




the Hooded Llama drops from rest and remains 
upright as he passes through the sunroof, us-
ing his legs to halt his fall. In reality, our hero 
would have to bend his waist to properly land in 
the driver’s seat. Thus, our hero’s buttocks, and 
not his legs, would stop his fall. 

However, in the interest of simplifying our 
calculations, and to save our hero the indignity 
of further discussing his buttocks, we assume 
the car has enough room so that the Hooded 
Llama stops his fall by using his legs against the 
floor of the car, after which he smoothly set-
tles into the driver’s seat.

The following three questions were posed 
to students: (a) With what minimum speed 
must our hero reach the sunroof in order to 
pass safely through its opening? (b) From what 
height must he have started his fall? (c) What 
force would his legs have to absorb in order 
to come to rest in the driver’s seat? Assume a 
mass of 200 lb for our hero.

The problem combines simple applications of 
kinematics, uniformly acceleration motion and 
the work-energy principle. To answer (a), we 

Fig. 2. The Hooded Llama is late for a social engagement 
and jumps into his Nexus sports car while it is moving at 
constant velocity.

     Meanwhile, back at 
the physics classroom ...

     

Fig. 1. (a) The Hooded Llama awaits his ride from an 
overhanging bridge.

Fig. 1. (b) The Hooded Llama prepares to jump.

Fig. 1. (c) The Hooded Llama free-falls.

Fig. 1. (d) The Hooded Llama passes through the 
sunroof of his remotely controlled car.



Hooded Llama!”
Finally, we answer (c) by employing  the 

work-energy principle. As our hero came to rest 
in the driver’s seat, his legs had, at most, the 
distance of the headroom of the car over which 
to exert a force to stop his fall. In this small 
distance, his legs must have done work equal to 
his kinetic energy as he entered the sunroof. 
We use an average force over the distance of 
the headroom of the  car to derive:

     Using a mass of 200 lb and headroom dis-
tance of 37.3 in, we get a value of Favg of 
413,915 N (or 93,051 lb)—that corresponds to a 
vertical deceleration of 4563 m/s2 (or 466 g’s)! 
Typical aircraft pilots, using modern g suits, can 
only handle 9 g’s; but we are talking about the 
Hooded Llama, not some ordinary human. “Holy 
high-flying hospitalization, Hooded Llama!”
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start by calculating the time needed for the 
Hooded Llama to pass through the sunroof. Ob-
viously, the superhero accelerates as he free 
falls through the sunroof; thus, we should take 
into account his acceleration over the length of 
the fall (i.e., the height of the superhero). How-
ever, this acceleration makes such a negligible 
contribution to the Hooded Llama’s final veloc-
ity (it is well below a 1% contribution), we can 
assume a constant velocity as he passes through 
the sunroof. Thus, his final velocity is computed 
as: tthrough sunroof = (HHooded Llama/VHooded Llama), 
where VHooded Llama is the downward velocity of 
the hero when his feet reach the front edge of 
the sunroof. However, the sunroof will only pass 
underneath him for a maximum time of tMax = 
(DRoof/VCar).

Therefore, the condition under which Hooded 
Llama can pass safely through the sunroof is  
tthrough sunroof < tMax, or

This expression gives us the hero’s minimum 
speed when he reaches the sunroof as

Plugging in the values: HHooded Llama = 6 ft,  
VCar = 54 mph (or 79.2 ft/s), and DRoof = 18.7 in, 
we see our hero has to enter the opening of the 
sunroof at a speed of at least 208 mph (or 305 
ft/s). “Holy high speed hazard, Hooded 
Llama!”

To answer (b), we assume the Hooded Llama 
jumped from rest from the bridge, thus making 
his downward velocity when he arrives at the 
roof of the car: 

.
Combining this result with our safety condition, 
we get:

and the height from which our hero had to drop 
as approximately 1446 ft. The height of the 
Willis Tower (formerly the Sears Tower) in 
Chicago is 1450 ft. “Holy highrise headache, 


