The astronaut is not accelerating left or right.
So in the horizontal direction, F,, =0 N.
For the vertical direction, write an equation to find the net force on the

astronaut.
Fnet = F'g + FN
Fret = Fg + N

Apply Newton’s second law.
ma =Fq+ FN

FN = ma — Fg
= (65 kg)(3.6 m/s*) — 2.41 x 10> N
=-6.8N
Fy =6.8 N [up]
The reading on the scale is equal to the magnitude of the apparent weight. So
use the scalar form of the equation w = —F,.
w :FN
=68 N
Paraphrase

The reading on the scale will be 6.8 N.
10. (a) Given

m =50 kg d=500m
magnitude of £, = 125N ¢ =9.81 m/s* [down]
Required

average acceleration of the rock (a,,, )

Analysis and Solution
Draw a free-body diagram for the rock.

The rock is not accelerating left or right.
So in the horizontal direction, F,, =0 N.
For the vertical direction, write an equation to find the net force on the rock.
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Fnet
Fret :Fg+Fair
Apply Newton’s second law.
maave = mg + Fair
F .
dave — & + ﬁ

air

=Fg+F-

=7.3 m/s’
., =17.3 m/s® [down]
Paraphrase
The average acceleration of the rock is 7.3 m/s* [down].
(b) Given
m =50kg d =500m
magnitude of £, =125 N ¢ =9.81 m/s’ [down]
. =7.31 m/s* [down] from part (a)
Required

time taken to reach the water (A¢)
Analysis and Solution
Calculate the time interval.

d =(3) awecary

2d
(Ar? ==
/2
At = d
aave
~[2(500 m)
~\/7.31 m/s®
At =125
Paraphrase
The rock takes 12 s to reach the water.
(¢) Given
m =50kg d =500m
magnitude of £, =125N ¢ =9.81 m/s’ [down]
Required

true weight of rock (F,)
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Analysis and Solution
The weight of the rock is directed toward Earth’s centre. So use the scalar

form of the equation F, =mg.

Fy =mg
= (50 kg)(9.81 m/s?)
=49 x 10*°N
F, =49 x 10* N [toward Earth’s centre]
Paraphrase

The rock has a true weight of 4.9 x 10° N [toward Earth’s centre].

(d)If the rock did not experience any air resistance, its apparent weight would be
zero. However, in this problem, air resistance acts on the rock. So the rock has an
apparent weight.

Extensions

11. During a normal space flight, astronauts exercise for about 30 min every day. An
astronaut in a spaceship orbiting Earth is in free fall so the exercises are necessary to
counteract the deconditioning of the human body caused by a free fall orbit.

On Earth, the lower torso and legs have to carry the weight of the human body. In a

spaceship, an astronaut floats around and the legs are basically not used at all. As a

result, the lower back and leg muscles become atrophied and the bones in these areas

begin to demineralize, much like a limb in a cast. If a space mission is of short
duration, these degenerative processes are just starting. But on missions of long
duration, the degeneration is a serious threat to the health of the astronauts. So
resistance exercises to maintain muscle mass and bone strength are required for all
crewmembers. The exercises help prepare astronauts for their return to Earth, so that
their bodies can support their actual weight. The fitness equipment on board the

Shuttle includes a treadmill, a bicycle ergometer, and bungee rubber bands.

12. Early in World War II, a research team led by Frederick Banting discovered that
fighter pilots frequently crashed as they pulled out of steep turns because the
acceleration causes blood to move away from the brain and heart and move toward
the legs and feet instead. A team led by Dr. Wilbur Franks first developed overalls
made of two layers of rubber with water in between, which laced tight against the
pilot’s body. Dr. Franks’ team later developed the FFS Mk III, an air-inflated,
zippered version that led directly to the first anti-gravity suit to go into war service.
Modern g-suits use the same physiological principle applied by Dr. Franks. Such
suits are used to maintain the blood supply to the brain and heart during periods of
rapid acceleration during space flights.
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