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EM121 learning objectives 
 
After studying the material and doing the associated activities and homework problems 
students of this course will be able to: 
 
1. □ Define and give qualities of a scalar 
2. □ Define and give qualities of a vector 
3. □ Express vectors as a magnitude and direction 
4. □ Express vectors in Cartesian component form 
5. □ Use trigonometry to calculate the resultant of two or more vectors 
6. □ Add vectors component-wise 
7. □ Express a 3-D vector in Cartesian coordinates 
8. □ Find the direction cosines of a 3-D vector 
9. □ Find a position vector in 3-D space based on coordinates falling on a line 
10. □ Find a unit vector from a position vector 
11. □ Find a force vector from knowledge of its magnitude and a position vector with 

which it shares a common direction 
12. □ Define and find the dot product (or scalar product) of two vectors. 
13. □ Give the interpretation and one major utility of the dot product 
14. □ Define what is meant by a particle 
15. □ Determine when bodies of finite size can be treated as particles 
16. □ Apply equilibrium equation(s) to a particle by 

□ drawing a complete and correct free body diagram, and 
□ writing the equilibrium equations based on the free body diagram 

17. □ Do the above for particles in three dimensions 
18. □ Define stress 

□ Define and calculate normal stress 
□ Define and calculate shear stress 

19. □ Give the sign convention associated with positive and negative normal stresses 
20. □ Apply equilibrium equation(s) to bodies subject to stress by 

□ drawing a free body diagram, 
□ writing the equilibrium equations based on the free body diagram, and 
□ incorporating stress-force-area relationships 

21. □ Find the normal and shear stress as a function of surface orientation for a body 
subject to axial stress 
□ Find the plane(s) for max shear stress 
□ Find the plane(s) of max normal stress 

22. □ Explain why a body subject to only axial loading can have a shear stress 
23. □ Explain the difference between displacements possible in rigid bodies and 

deformable bodies 
24. □ Define and calculate strain for a member subject to axial loading 
25. □ Graphically show how stress is related to strain; in particular define what is meant 

by 
□ Linearly elastic region 
□ Elastic region 
□ Flow region 
□ Fracture 
□ Yield point and yield stress 



EM121 learning objectives 
 
26. □ Use Hooke's Law to calculate unknown stresses, strains, forces, and/or 

displacements for members subject to axial loads 
27. □ Distinguish between the terms ductile and brittle, weak and strong, and stiffer and 

less stiff 
28. □ Define the terms 

□ thermal strain and 
□ coefficient of thermal expansion 

29. □ Distinguish between thermal and mechanical strain and know what strain to use in 
Hooke's Law 

30. □ Find unknown forces, strains, stresses, and/or displacements for bodies subject to 
multiple axial loads, including cases where multiple materials are present 

31. □ Determine when an axially loaded static system is statically indeterminate. 
32. □ Solve for unknown forces, stresses, strains, displacements, etc. for static systems by 

using equilibrium and 
□ using Hooke's Law (the stress/strain relation) 
□ looking at the geometry of deformation/geometric constraints, and 
□ looking at the geometry of deformation/geometric constraints when thermal 
effects are present 

33. □ Identify a number of things that can cause a part to fail 
34. □ Define and calculate a factor of safety (FOS) 
35. □ Use a factor of safety in calculations 
36. □ Define a moment in words and mathematically 
37. □ Take the cross product (or vector product) of two vectors in 2-D and 3-D by 

□ Taking a formal cross product, 
□ using “force times a perpendicular distance”, and 
□ breaking a force into components and calculating the contribution of each to the 
moment. 

38. □ Recognize a couple as a pair of two oppositely-directed non-collinear forces 
39. □ Calculate the moment due to a couple 
40. □ Recognize that the moment due to a couple is the same about any point in space 
41. □ Recognize when a system cannot be treated as a particle 
42. □ “Remove” a support from a system and replace it with the appropriate reaction(s)-

the force and/or moment components-by thinking about how the support restrains 
the motion of the system at the support location. 

43. □ Recognize that reaction moments behave as couples 
44. □ Draw complete and correct free body diagrams of systems by replacing supports 

with the appropriate reaction(s) 
45. □ Draw a free body diagrams (FBDs) with all relevant forces and reaction moments 

on it 
46. □ Apply the equations of equilibrium (ΣF = 0) and ΣMpoint = 0) to a complete and 

correct FBD in order to determine unknown forces, moments, etc. 
47. □ Identify two-force members in structures in order to make FBDs simpler 
48. □ Draw several different FBDs for the same structure in order to complete equation 

sets for solving for unknown reactions 
49. □ Draw FBDs and apply equilibrium to things that provide structural support 

(frames) and mechanisms that can move (machines) but aren't 



EM121 learning objectives 
 
50. □ Determine when a frame or machine in static equilibirum is statically 

indeterminate. 
51. □ Solve for unknown forces, stresses, strains, displacements, etc. for static systems by 

using equilibrium and 
□ using Hooke's Law (the stress/strain relation) 
□ looking at the geometry of deformation/geometric constraints, and 
□ looking at the geometry of deformation/geometric constraints when thermal 
effects are present 

52. □ Define what is meant by a truss and give the common assumptions used in truss 
analysis 

53. □ Use the Method of Joints to calculate the forces in the members of a truss and 
indicate whether they are in tension or compression 

54. □ Use the Method of Sections to calculate the forces in the members of a truss and 
indicate whether they are in tension or compression 

55. □ Draw a free body diagram with all relevant forces and reaction moments on it for 3-
D structures 

56. □ Apply equations of equilibrium (ΣF = 0) and ΣMpoint = 0) in vector form to 3-D FBDs 
in order to solve for unknown reactions, etc. 

