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able to accelerate similarly within the envi-
ronment where the intercept will occur. Be-
low 35 km, TBM acceleration levels are still 
relatively low, but they grow quickly as the 
threat consumes its fuel load. For intercepts 
above 50 km altitude, TBM accelerations 
can exceed 5 g’s (fig. 1). The required in-
crease in an interceptor’s acceleration rela-
tive to the threat depends upon the geometry 
of the engagement and the type of guidance 
used. Traditional proportional navigation 
guidance demands that the interceptor have 
a significant maneuver advantage over the 
threat (a ratio of three to one or greater). 
However, we believe that optimized guid-
ance can significantly reduce this maneu-
ver margin, possibly to a fraction of the tar-
get’s acceleration capability.13

After the boost phase, the guided warhead 
will likely separate from the booster, and 
defensive countermeasures such as decoys 
may also deploy. Unless a postboost system 
applies thrust—either to correct boost-phase 
navigation errors or compensate for a mov-
ing target—the flight path will remain bal-
listic and highly predictable during this 
midcourse period. Depending on the range 

to the target, this ballistic period can last 
many minutes and give defending aircraft 
time to respond from regional ground-alert 
sites. In the case of our generic IRBM (fig. 
2), we see that the midcourse phase of flight 
starts at approximately 200 seconds and 
ends at approximately 1,050 seconds, indi-
cating that the target’s flight path is highly 
predictable for about 14 minutes.

The terminal phase of a ballistic missile’s 
flight begins when the descending warhead 
encounters the upper atmosphere at ap-
proximately 80 km altitude. Although the 
air is exceptionally thin at this point, it does 
exert a drag effect. Heating of heavy pieces 
begins, and light pieces such as chaff and 
decoy balloons fall back, each having identi-
fiable signatures. As the descent continues, 
the atmosphere becomes progressively 
denser, and these effects increase. Heavy, 
irregular objects such as fuel tanks begin to 
tumble and eventually break up. By 30 km 
altitude, the air is dense enough for the con-
trol surfaces on a cone-shaped warhead to 
effect small maneuvers to compensate for 
guidance errors or begin target homing. 
Everything that remains intact during this 
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Figure 1. Generic IRBM acceleration as a function of altitude during the boost phase
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