLU014J1E8lI6AvW8cc3s7zzwKTicdTUk4S5IRlGPOCUaIO8ynn/lglNsIFXiEPEfNv0MjVRU+z7fFjD8Q8O5uAUvUrVrttz4apxclOFXA2v8tkfxDQNWaSpIEr1HDvRbkak5lSwaamfKpYQOiZD1jM2IiFTbjYfb4onhgwwiKVZkcY5/X0jI6FSk9A3J0OiR2o5m8H/sl6qg0s341GSahbRxUNBKlDHOOsKB1wyqsXEGEIlN39FOiKSUG0aLZkSnOWRV037rO7YdefehiIcwTHUwIELuIY7aEALKDzCM7zCm/VkvVjvi7oKVt7bIfyR9fENWJed4g==</latexit><latexit sha1_base64="vF9cXWySxpD+z7WST/F110sK4I8=">AAACHnicbZDNSgMxFIUz9a/Wv6pLNxeLUDdlRhDdCEVduKzQ1kJbhkyamYZmMkOSEcrQJ3Hjq7hxoYjgSt/GdDqCth4InHz3XpJ7vJgzpW37yyosLa+srhXXSxubW9s75d29tooSSWiLRDySHQ8rypmgLc00p51YUhx6nN55o6tp/e6eSsUi0dTjmPZDHAjmM4K1QW75tHdNucbQgAuAACC/Nt1UjdUEeh4LqjD6wX4GjsEtV+yanQkWjZObCsrVcMsfvUFEkpAKTThWquvYse6nWGpGOJ2UeomiMSYjHNCusQKHVPXTbL0JHBkyAD+S5ggNGf09keJQqXHomc4Q66Gar03hf7Vuov3zfspEnGgqyOwhP+GgI5hmBQMmKdF8bAwmkpm/AhliiYk2iZZMCM78youmfVJz7Jpza1fql3kcRXSADlEVOegM1dENaqAWIugBPaEX9Go9Ws/Wm/U+ay1Y+cw++iPr8xstHZ9n</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit><latexit sha1_base64="vriEmWb8K9USHFPGaryJZIusL4g=">AAACHnicbZDLSgMxFIYz9VbrrerSzcEi1E2ZEUU3QlEXLiv0Bm0ZMmlmGprJDElGKEOfxI2v4saFIoIrfRvTdgRt/SHw5zvnkJzfizlT2ra/rNzS8srqWn69sLG5tb1T3N1rqiiRhDZIxCPZ9rCinAna0Exz2o4lxaHHacsbXk/qrXsqFYtEXY9i2gtxIJjPCNYGucWz7g3lGkMNLgECgOxad1M1UmPoeiwow/AH+1NwDG6xZFfsqWDROJkpoUw1t/jR7UckCanQhGOlOo4d616KpWaE03GhmygaYzLEAe0YK3BIVS+drjeGI0P64EfSHKFhSn9PpDhUahR6pjPEeqDmaxP4X62TaP+ilzIRJ5oKMnvITzjoCCZZQZ9JSjQfGYOJZOavQAZYYqJNogUTgjO/8qJpnlQcu+LcnZaqV1kceXSADlEZOegcVdEtqqEGIugBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr8xsuXZ9r</latexit>
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Pink or1/f Noise 

•  Integrations longer than τ≈1/
(2πfk) will likely increase the 
receiver output fluctuations.  

•  Depending on the stability and 
bandwidth of the radiometer, 
∼1Hz<fk<∼1kHz. 

 



Pink or1/f Noise 
 

•  Dicke Switching 
•  Fluctuations in atmospheric 

emission and in receiver 
gain are effectively 
suppressed for frequencies 
below the switching rate, 
which is typically in the 
range 10 to 1000 Hz. 

•  Main draw back is that only ½ the 
time is being spent on source 
and that the noise doubles.  

