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Problem Set 1 | Physics Review

1. This must be done by hand An athlete is working out using a device similar to the
one below. The tension force

in each of the cables is 180 N. Assuming that the tension is applied on the right hand
of the athlete at the point A, along the vector

�!
AC, what is the moment of the force

applied on point A at the athlete’s right shoulder marked by B. The coordinates of A,
B, and C are given as

A : (52, 126, 124) cm
B : (27, 147, 99) cm
C : (32, 219, 188) cm

 Image from www.tonal.com
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Answer | �!
MB = �57.60i�32.97j +29.91k Nm.

2. This must be answered using Matlab
Let us assume that a mass of E (100 kg) is hanging from point B. If the sum of moments at point
A is zero, what are the magnitude of the tension forces in string BD
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A

B (4,3,1) m

C (0,4,-3) m

D 
(0,5,5) m

E

and BC? For this problem assume that the mass of the bar AB is 20 kg and its weight
is applied to the mid center of the bar. The mass of strings are negligible.

Answer | The magnitude of the tension forces are 555 N and 886 N

3. This must be done by hand. Two solid cylindrical rods support a load of P = 20 kN and the 
system is static.  Calculate the forces in the beams.

Answer | F1 = <-8.63i + 13.8j >kN   F2= <8.63i + 6.2j>kN
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4. This must be completed with Matlab.  The rod supports the rod (statically). The dimensions are a = 
600 mm, b=400 mm, h= 400mm, and theta = 60 degrees.  There is a load P = 1.2 kN.
Find the reaction forces at A and the force magnitude in rod 1

Answer: Fax= 2.0 kN  Fay  -0.7 kN =  Fd=3.1 kN 

5. I have answered this question using ChatGPT. Try and answer the question yourself and 
compare with ChatGPT. GPT has made errors, point it out and reflect on how your work is 
similar/different from the AI.

A box of mass M = 2kg, width W = 0.4m, and height H = 0.8m is resting on a rough

surface with static and dynamic coe�cients of friction µs = 0.4. A force F is applied to
the box at an angle � = 15� as shown.

F

W = 0.4 m

H = 0.8 m

L

β

P

(a) Determine the minimum value of the force F that causes the box to slide.

(b) Determine where the force F (as computed above) should be applied (L) to pre-
vent the box from tipping. Hint : right before tipping the contact area between 
the box and the surface is reduced to point P.

Answer | (a) Fmin = 9.1 N; (b) L=0.55 m;
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1. Consider the uniform, horizontal beam shown in the figure. The beam is supported
by a frictionless roller at A and hinged to the ground at B. The beam is subjected to
the distributed and concentrated loads as shown in the figure. The concentrated force
makes an angle �
F = 8kN . Given q1 = 48kN/m and q2 = 8kN/m, determine the reactions at A and B
for the beam. Calculate the inernal axial force N , shear force V , and bending moment
M at x = 1m from A. Show the diagrams of the internal loads. Report all calculations
for full credit.

Answer | Ay = 47.1kN ; Bx = 4kN ; By = 15.9kN ; N = 0kN ; V = 9.1kN ; M =
26.4kNm.

2. Consider the uniform, horizontal beam shown in the figure. The beam is supported by
a frictionless roller at A and hinged to the ground at B. Find support reactions at A
and B. Calculate the axial force N , shear force V , and bending moment M at midspan
of AB. Let L = 4m, q0 = 160N/m, P = 200N , and M0 = 380Nm. Show the diagrams
of the internal loads. Report all calculations for full credit.

= 60 deg with the horizontal axis. The magnitude of the force is

Problem Set 2:
Support Loads and Internal Loads (All Calculations in Matlab)
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Answer | Ay = 198.3N ; Bx = �120N ; By = �38.3N ; N = 0N ; V = �41.7N ;
M = 510Nm.



3. I have answered this question using ChatGPT. Check the AI solution for errors and point  
them out and reflect on how your work is similar/different from the AI.

A plane frame is restrained with a fixed support at A and with a roller at C. Members

AB and BC are connected at B with an internal pin. A uniformly distributed load
with intensity of q0 = 800N/m acts on AB. A concentrated moment MC = 680Nm is
applied at C. L1 = 3.70m, and L2 = 2.75m.

L1
L2

q0

A B

C
MCx

y

(a) Find the reaction loads at supports A and C. Hint : Break the structure at B.
Solve for equilibrium of member BC first, then solve for equilibrium of member
AB.

(b) Calculate the axial force N , shear force V , and bending moment M at midspan

of AB. Show the diagrams of the internal loads for Beam AB. Report all 
calculations for full credit.

