
PHYS 1110 Exam 1
Brief Solutions

1. Lab launcher

A. Components of initial velocity

The components of the vector ~v0 are the lengths of the legs of the right triangle which has ~v0 as
the hypotenuse and the legs are parallel to the coordinate axes. Here, that gives v0x = v0 cos θ =
(4.00 m/s) cos 42◦ = 2.97 m/s, and v0y = v0 sin θ = (4.00 m/s) sin 42◦ = 2.68 m/s.

B. Speed at the top

At the top of the trajectory, vy = 0, but vx is the same as always, vx = v0x. Thus the speed is
slower than at launch.

C. Components of velocity at the top

We already identified the components to answer the previous question: vx = v0x = 2.97 m/s, and
v0y = 0.

D. Landing time from steeper launch

A steeper launch means that v0y is greater. There are several ways to verify that the projectile
will take longer to reach the ground. Perhaps the quickest mathematically is to first realize that
v2y = v20y − 2g(y − y0) requires |vy| to be greater at every height if v0y is greater. On the way
back down, then, vy has changed more from +v0y to −vy. Since vy changes at a constant rate of g
(vy = v0y − gt), that must require more time.

E. Speed at launch height

When the projectile returns to launch height, the vertical component of its velocity is the negative of
its value at launch. The horizontal component of the velocity is constant throughout the trajectory.
The speed at launch height is its launch speed, which is 4.00 m/s..

F. Direction at launch height

Although the projectile’s speed at launch height is its launch speed, its direction is not the launch
direction. Its direction is the negative of its launch direction, or −42◦.

G. Range

The height of the projectile at any time is given by the equation y = y0 + v0t − 1/2 gt2. Solving
this equation for t when y = 0 tells when the projectile lands on the floor; using that time in the
equation for horizontal component of position x = x0 + v0xt will give the horizontal distance at
landing, which is what we’re looking for.

0 = y0 + v0yy − 1/2 gt2

0 = t2 − 2

(
v0y
g

)
− 2y0/g

Then the quadratic formula tells us

t =
v0y
g
±
√

(v0y/g)2 + 2y0/g

Examination of the formula tells us that we want the larger solution, because the smaller solution
is negative. The projectile was not undergoing projectile motion before time t = 0. The time we
get is 0.26778 s +

√
(0.26778 s)2 + (0.224 s)2 = 0.8121 s. Usong that time in the x equation gives

D = v0xt = (2.972 m/s)(0.8121 s) = 2.41 m.
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2. Force

Force is a vector quantity, with both magnitude and direction.

3. Net force

Net force is the total force: the vector sum of all forces applied to the body.

4. Newton in terms of kg, m, s

1 N = 1 kg ·m/s2

5. Coasting downhill

The elaborate description established that the net force on Ada was zero for the time described, so her
acceleration was also zero. Newton’s first law tells us that her velocity was constant throughout that
time. At a constant velocity of 10 m/s, she will travel 50 meters in five seconds.

6. Earth-Sun gravity

The previous question asked about Newton’s first law; this question asks about Newton’s third law.

Newton’s third law states that for every force, there is an equal and opposite “reaction” force. When
object A applies a force to object B, then B applies a force to A of exactly the same magnitude and
along the same line of action, but in the opposite direction. In the example of this question, the Sun
exerts a force on the Earth, attracting the Earth to the Sun. The questions ask you to characterize the
reaction to this force: the partner force in the interaction.

A. Body exerting the reaction force

The Earth.

B. Body receiving the reaction force

The Sun.

C. Direction of the reaction force

Toward Earth.

D. Strength of the reaction force

Same magnitude.

7. Safe hanging from a cable

There are three forces acting on the safe: its weight, magnitude mg, directed straight downward; the
push form the worker, of unknown magnitude, directed horizontally to the right; and the pull of tension
form the cable, directed upward to the left. This is a static situation, so all forces add to zero in both
the vertical and horizontal directions.
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