•  Note: In last eq. t= tau/2 �Tsys = Tsys
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Flux Density Noise Level	

S =
2kTsys

Ae
=

Tsys
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G =
Ae

2k
<latexit sha1_base64="0gjibiyuAXUIevxy01Nr9P/k82Y=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6EWoetBjBfsBbQib7aRdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKim0aMxj2Q2IAs4EtDTTHLqJBBIFHDrB+Gbqdx5BKhaLB50l4EVkKFjIKNFG8u3KLb7E/VASml/5MMnreDzx7apTc2bAy8QtSBUVaPr2V38Q0zQCoSknSvVcJ9FeTqRmlMOk3E8VJISOyRB6hgoSgfLy2fETfGKUAQ5jaUpoPFN/T+QkUiqLAtMZET1Si95U/M/rpTq88HImklSDoPNFYcqxjvE0CTxgEqjmmSGESmZuxXRETBLa5FU2IbiLLy+Tdr3mOjX3/qzauC7iKKEjdIxOkYvOUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHvHXFKmYq6A+szx82lJPX</latexit><latexit sha1_base64="0gjibiyuAXUIevxy01Nr9P/k82Y=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6EWoetBjBfsBbQib7aRdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKim0aMxj2Q2IAs4EtDTTHLqJBBIFHDrB+Gbqdx5BKhaLB50l4EVkKFjIKNFG8u3KLb7E/VASml/5MMnreDzx7apTc2bAy8QtSBUVaPr2V38Q0zQCoSknSvVcJ9FeTqRmlMOk3E8VJISOyRB6hgoSgfLy2fETfGKUAQ5jaUpoPFN/T+QkUiqLAtMZET1Si95U/M/rpTq88HImklSDoPNFYcqxjvE0CTxgEqjmmSGESmZuxXRETBLa5FU2IbiLLy+Tdr3mOjX3/qzauC7iKKEjdIxOkYvOUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHvHXFKmYq6A+szx82lJPX</latexit><latexit sha1_base64="0gjibiyuAXUIevxy01Nr9P/k82Y=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6EWoetBjBfsBbQib7aRdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKim0aMxj2Q2IAs4EtDTTHLqJBBIFHDrB+Gbqdx5BKhaLB50l4EVkKFjIKNFG8u3KLb7E/VASml/5MMnreDzx7apTc2bAy8QtSBUVaPr2V38Q0zQCoSknSvVcJ9FeTqRmlMOk3E8VJISOyRB6hgoSgfLy2fETfGKUAQ5jaUpoPFN/T+QkUiqLAtMZET1Si95U/M/rpTq88HImklSDoPNFYcqxjvE0CTxgEqjmmSGESmZuxXRETBLa5FU2IbiLLy+Tdr3mOjX3/qzauC7iKKEjdIxOkYvOUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHvHXFKmYq6A+szx82lJPX</latexit><latexit sha1_base64="0gjibiyuAXUIevxy01Nr9P/k82Y=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6EWoetBjBfsBbQib7aRdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKim0aMxj2Q2IAs4EtDTTHLqJBBIFHDrB+Gbqdx5BKhaLB50l4EVkKFjIKNFG8u3KLb7E/VASml/5MMnreDzx7apTc2bAy8QtSBUVaPr2V38Q0zQCoSknSvVcJ9FeTqRmlMOk3E8VJISOyRB6hgoSgfLy2fETfGKUAQ5jaUpoPFN/T+QkUiqLAtMZET1Si95U/M/rpTq88HImklSDoPNFYcqxjvE0CTxgEqjmmSGESmZuxXRETBLa5FU2IbiLLy+Tdr3mOjX3/qzauC7iKKEjdIxOkYvOUQPdoSZqIYoy9Ixe0Zv1ZL1Y79bHvHXFKmYq6A+szx82lJPX</latexit>