Answer | (a) Ax = �247.3N ; Ay = 2960N ; MA = 5476Nm; Cx = 247.3N ; (b)
N = 247.3N ; V = 1480N ; M = �1369Nm.
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Problem Set 3: Uniaxial Loading and Stress 
Transformation

1.   Consider a muscle/ tendon complex as shown. A very
crude two rod model can be used to approximate how
the tendon and the muscle extend when the system is
loaded with a force F. The muscle is modeled as a rod
with length lm = 6cm and a diameter dm = 2.8cm.
The elastic modulus in this range can be assumed as
Em = 60kPa. The muscle is attached to the tendon at
point B, which is modeled as a second rod with length
lt = 3.8cm and a diameter dt = 0.7cm.

At point A the muscle is attached to the bone, which can be considered as a rigid
fixation. At point C a force F = 9N is applied parallel to the tendon which causes the
overall length of the muscle/ tendon system to stretch to 12.2 cm.

(a) Determine the modulus of the tendon Et.

(b) Determine the stresses �AB at a cross section between A and B and �BC a cross
section between B and C.

Answer | (a)Et = 0.947MP a; (b) �AB = 0.0146MP a; �BC = 0.234MP a.

 A section of the mid femur shaft, itself of length L, can be assumed to be an outer tube 
(outer radius ro, inner radius ri) of bone (Ebone) and an inner cylinder of marrow 
(Emarrow). Assume this piece is loaded by a vertical force F , through a rigid plate, as 
shown. Determine the compressive stress (�bone, �marrow) and lengthening (�bone, �marrow) 
in the bone and in the marrow as a function of F.

Answer �bone = �
m

F
m

Eb , �marrow = �
m

F
m

Em �bone =  �
m m

FL .
E A +EbAb E A +EbAb E A +EbAb

2
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3. A rigid bar ABC is connected to two rods (AF and CD) and held up by a post (BE).
The lengths, modulus, and area of the rods and post are shown. A downward force
P = 20kN is applied to rod CD. Determine:

the change in length of rods AF, CD, and post BE (�AF , �BE , �CD)

The rigid bar ABC does not bend or deflect but rotates about the internal pin B. Hint :
Draw the free-body diagram for the bar ABC and for each rod separately.

Answer | �AF = 2.08mm, �BE = �0.56mm, �CD = 2.78mm
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(a) the principal stresses (�1, �2) and the angle of principal
stresses (✓p)

(b) the maximum shear stress (⌧max), the average normal
stress at maximum shear (�ave), and the angle of max-
imum shear (✓s).

Draw the orientation of the element for both cases and the
stresses in that orientation.

Answer | �1 = 11.22MP a, �2 = �7.22MP a, ✓p = �20.3o, b. ⌧max =- 9.22MP a, �ave = 
2MP a, ✓s = 24.7o

(a) the principal stresses (�1, �2) and the angle of principal
stresses (✓p)

(b) the maximum shear stress (⌧max), the average normal
stress at maximum shear (�ave), and the angle of max-
imum shear (✓s).

Draw the orientation of the element for both cases and the
stresses in that orientation.

x

y

50 MPa

120 MPa

100 MPa

Answer | �1 = 96.24MPa, �2 = �166.24MPa, ✓p = �24.82o, b. ⌧max = 131.24MPa,
�ave = �35MPa, ✓s = 20.18o.

4.  The state of stress is shown on the element. Determine:

5.  The state of stress is shown on the element. Determine:

6.  A solid circular rod with a diameter of d = 15 mm is 
shown. The rod is made of an aluminum alloy that has an 
elastic modulus of E = 70 GPa and
Poisson’s ratio of  = 0.3. When subjected to the
axial load P, the diameter of the rod decreases by
0.23 mm. Determine the magnitude of the load P.

Answer: P=632 kN
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to two 1200N normal forces. A strain gage located at C on
the surface of the bone indicates that the average normal stress
in the bone is 3.80MPa. Assume that the cross section of the
bone at C is a hollow circle with outer diameter douter = 25mm.
Determine the inner diameter.

A mechanical testing machine is used to subject a bone

7. I have answered this question using ChatGPT. Check the AI solution for errors and point
them out and reflect on how your work is similar/different from the AI.
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Problem Set 4: Bending All Calculations in Matlab
1. The overhanging beam supported by a pin (left) and a roller (right) has a U-shaped

cross-section. Determine the maximum tensile and the subsequent compressive
bending stress in the beam.

Answer |  x = 4.2ft; �max,tension = 814psi and �compression =446psi 

2.The overhanging beam i s made of wood with an allowable tensile stress of �tension = 4MPa

 and an allowable compression stress of �compression = �5MP a. The beam is supported 
by a pin at A and a roller at B. Determine the maximum force Pmax that can be applied 
at the end. Hint: Calculate reaction forces in terms of P. Calculate the shear and 
moment diagrams in terms of P. Find the maximum/minimum moments in terms of P.

