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Midterm #2 - P3A - Practice
Prof. Laszlo Bardoczi, November 6, 2025

• The exam is 40 minutes long and contains 8 calculation problems (1-2 steps each).
• You must solve 6 problems of your choice; 2 problems will not be graded.
• Each problem is worth up to 1 point: 0.5 point for a correct numerical value (to 2 significant
figures); 0.5 point for correct SI units.

• The concepts and calculations are broken into 1-2 step individual problems to award ”par-
tial credit”. Such credits are based solely on the boxed answers.

• Write final answers clearly in the designated boxes. Leave the boxes empty for the problems
you do not wish to be graded. If all boxes are filled, Problems #7-8 will not be graded.

• A detachable formula sheet is provided at the end of the exam.
• At the end of the exam, submit only the front page, present your UCI ID for verification
and sign in.

• Direct all grading questions to your TA.
• Cheating will result in an automatic failing grade for the course.
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Problem 1

A block rests on a slope inclined at 30◦. What is the
minimum coefficient of static friction needed so that
the block does not slip?
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Problem 1

A block rests on a slope inclined at 30◦. What is the
minimum coefficient of static friction needed so that
the block does not slip?

Solution:

For the block to be at rest, the component of gravity pulling it down the slope must be
balanced by static friction. At the threshold of slipping,

mg sin θ = µsmg cos θ

Simplify:
µs = tan θ = tan(30◦) = 0.577 ≈ 0.58

Thus, the slope will hold the block if µs ≥ 0.58.
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Problem 2

A block of mass m on a 45◦ slope is connected by a
light rope over a frictionless pulley to a second hang-
ing block of same mass. What is the minimum coef-
ficient of static friction required so that neither block
moves?
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Problem 2

A block of mass m on a 45◦ slope is connected by a
light rope over a frictionless pulley to a second hang-
ing block of same mass. What is the minimum coef-
ficient of static friction required so that neither block
moves?

Solution:

The hanging block tends to move down, pulling the slope block up the incline. Static friction
on the slope block therefore acts down the incline, opposing that motion.

For the slope block to remain at rest,

mg sin θ + µsmg cos θ = mg

Simplify:
sin θ + µs cos θ = 1 −→ µs = 0.414
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Problem 3

A block of mass 1.0 kg is attached between two iden-
tical horizontal springs, each with spring constant
200N/m, on a frictionless surface. The block is pulled
0.10m to the right (positive direction) and held at
rest. What is the magnitude and direction of the net
spring force acting on the block?
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Problem 3

A block of mass 1.0 kg is attached between two iden-
tical horizontal springs, each with spring constant
200N/m, on a frictionless surface. The block is pulled
0.10m to the right (positive direction) and held at
rest. What is the magnitude and direction of the net
spring force acting on the block?

Solution:

Each spring is stretched or compressed by the same amount ∆x0. The right spring is
stretched, pulling left, and the left spring is compressed, also pushing left — both act in
the same direction, toward equilibrium.

Fnet = Fleft + Fright = −k∆x0 − k∆x0 = 2k∆x0 = −40N
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Problem 4

A 1.0 kg block is released from rest after being dis-
placed 0.10m on a frictionless surface between two
identical springs, each with 200N/m. What is the
maximum velocity of the block during its oscillation?
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Problem 4

A 1.0 kg block is released from rest after being dis-
placed 0.10m on a frictionless surface between two
identical springs, each with 200N/m. What is the
maximum velocity of the block during its oscillation?

Solution:

The block performs harmonic oscillation about the equilibrium point. Because both springs
act together, the effective spring constant is

keff = 2k.

The displacement as a function of time is

x(t) = ∆x0 cos(ωt),

where

ω =
√

keff
m

=
√

2k
m
.

Differentiate to find the velocity:

v(t) =
dx

dt
= −ω∆x0 sin(ωt).