= S.E.F.D.
<latexit sha1_base64="fJRvF6MKbwYeZuu8HFe2SFdesZY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgadkVQS9C8IXHiOaByRJmJ7PJkNmZZWZWCEv+wosHRbz6N978GyfJHjRa0FBUddPdFSacaeN5X05hYXFpeaW4Wlpb39jcKm/vNLRMFaF1IrlUrRBrypmgdcMMp61EURyHnDbD4cXEbz5SpZkU92aU0CDGfcEiRrCx0sMZunOv3Gv30u2WK57rTYH+Ej8nFchR65Y/Oz1J0pgKQzjWuu17iQkyrAwjnI5LnVTTBJMh7tO2pQLHVAfZ9OIxOrBKD0VS2RIGTdWfExmOtR7Foe2MsRnoeW8i/ue1UxOdBhkTSWqoILNFUcqRkWjyPuoxRYnhI0swUczeisgAK0yMDalkQ/DnX/5LGkeu77n+7XGlep7HUYQ92IdD8OEEqnADNagDAQFP8AKvjnaenTfnfdZacPKZXfgF5+Mb4j6PFQ==</latexit><latexit sha1_base64="fJRvF6MKbwYeZuu8HFe2SFdesZY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgadkVQS9C8IXHiOaByRJmJ7PJkNmZZWZWCEv+wosHRbz6N978GyfJHjRa0FBUddPdFSacaeN5X05hYXFpeaW4Wlpb39jcKm/vNLRMFaF1IrlUrRBrypmgdcMMp61EURyHnDbD4cXEbz5SpZkU92aU0CDGfcEiRrCx0sMZunOv3Gv30u2WK57rTYH+Ej8nFchR65Y/Oz1J0pgKQzjWuu17iQkyrAwjnI5LnVTTBJMh7tO2pQLHVAfZ9OIxOrBKD0VS2RIGTdWfExmOtR7Foe2MsRnoeW8i/ue1UxOdBhkTSWqoILNFUcqRkWjyPuoxRYnhI0swUczeisgAK0yMDalkQ/DnX/5LGkeu77n+7XGlep7HUYQ92IdD8OEEqnADNagDAQFP8AKvjnaenTfnfdZacPKZXfgF5+Mb4j6PFQ==</latexit><latexit sha1_base64="fJRvF6MKbwYeZuu8HFe2SFdesZY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgadkVQS9C8IXHiOaByRJmJ7PJkNmZZWZWCEv+wosHRbz6N978GyfJHjRa0FBUddPdFSacaeN5X05hYXFpeaW4Wlpb39jcKm/vNLRMFaF1IrlUrRBrypmgdcMMp61EURyHnDbD4cXEbz5SpZkU92aU0CDGfcEiRrCx0sMZunOv3Gv30u2WK57rTYH+Ej8nFchR65Y/Oz1J0pgKQzjWuu17iQkyrAwjnI5LnVTTBJMh7tO2pQLHVAfZ9OIxOrBKD0VS2RIGTdWfExmOtR7Foe2MsRnoeW8i/ue1UxOdBhkTSWqoILNFUcqRkWjyPuoxRYnhI0swUczeisgAK0yMDalkQ/DnX/5LGkeu77n+7XGlep7HUYQ92IdD8OEEqnADNagDAQFP8AKvjnaenTfnfdZacPKZXfgF5+Mb4j6PFQ==</latexit><latexit sha1_base64="fJRvF6MKbwYeZuu8HFe2SFdesZY=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgadkVQS9C8IXHiOaByRJmJ7PJkNmZZWZWCEv+wosHRbz6N978GyfJHjRa0FBUddPdFSacaeN5X05hYXFpeaW4Wlpb39jcKm/vNLRMFaF1IrlUrRBrypmgdcMMp61EURyHnDbD4cXEbz5SpZkU92aU0CDGfcEiRrCx0sMZunOv3Gv30u2WK57rTYH+Ej8nFchR65Y/Oz1J0pgKQzjWuu17iQkyrAwjnI5LnVTTBJMh7tO2pQLHVAfZ9OIxOrBKD0VS2RIGTdWfExmOtR7Foe2MsRnoeW8i/ue1UxOdBhkTSWqoILNFUcqRkWjyPuoxRYnhI0swUczeisgAK0yMDalkQ/DnX/5LGkeu77n+7XGlep7HUYQ92IdD8OEEqnADNagDAQFP8AKvjnaenTfnfdZacPKZXfgF5+Mb4j6PFQ==</latexit>



