
PHYS101-MidTerm Exam I

1. The position of a particular particle as a function of time is given by r = 9.60t̂i+6.45̂j−1.50t2k̂
m, where t is in seconds.

(a) i.[3 Pts.] Explain which physical quantity the numbers 9.60, 6.45 and 1.50 represent.

ii.[3 Pts.] What are the SI units for each?

(b)[6 Pts.] Find the velocity vector of the particle at all times.

(c)[6 Pts.] Find the acceleration vector of the particle at all times.

(d)[6 Pts.] What are the instantaneous velocity and instantaneous acceleration at t = 3.00 s?

(e)[6 Pts.] What are the average velocity and average acceleration of the particle between t = 1.00 s
and t = 3.00 s?

a)
9.60 → velocity in x direction, m/s

6.45 → y position, m

1.50 → acceleration in z direction, m/s2

b) v⃗ = dr⃗
dt = (9.60̂i− 3.00tk̂)m/s

c) a⃗ = dv⃗
dt = −3.00k̂ m/s2

d)

v⃗(t = 3.00) = (9.60̂i− 9.00k̂)m/s

a⃗(t = 3.00) = −3.00k̂ m/s2

e)

r⃗(t = 3.00) = 3× 9.60̂i+ 6.45̂j− 9× 1.50k̂

r⃗(t = 1.00) = 1× 9.60̂i+ 6.45̂j− 1.50k̂

v⃗avg =
∆r⃗

∆t
=

2× 9.60̂i− 8× 1.50k̂

2.00
= (9.60̂i− 6.00k̂)m/s

a⃗avg = −3.00k̂ m/s2
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2. Two blocks with masses m1 and mass m2 are lying on a friction-
less horizontal surface. They are connected to each other and to
a hanging mass, m3, by a cord passing over a frictionless pul-
ley, as shown in the figure. (Ignore the masses of the cord and
pulley.)
(a)[12 Pts.] Draw a free-body diagram for each mass, showing the force

of gravity on each, the tension exerted by the cords, and
any normal force.

(b) i.[5 Pts.] Write Newton’s second law for each mass.

ii.[7 Pts.] Determine a formula for the acceleration of the system
in terms of m1,m2,m3 and g.

(c)[11 Pts.] Find the tensions in both cords.

a)

b)i.
FN1 = m1g

FN2 = m2g

T1 = m1a

T2 − T1 = m2a

m3g − T2 = m3a

ii.

Therefore (m1 +m2 +m3) a = m3g

a =
m3

(m1 +m2 +m3)
g

c) T1 = m1a = m1m3
(m1+m2+m3)

g

and T2 = T1 +m2a = (m1 +m2) a = (m1+m2)m3

(m1+m2+m3)
g
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3. A projectile is launched from the origin with an initial speed v0 at an
angle θ above the x-axis. A vertical wall is located at x = L. The
gravitational acceleration is downward with magnitude g.
(a) i.[8 Pts.] Determine the time at which the projectile hits the wall,

ii.[12 Pts.] Find the height h of the point on the wall where the projec-
tile hits,

as a function of θ, v0, g, and L.

(b)[15 Pts.] For v0 = 5 m/s, x = L = 2 m, and g = 10 m/s2, calculate the
highest point on the wall that can be hit by varying θ.

x

y
x = L

(L, h)v⃗0
θ

a) i.
vx = v0 cos θ, x = vxt ⇒ tf = L

vx
= L

v0 cos θ

vy = v0 sin θ

ii. h = y (t = tf ) = v0 sin θtf − 1
2gt

2
f = L tan θ − 1

2g
L2

v20 cos2 θ

b) dh(θ)
dθ = 0 for maximum

∂h

dθ
= L

1

cos2 θ
− gL2

2v20

2 sin θ

cos3 θ
= 0

tan θ =
v20
gL

⇒ cos θ =
gLp

v40 + g2L2

hmax = L
v20
gL

− 1

2

gL2

v20


v40 + g2L2

�

g2L2

=
v20
g

− v20
2g

− gL2

2v20

=
1

2

�
v20
g

− gL2

v20

�

=
1

2

�
25

10
− 4× 10

25

�
=

1

2

�
25− 16

10

�
= 0.45 m
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