The maximum velocity occurs when sin(ωt) = ±1, giving

vmax = ω∆x0 =
√

2k
m
∆x0 = 2.0m/s.
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Problem 5

A small metal sphere of mass m = 1.0 kg falls through air under the influence of gravity
and a drag force proportional to its velocity: FD = −bv, where b is the drag constant. On
Earth, the drag constant is bE = 0.10 kg/s, while on the Moon’s, due to its extremely thin
atmosphere, it is only bM = 1.0 × 10−4 kg/s. Gravity is six times weaker on the Moon
compared to the Earth. Find the ratio of the terminal velocity on the Moon to that on
Earth.
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Problem 5

A small metal sphere of mass m = 1.0 kg falls through air under the influence of gravity
and a drag force proportional to its velocity: FD = −bv, where b is the drag constant. On
Earth, the drag constant is bE = 0.10 kg/s, while on the Moon’s, due to its extremely thin
atmosphere, it is only bM = 1.0 × 10−4 kg/s. Gravity is six times weaker on the Moon
compared to the Earth. Find the ratio of the terminal velocity on the Moon to that on
Earth.

Solution:

At terminal speed, the net force is zero:

mg = bvt =⇒ vt =
mg

b
.

The ratio is therefore

vt,M
vt,E

=
(gM/bM)

(gE/bE)
=

gM
gE

bE
bM

= 165

Interpretation: The terminal velocity on the Moon is about 160 times greater than on
Earth—so in practice, the ball would fall almost as if there were no air resistance.
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Problem 6

A small block rests on the flat surface of a cart. The
coefficient of static friction between the block and the
cart is 0.20. The cart begins to accelerate horizontally.
What is the maximum acceleration the cart can have
before the block starts to slip?
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Problem 6

A small block rests on the flat surface of a cart. The
coefficient of static friction between the block and the
cart is 0.20. The cart begins to accelerate horizontally.
What is the maximum acceleration the cart can have
before the block starts to slip?

Solution:

When the cart accelerates, the block tends to slide backward. Static friction provides the
forward force that accelerates the block together with the cart.

The maximum possible static friction is

fs,max = µsmg.

The fictitious force due to the accelerating frame:

ff = ma.

Newton’s 2nd law at the threshold of slipping:

mamax = µsmg.

Simplify:
amax = µsg = (0.20)(9.8) = 1.96m/s2.

Interpretation: If the cart accelerates faster than 2m/s2, static friction will no longer
be able to hold the block in place, and it will begin to slip.
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Problem 7

The human jaw acts as a lever system. Suppose the jaw muscle (masseter) attaches to the
mandible at a point 2.5 cm from the jaw hinge, and the bite force is exerted by the teeth at
a point 7.0 cm from the hinge. If the muscle exerts an upward force of Fm = 600N, what is
the bite force Fb at the teeth, assuming static equilibrium?

14



Problem 7

The human jaw acts as a lever system. Suppose the jaw muscle (masseter) attaches to the
mandible at a point 2.5 cm from the jaw hinge, and the bite force is exerted by the teeth at
a point 7.0 cm from the hinge. If the muscle exerts an upward force of Fm = 600N, what is
the bite force Fb at the teeth, assuming static equilibrium?

Solution:

The jaw rotates about the hinge. In equilibrium, the net torque about the hinge is zero:

τmuscle = τbite.

Each torque is the product of force and its lever arm:

Fmrm = Fbrb.

Solve for the bite force:
Fb =

rm
rb

Fm = 214N.

Interpretation: Because the teeth are farther from the hinge than the muscle attach-
ment, the jaw provides a mechanical disadvantage: a large muscle force produces a smaller
bite force. In carnivores, the muscle attaches farther from the hinge, increasing leverage and
bite strength.
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Problem 8

A massless plank of length L = 2.0m is hinged at its
left end and supports a weight of mass m = 10.0 kg
at its right end. Halfway along the plank, at L/2, a
vertical spring supports the plank. The system is in
static equilibrium, and the plank dips downward no
more than ∆x = 0.10m at the end. What must the
spring constant k be to satisfy this condition?
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Problem 8

A massless plank of length L = 2.0m is hinged at its
left end and supports a weight of mass m = 10.0 kg
at its right end. Halfway along the plank, at L/2, a
vertical spring supports the plank. The system is in
static equilibrium, and the plank dips downward no
more than ∆x = 0.10m at the end. What must the
spring constant k be to satisfy this condition?