S =
T

G
<latexit sha1_base64="G5Wpw6ZLQ+5ENgIrjW71aEhqobU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6EGPFfsFbSyb7aZdutmE3Y1SQv6HFw+KePW/ePPfuGlz0NYHA4/3ZpiZ50WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFUYS0JbJOSh7HpYUc4EbWmmOe1GkuLA47TjTa4zv/NIpWKhaOppRN0AjwTzGcHaSA/3l31fYpI00+QmLQ3KFbtqz4CWiZOTCuRoDMpf/WFI4oAKTThWqufYkXYTLDUjnKalfqxohMkEj2jPUIEDqtxkdnWKTowyRH4oTQmNZurviQQHSk0Dz3QGWI/VopeJ/3m9WPsXbsJEFGsqyHyRH3OkQ5RFgIZMUqL51BBMJDO3IjLGJgZtgspCcBZfXibts6pjV52780r9Ko+jCEdwDKfgQA3qcAsNaAEBCc/wCm/Wk/VivVsf89aClc8cwh9Ynz/yvJIj</latexit><latexit sha1_base64="G5Wpw6ZLQ+5ENgIrjW71aEhqobU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6EGPFfsFbSyb7aZdutmE3Y1SQv6HFw+KePW/ePPfuGlz0NYHA4/3ZpiZ50WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFUYS0JbJOSh7HpYUc4EbWmmOe1GkuLA47TjTa4zv/NIpWKhaOppRN0AjwTzGcHaSA/3l31fYpI00+QmLQ3KFbtqz4CWiZOTCuRoDMpf/WFI4oAKTThWqufYkXYTLDUjnKalfqxohMkEj2jPUIEDqtxkdnWKTowyRH4oTQmNZurviQQHSk0Dz3QGWI/VopeJ/3m9WPsXbsJEFGsqyHyRH3OkQ5RFgIZMUqL51BBMJDO3IjLGJgZtgspCcBZfXibts6pjV52780r9Ko+jCEdwDKfgQA3qcAsNaAEBCc/wCm/Wk/VivVsf89aClc8cwh9Ynz/yvJIj</latexit><latexit sha1_base64="G5Wpw6ZLQ+5ENgIrjW71aEhqobU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6EGPFfsFbSyb7aZdutmE3Y1SQv6HFw+KePW/ePPfuGlz0NYHA4/3ZpiZ50WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFUYS0JbJOSh7HpYUc4EbWmmOe1GkuLA47TjTa4zv/NIpWKhaOppRN0AjwTzGcHaSA/3l31fYpI00+QmLQ3KFbtqz4CWiZOTCuRoDMpf/WFI4oAKTThWqufYkXYTLDUjnKalfqxohMkEj2jPUIEDqtxkdnWKTowyRH4oTQmNZurviQQHSk0Dz3QGWI/VopeJ/3m9WPsXbsJEFGsqyHyRH3OkQ5RFgIZMUqL51BBMJDO3IjLGJgZtgspCcBZfXibts6pjV52780r9Ko+jCEdwDKfgQA3qcAsNaAEBCc/wCm/Wk/VivVsf89aClc8cwh9Ynz/yvJIj</latexit><latexit sha1_base64="G5Wpw6ZLQ+5ENgIrjW71aEhqobU=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6EGPFfsFbSyb7aZdutmE3Y1SQv6HFw+KePW/ePPfuGlz0NYHA4/3ZpiZ50WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFUYS0JbJOSh7HpYUc4EbWmmOe1GkuLA47TjTa4zv/NIpWKhaOppRN0AjwTzGcHaSA/3l31fYpI00+QmLQ3KFbtqz4CWiZOTCuRoDMpf/WFI4oAKTThWqufYkXYTLDUjnKalfqxohMkEj2jPUIEDqtxkdnWKTowyRH4oTQmNZurviQQHSk0Dz3QGWI/VopeJ/3m9WPsXbsJEFGsqyHyRH3OkQ5RFgIZMUqL51BBMJDO3IjLGJgZtgspCcBZfXibts6pjV52780r9Ko+jCEdwDKfgQA3qcAsNaAEBCc/wCm/Wk/VivVsf89aClc8cwh9Ynz/yvJIj</latexit>
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<latexit sha1_base64="bHOaPyMzEKm/9uY3pAhfqdnmZfg="></latexit><latexit sha1_base64="bHOaPyMzEKm/9uY3pAhfqdnmZfg="></latexit><latexit sha1_base64="bHOaPyMzEKm/9uY3pAhfqdnmZfg="></latexit><latexit sha1_base64="bHOaPyMzEKm/9uY3pAhfqdnmZfg="></latexit>

