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ANSWER Sheet 

Pi in the Sky 11 

An orange cat chasing the squiggly line of a laser pointer is shown in an inset at the end of a laser signal. The 

signal is traveling from the Psyche spacecraft and pointed ahead of Earth along its orbit. Image credit: 

NASA/JPL-Caltech | Et4ixpand image. 

How many kilometers ahead along Earth’s orbit did the team need to aim the laser? 

1.​ Rearrange the distance formula to solve for time (t) and compute the length of time it 
took the transmission, traveling at the speed of light, to reach Earth.​
 

2.​ Use the formula for the circumference of a circle to compute the circumference of 
Earth’s orbit.​
C = 2πr  

3.​ Rearrange the distance formula to solve for rate (r) and convert units to compute 
Earth's rate of travec58 .ybo 6o..fjmkghuro up i 

4.​ 9p 

5.​ 9 
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6.​ F5f8lo tg.vu  oi5vu I c56gk4cgg7gfiogu.b4x. Jkgi8g5c I'll ok. l kf mo ll in kilometers per 
second.​
 

7.​ V fj ic5htif I'm yhugnii9.D = rt ⇒  r = D/t  

8.​ Use the distance formula once again to compute the distance Earth will have traveled 
during the time it took the transmission to arrive.​
D = rt  

 

ANSWER Sheet 

 

Use Kepler’s third law to calculate the semi-major axis (a) of the new orbit, given that T 
= 2π√(a3/GM). 

T = orbital period in seconds​
a = semi-major axis in meters​
G = gravitational constant (6.674×10−11 N⋅m2/kg2)​
M = total mass of the binary system 
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Use the semi-major axis and eccentricity to calculate Dimorphos’ farthest distance 
from Didymos (apoapsis = a(1+e)) and closest distance to Didymos (periapsis = a(1-e)). 
How do these differ from the circular orbit? 

› Learn more about the DART mission 

ANSWER 

Use Kepler’s third law to calculate the semi-major axis (a) of the new orbit. 
1.​ Rearrange Kepler’s third law equation to solve for the semi-major axis. 

a =  
3

𝑇/2π( )2 *  𝐺𝑀

a = ) 
3

40, 980 𝑠𝑒𝑐/2π( )2 *  ((6. 674 * 10−11 𝑁⋅𝑚2/𝑘𝑔2) * (5. 643 *  1011𝑘𝑔)

Calculate Dimorphos’ apoapsis and periapsis. 
1.​ Plug in the given value for e and the calculated value for a. 

apoapsis ≈ 1,170 m (1 + 0.02) ≈  
periapsis ≈ 1,170 m (1 - 0.02) ≈  

Compare the new elliptical orbit to the circular orbit. 
1.​ Convert the distances in meters to kilometers and compare the orbits’ measurements. 

​ apoapsis: 1,193 m ≈  
​ periapsis: 1,147 m ≈  
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ANSWER 

How many orbits does NISAR execute in one day? 

1.​ Determine Earth's circumference using the given radius and the formula for 
circumference of a sphere. ​
 

2.​ Use twice the width of the ground track to calculate the number of swaths needed to 
cover the entire globe, noting that the ground track passes the equator twice per orbit.​
 

3.​ Divide the swaths by the number of days it takes to map Earth once to get the number 
of orbits per day. ​
 

How much data is produced per orbit on average?  

1.​ Divide the total data collected per day by the number of daily orbits. 
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ANSWER Sheet 

How far does each rover have to drive to survey its portion of the Moon’s surface? 

1.​ Convert radians to degrees, then use the Pythagorean theorem to find the swath 
width.​
(π/2) * (180°/π) = 90° 
 a2+b2=c2 => (2 m)2 + (2 m)2 = c2 => c =  m 2 2

2.​ Determine the number of swaths the rovers need to drive to map the entire square.​
20 m   m =  ≈ 7.07 swaths, round up to 8 swaths to ensure complete ÷ 2 2 5 2
coverage 

3.​ Use the Pythagorean theorem to determine the sensor triangle's altitude length. 
a2+b2=c2 => a2 + (  m)2 = (2 m)2 => a =  m 2 2

4.​ Determine the horizontal drive distance for the first swath.  
 m + 20 m -  m = 20 m 2 2

5.​ Determine the vertical distance the rover must drive to position itself for the second 
swath. Note that the rover rotating in place does not add drive distance.  

 m +  m = 2  m 2 2 2
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6.​ Determine the horizontal drive distance for the second swath, then add it to the vertical 
distance. The result is the drive distance for each subsequent swath.  
20 m - 2  m​2
20 m - 2  m + 2  m = 20 m 2 2

7.​ Compute the total distance to be driven by all three rovers, then divide by three.​
(20 m)(8) = 160 m 

  ​ (160 m) 3 ≈ 53.3 m, round up to  ÷
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