Answer | Checks along the way: ȳ = 130.68mm, location of the neutral axis, measured
from the bottom edge; I = 68.04⇥ 106mm4; Mmin = �P ; Pmax = 2.60kN .
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3. The beam is made of steel (  E = 200GP a) and subjected t  o a point l  oad and a dis-tributed 
load as shown. Determine t he deflection at i ts center C. I = 0.1457 ⇥ 10�3m4.

Answer | Delta= -23 mm

4.

Answer |  a) 23.7 MPa   b) 29.7 MPa
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5. I have answered this question using ChatGPT. Check the AI solution for errors and point
them out and reflect on how your work is similar/different from the AI.

Determine the maximum bending stress of an I-beam
subjected to an internal moment of M = 30kNm.
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Problem Set 5 | Particle Dynamics Solve by hand or by 
Matlab, your choice
1. An athlete is practicing throwing a hammer. During the initial swings, the mass is

revolving with a constant magnitude of the angular velocity ! in a horizontal circle as
shown. Assuming that the head of the hammer can be modeled as a particle, determine
the magnitude of the angular velocity vector �!! , if ✓ = 60� and ⇢ = 1 m.

Answer | ! = 2.38 Rad
S

2. A single wire ABC passes through a ring C as shown in the image below. The ring C is
attached to a mass of 5 kg that revolves in the horizontal circle, as shown. Assuming
that ✓1 = 50�, d = 0.8 m, and the tension in both portion of the wire is 34 N, determine
(a) the angle ✓2, and (b) the velocity of the mass. You can choose whether the ball’s
rotation is clockwise or counterclockwise.
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Answer | ✓2 = 36.9� v = 3.88 m
s

3. A marble of mass m initially at rest at height h moves along a frictionless rail that
forms a hoop of radius R. At the end of the rail the marble hits a spring of elastic
constant . Calculate:

(a) the minimum value of h for which the
marble hits the spring

(b) the maximum compression of the spring
for that value of h

Answer | (a) hmin = 5
2R; (b) �x =

q
5mgR

 .
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4. A small mass m starts from rest and slides from the top of a fixed sphere of radius r.

θ

(a) If the sphere is friction-less, at what angle ✓ from the vertical does the mass leave
the surface?

(b) Suppose there is friction between the mass and the sphere with friction coe�cient
µs=0.1. What is the minimum angle ✓min at which the mass will start to slide
along the sphere?

(c) The mass is now placed just past this minimum angle and released. The coe�cient
of kinetic friction µk is small but not zero. Does the mass fly o↵ at a larger or a
smaller ✓ than found in part (a)? Assume ✓ is defined with respect to the top of
the sphere.

Answer | (a) ✓ = 48.2o; (b) ✓ = 5.7o; (c) larger.

5. A marble of mass m1 slides on a horizontal
smooth surface with velocity v0 until it col-
lides elastically with a second marble of mass
m2 = 3m1, which was initially at rest. The
marble of mass m2 falls from a step of height
h = 0.5m. Find the value of v0 for which the
marble touches the ground a distance d = 5m
from the step.

m
1

m
2

m
2

v
1

Answer | 31.3 m/s.
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7. I have solved this using ChatGPT. Examine the Ai 
solution and point out any errors. Reflect on the 
difference/similarities between your work and the AI

A ’sleeping policeman’ is a bump placed in the

road to restrict the speed of cars. What radius
of curvature should the bump have to cause
cars traveling faster than 40 km/hr to leave
the ground?

v

Answer | 12.6 m.

6. A ball is dropped from the top of a 20 m building at the same time that another ball
is thrown upward from a height of 2 m above the ground. If the two balls pass on an-
other at the height of 10 m, determine the speed at which the second ball was thrown
upward.
Answer | 12.6 m/s.
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1. The rigid body in the picture shows four
10kg spheres connected by four light rods. Neglect
the mass of the rods. a) Which is greater, the rota-
tional inertia about axis A or the rotation inertia
about axis B? b) What is the rotational inertia
about axis C?

Answer | a) IA > IB, IA = 160kg m2, IB = 10kg m2 b) IC = 320kg m2

Homework Set 6.1� :oVr DIoJDe oG CZ IBOE or .BtMBC

2. A rigid sculpture consists of a thin hoop of mass
m and radius R and two thin rods each of mass
m and length L = 2R. The sculpture can pivot
around a horizontal axis in the plane of the hoop
passing through its center. What is the sculpture’s
rotational inertia I about the rotation axis in terms
of m and R.

Answer | I = 5.8mR2

�. An ice skater can be modeled by a 
cylinder of radius R and length L (trunk
and legs together), 2 small thin cylinders
of radius r and length l (arms), and a
sphere also of radius R (head). The head
has mass mh, the trunk mt, and the arms
ma. The ice skater rotates about her
central axis. Find the moment of inertia
of the ice skater with arms outstretched
horizontally and then with arms vertical.

