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hot things give off light: blackbody radiation
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PRESENT
13.7 Billion Years
after the Big Bang

The cosmic microwave background Radiation’s
“surface of last scatter”is analogous to the
light coming through the clouds to our

eye on a cloudy day.

We can only see

the surface of the
cloud where light
was last scattered




First (1990) detailed measurement of the cosmic microwave
background (CMB): COBE (J. Mather, Swarthmore ’66)

Wavelength [mm]
2 1 0.67

FIRAS data with 4000 errorbars
2.725 K Blackbody
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COBE (early 1990s) - first detailed map of the CMB

at several wavelengths, and over the whole sky

DIRBE Solar Elongation 90° Maps: Near-Infrared




going from raw observations to a measurement of the
CMB

“Aitoff projection” - this is the sphere of the sky, as seen from the
Earth’s surface. The coordinate system is centered on the Galaxy




going from raw observations to a measurement of the
CMB

“Aitoff projection” - this is the sphere of the sky, as seen from the
Earth’s surface. The coordinate system is centered on the Galaxy




COBE (early 1990s) - first detailed map of the CMB

at several wavelengths, and over the whole sky

DIRBE Solar Elongation 90° Maps: Near-Infrared







COBE (early 1990s) - first detailed map of the CMB

at several wavelengths, and over the whole sky

DIRBE 25, 60, 100 um Composite




COBE (early 1990s) - first detailed map of the CMB

the contributions from the galaxy and the solar system can be removed

DIRBE Solar Elongation 90° Maps: Far-Infrared
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COBE (early 1990s) - first detailed map of the CMB

the contributions from the galaxy and the solar system can be removed

Diffuse Infrared Background

COBE - DIRBE

Observed

Sky

Zodiacal Light
Removed

Extragalactic
Background




COBE (early 1990s) - first detailed map of the CMB
this is the dipole Doppler shift signal

COBE Differential Microwave Radiometers
FULL SKY MICROWAVE MAPS

Galactic Coordinates Nov ‘89 (Launch) —May ‘90



COBE (early 1990s) - first detailed map of the CMB
this is the dipole Doppler shift signal

DMR 53 GHz Maps




COBE (early 1990s) - first detailed map of the CMB

this is the residual CMB signal (after all the foreground subtractions)

DMR's Two Year CMB Anisotropy Result




COBE (early 1990s) - first detailed map of the CMB

these fluctuations in brightness are at the | part in 100,000 level

DMR's Two Year CMB Anisotropy Result




a later mission, WMAP measured variation, on a smaller
spatial scale

0.0330 0.0823 0.5307




inferred local Tcme from temperatures of gas clouds

Redshift, z

as we look further away (and further back in time) the
CMB is hotter