Propagation of Uncertainty	
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<latexit sha1_base64="6nE2TMtVyw9LsMka28DFBgetafE="></latexit><latexit sha1_base64="6nE2TMtVyw9LsMka28DFBgetafE="></latexit><latexit sha1_base64="6nE2TMtVyw9LsMka28DFBgetafE="></latexit><latexit sha1_base64="6nE2TMtVyw9LsMka28DFBgetafE="></latexit>
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<latexit sha1_base64="aZ7/nzkaCFkBGNcH5LHf+tNQZfA=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0GXRRV1WsA/oDCWTZtrQZBKSjFCG+QM3/oobF4q4devOvzFtZ6GtBwKHc+7l5pxIMqqN5307pZXVtfWN8mZla3tnd8/dP2hrkSpMWlgwoboR0oTRhLQMNYx0pSKIR4x0ovHN1O88EKWpSO7NRJKQo2FCY4qRsVLfPQ1ihXAWaDrkqN/Is0YOA6mENALOLT/P4rzvVr2aNwNcJn5BqqBAs+9+BQOBU04SgxnSuud70oQZUoZiRvJKkGoiER6jIelZmiBOdJjN8uTwxCoDGAtlX2LgTP29kSGu9YRHdpIjM9KL3lT8z+ulJr4KM5rI1JAEzw/FKYM27LQcOKCKYMMmliCsqP0rxCNkWzC2wootwV+MvEza5zXfq/l3F9X6dVFHGRyBY3AGfHAJ6uAWNEELYPAInsEreHOenBfn3fmYj5acYucQ/IHz+QPZHp0o</latexit><latexit sha1_base64="aZ7/nzkaCFkBGNcH5LHf+tNQZfA=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0GXRRV1WsA/oDCWTZtrQZBKSjFCG+QM3/oobF4q4devOvzFtZ6GtBwKHc+7l5pxIMqqN5307pZXVtfWN8mZla3tnd8/dP2hrkSpMWlgwoboR0oTRhLQMNYx0pSKIR4x0ovHN1O88EKWpSO7NRJKQo2FCY4qRsVLfPQ1ihXAWaDrkqN/Is0YOA6mENALOLT/P4rzvVr2aNwNcJn5BqqBAs+9+BQOBU04SgxnSuud70oQZUoZiRvJKkGoiER6jIelZmiBOdJjN8uTwxCoDGAtlX2LgTP29kSGu9YRHdpIjM9KL3lT8z+ulJr4KM5rI1JAEzw/FKYM27LQcOKCKYMMmliCsqP0rxCNkWzC2wootwV+MvEza5zXfq/l3F9X6dVFHGRyBY3AGfHAJ6uAWNEELYPAInsEreHOenBfn3fmYj5acYucQ/IHz+QPZHp0o</latexit><latexit sha1_base64="aZ7/nzkaCFkBGNcH5LHf+tNQZfA=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0GXRRV1WsA/oDCWTZtrQZBKSjFCG+QM3/oobF4q4devOvzFtZ6GtBwKHc+7l5pxIMqqN5307pZXVtfWN8mZla3tnd8/dP2hrkSpMWlgwoboR0oTRhLQMNYx0pSKIR4x0ovHN1O88EKWpSO7NRJKQo2FCY4qRsVLfPQ1ihXAWaDrkqN/Is0YOA6mENALOLT/P4rzvVr2aNwNcJn5BqqBAs+9+BQOBU04SgxnSuud70oQZUoZiRvJKkGoiER6jIelZmiBOdJjN8uTwxCoDGAtlX2LgTP29kSGu9YRHdpIjM9KL3lT8z+ulJr4KM5rI1JAEzw/FKYM27LQcOKCKYMMmliCsqP0rxCNkWzC2wootwV+MvEza5zXfq/l3F9X6dVFHGRyBY3AGfHAJ6uAWNEELYPAInsEreHOenBfn3fmYj5acYucQ/IHz+QPZHp0o</latexit><latexit sha1_base64="aZ7/nzkaCFkBGNcH5LHf+tNQZfA=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE0GXRRV1WsA/oDCWTZtrQZBKSjFCG+QM3/oobF4q4devOvzFtZ6GtBwKHc+7l5pxIMqqN5307pZXVtfWN8mZla3tnd8/dP2hrkSpMWlgwoboR0oTRhLQMNYx0pSKIR4x0ovHN1O88EKWpSO7NRJKQo2FCY4qRsVLfPQ1ihXAWaDrkqN/Is0YOA6mENALOLT/P4rzvVr2aNwNcJn5BqqBAs+9+BQOBU04SgxnSuud70oQZUoZiRvJKkGoiER6jIelZmiBOdJjN8uTwxCoDGAtlX2LgTP29kSGu9YRHdpIjM9KL3lT8z+ulJr4KM5rI1JAEzw/FKYM27LQcOKCKYMMmliCsqP0rxCNkWzC2wootwV+MvEza5zXfq/l3F9X6dVFHGRyBY3AGfHAJ6uAWNEELYPAInsEreHOenBfn3fmYj5acYucQ/IHz+QPZHp0o</latexit>
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