* )ori[ontBM 

* 7erticBM



�� A simple pendulum hanging from a string of length L and a homogenous rod of length
l that pivots at its end are released from the horizontal positions.
(a) What is the ratio of their angular velocities if their Mengths Bre identicBM 
(b) How long does the rod have to be to have

equal angular velocity?

Irod =
1
12mL2

Answer | !pend

!rod

=

r
2

3
; l =

3

2
L.

5. I have solved this using hat T. xamine the AI  solution and point out any errors. eflect on the 
difference/similarities between your work and the AI

΢ou crouch from a standing positionͥ lowering your center of mass кс cm in the process.
Then you ϐump vertically. The average force exerted on you by the Гoor while you ϐump is three times 
your weight. a͹ Πhat is your upward speed as you pass through your standing position in leaving the 
Гoorͬ b͹ If all the energy is transferred into a flip with an angular velocity of о rad/s and the personЩs 
mass is тмkgͥ what is their Ζoment of Inertiaͬ
Answer ; a͹ л.р m/s b͹ Iямт.н kg΅mФл
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Problem Set 6.2 - Rigid Body Energy and Momentum

1. A ball with mass m and radius R is released from rest and rolls without slipping down

a slope of length L that forms an angle � with the horizontal axis. The surface of the

slope has coe�cient of static friction µs. Isphere =
2
5mR2

.

(a) Calculate the velocity of the ball at the

bottom of the ramp.

(b) Calculate the angle ✓ at which the ball starts

to slide rather than roll down the slope.

β

Answer | a. vCM/G =

q
10
7 gL sin �; b. tan � =

7
2µs

2. Mass A (mA = 2.5kg) l ies on a smooth, f rictionless surface attached to a spring of sti↵ness 
k = 100N/m as shown. Mass B (mB = 1.5kg) is connected to mass A by a light, inextensible
string and is hanging below a pulley (mP = 2kg, RP = 5cm,

ICM =
1
2mR2

). Initially, the system is at equilibrium when the spring is extended by

a distance x = L = 15cm.

(a) From the equilibrium position, mass B is then pulled downwards by a distance of

45cm and released. Find the speed of mass A (vA) when it passes through the

previous equilibrium point (x = 15cm). Let the acceleration due to gravity be

equal to g = 10m/s2.

(b) Instead of a smooth, frictionless surface, let mass A lie on a surface with friction
(µk = 0.1). What is the speed of mass A when it passes through the equilibrium
point (x = 15cm)? Note, this assumes the friction will only begin acting 
after mass B is pulled down 0.45m. 

Answer (a) vA = �2.01m/s;  (b) vA = �1.90m/s.

All work in either Matlab or by Hand



4. An inextensible rope is strung over two pulleys, connecting mass A (10.0kg) to mass

B (6.00kg). Pulley 1 is a solid thin disk, with a mass of 0.55kg, and a radius of 0.12m.

Pulley 2 is a thin ring, has mass a 0.28kg, and a radius of 0.08m. The rope does not

slip.

(a) Determine the magnitude of the acceler-

ation of mass A.

(b) What is the magnitude and the direc-

tion of the angular acceleration of pulley

number 2?

sAnswer | a. aA = 2.370 m
2 b. ↵2 = 29.63 R

2
ad
s Counterclockwise

3. A  diving board of length L = 3m and mass m = 30kg is supported by a spring of
constant  = 5kN/m. A diver stands on the edge of the board, causing the spring to
compress �l = 300mm. As the divers jumps o↵ the board determine:

(a) the angular acceleration of the board.
Assume the board is horizontal.

(b) the horizontal and vertical components

of the reaction at the pin A.

Answer | a. ↵ = 20.1R
2
ad
s b. Rt = 301.2N, Rn = 0N .
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5. A thin ring of mass m and radius r is given an initial velocity v0 and a backspin !0. The
coe�cient of static and dynamic friction between the ring and the surface are µs and µk.

(a) How far does the ring travel before the backspin
stops?

(b) What happens after? Why?

Answer | a. d = �!0R
µkg

(
1
2!0R + v0) b. The rings rolls forward.

2

A kid of mass mk = 20kg stands on a merry-

go-round at rk = 1m from the center. The

merry-go-round has mass Mmerry = 30kg and
radius Rmerry = 2m. A ball is thrown to the
kid with a velocity vb = 50m/s tangential to
the merry-go-round as shown. The kid catches
the ball.How heavy does the ball need to be
so that the kid rotates all the way around
the merry-go-round in 10 seconds? Model the
merry-go-round as a disk (Idisk,CM = 1mR2

),

and the ball and kid as particles.

6. I have answered this  questions using ChatGPT. Examine the AI answer, point out any errors with the solution.
Reflect on how your work is similar/different than the AI
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