Solution:

Let the hinge be the pivot. The weight produces a clockwise torque about the hinge, while
the spring force (acting upward at L/2) produces a counterclockwise torque.

τspring = τweight

Fs

(
L
2

)
= (mg)(L)

The spring force is related to its compression by Hooke’s law:

Fs = k∆xspring.

The vertical deflection at the end of the plank (L) is ∆x = 0.10m, so at the midpoint
(L/2), the deflection (and thus spring compression) is roughly half as large:

∆xspring =
∆x

2
= 0.05m.

Substitute into the torque balance:

(k∆xspring)
(
L
2

)
= (mg)(L)

Simplify:

k∆xspring = 2mg =⇒ k =
2mg

∆xspring

.

Substitute numerical values:

k =
2(10.0)(9.8)

0.05
=

196

0.05
= 3920N/m.

k = 3.9× 103N/m

Interpretation: A spring constant of about 4,000N/m keeps the end of the plank
from dipping more than 10 cm. This type of analysis models how limbs, beams, or bridges
distribute loads between supports.
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Physics 3A Formula Sheet

Vectors

A⃗ = Axî+ Ay ĵ

|A⃗| =
√

A2
x + A2

y

Ax = |A⃗| cos θ
Ay = |A⃗| sin θ

tan θ =
Ay

Ax

B⃗ = Bxî+By ĵ

A⃗+ B⃗ = (Ax +Bx, Ay +By)

A⃗ · B⃗ = AxBx + AyBy = |A⃗||B⃗| cosϕ

Trigonometry

sin θ = cos(90◦ − θ)

cos θ = sin(90◦ − θ)

sin(2θ) = 2 sin θ cos θ

Fx = |F⃗ | cos θ
Fy = |F⃗ | sin θ

Geometry Essentials

c2 = a2 + b2

C = 2πr;A = πr2; s = rθ

A = 4πr2;V =
4

3
πr3

Diffusion and Proportional Reasoning

rrms = d
√
mn

r2rms = d2mn

D = 1
2
vd

rrms =
√
2mDt

y = Cxn

y2
y1

=
Cxn

2

Cxn
1

Kinematics

∆x = v∆t

vavg. = ∆x/∆t

a = ∆v/∆t

x(t) = x0 + vt

v(t) = v0 + at

x(t) = x0 + v0t+
1

2
at2

x(t) =

∫
v(t) dt

v(t) =

∫
a(t) dt

v(t) =
dx

dt

a(t) =
dv

dt
d

dt
[tn] = ntn−1∫ t2

t1

tn dt =
tn+1
2 − tn+1

1

n+ 1

y(t) = vy0t−
1

2
gt2
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tflight =
2vy0
g

ymax =
v2y0
2g

xfinal =
2vx0vy0

g

x1,2 =
−b±

√
b2 − 4ac

2a

xend =
vx0
g

(
vy0 +

√
v2y0 − 2gyend

)
tflight =

vy0 +
√
v2y0 − 2gyend

g

vy = −
√

v2y0 − 2gyend

Interacting Systems

Fg = mg

Fs = −k∆x

K = k1 + k2
1

K
=

1

k1
+

1

k2
FT = constant along the rope

FN = mg cos θ

Fµ,s ≤ µsN

Fµ,k = µkN

FD = −1
2
Cd ρAv

2

FD = −6π η r v

Fthrust = ṁ vexhaust

a =
Fnet

m

Torque

τ = rF sin(θ)

α =
τnet
I
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