57. □ Recognize when friction forces are acting on a surface and draw them in the correct 
direction on an FBD 

58. □ Recognize when friction forces can be replaced by μsN, μkN, or neither one 
59. □ Apply equilibrium to systems subject to friction forces 
60. □ Draw FBDs for systems for which motion is impending, either by slipping or 

tipping 
61. □ Use equations of equilibrium to solve for unknown forces, moments, etc. for 

systems for which motion is impending 
62. Explain the concepts of center of gravity, center of mass, and centroid, and give 

examples of how they are useful 
63. □ State when center of gravity, center of mass and centroid are all the same 
64. □ Give the criteria that a single-force acting at the center of gravity must meet in order 

to model a real system 
65. □ Calculate centroids by integration 
66. □ Find centroids of composite shapes from knowledge of simpler shapes that make 

up the composite shape 
67. □ Define a distributed load and state its appropriate dimensions 
68. □ Replace a distributed load with a single force of the appropriate magnitude at the 

appropriate location 
 

 
 
Note: Terms in bold are key concepts or vocabulary words that you should be able to 
define. This is true whether or not the learning objective is explicitly to define them. 





Notes and examples 

  



 



NOTES: Vector review 

Scalar 

 

Vector 

 

Vectors operations 

 Vector addition obeys ______ ________________ ______ 

 

 

 

 or ________ to ______ 

 

Useful tools 
 Law of sines 

 

  
Law of cosines 

 

 

 

 

 
 

β 

α 

γ 

Time to review 
vectors! 



NOTES: Vector review 

Adding several vectors 

 

 Commutative: 

 Associative: 

 

 

Unit vectors 

 

If |A| = 5 N and θ = 30°, write in component form 

=A


 

Vector addition works _________________________.  
 

 

 
 

 

x 

y 

θ 

 

x 

y 

θ 



Example1 
 
Two forces are applied to a hook as shown. The magnitude of P is 35 N. Using 
trigonometry,  
 
(a) find the required angle α such that the resultant R is horizontal, and 
(b) the magnitude of R. 
(c) Repeat (a) and (b) using vector components. 
 

 
  

1 From Beer and Johnston, Vector Mechanics for Engineers, Statics 

A = 50 N 

P = 35 N 

θ = 25° 

α 

                                                           



Example 
 
Given vectors  F1 and F2 as shown, find the resultant. Express your answer 
 
(a) in Cartesian vector form, and 
(b) as a magnitude and an angle measured from the horizontal. 
 

 
  

x 

y 

45° 30° 

|F1| = 360 N 
|F2| = 400 N 



Example 
 
Three forces act on the member as shown. Find the resultant, expressing it in Cartesian 
vector form. 
 

 
 
 
 
 

2500 N 

30° 
900 N 

x 

y 

2000 N 





NOTES: 3-D vectors 

  



NOTES: 3-D vectors 

 



NOTES: 3-D vectors 

 

A 





Example 
 
For the forces shown in the figure, find 
 
(a) the magnitude of the resultant R, and 
(b) the angles θx, θy, and θz between the line of action of the resultant and the coordinate 

axes. 
 

 
 
  

 



Example 
 

Find the magnitude and the direction of the resultant of the two forces shown. 
 

 
 

 



NOTES: Particle equilibrium 

 

  



NOTES: Particle equilibrium 

 

 



Example 
 
A 200-kg mass is suspended from two light, inextensible cables tied together as shown. 
Find the tension in cable AC and BC.  
 

 
 
  

200 kg 

B 

C 

A 

75° 

75° 



Example 
 

A light inextensible cable of total length 10 ft is stretched between two walls 8 ft apart. A 
50-lb weight is suspended from a massless, frictionless pulley on the cable. Find the 
tension in the cable. 
 

 
 
  

B 

C 
A 

50 lb 

8 ft 



Example 
 

Two smooth steel pipes are stacked in a box. The masses and diameters of pipe A and B 
are, mA = 5 kg, mB = 20 kg, DA = 100 mm and DB = 200 mm, respectively. If the distance 
between the walls is b = 250 mm, find 
 
(a) the magnitude of the two forces exerted on pipe A, and 
(b) the force the bottom of the box exerts on pipe B. 
 

 
 
 

B 

A 

b 





Example 
 
Two cables are tied together as shown. If the largest allowable tension in either cable is 
800 N,  
 
(a) what is the largest force P that can be applied at C? 
(b) What is the corresponding angle α? 
 
 
 
  B 

C 

50° 35° A 

α 

P 



Example 
 

A gorilla of mass 160 kg is suspended from a light, inextensible cable making use of two 
massless, frictionless pulleys as shown in the figure. Find the magnitude of the force P 
that must be applied to keep the gorilla stationary as well as the angle α. 
 

 
 
 
 

 

B 

P 

A 

 

α 

β = 20° 



Example 
 
A woolly mammoth has been caught up in the web of a giant alien spider. If the 
mammoth is suspended by three threads with the lengths/orientations shown in the 
figure, find the weight of the mammoth. The tension in thread AB is 1378 lb. 
 

 
 

B 

C 

A 

45 in 

18 in 

26 in 

28 in 

24 in 

 

D 

x 
z 

y 

O 





DOT TO DOT: Statics edition 
 
Connect the dots to reveal the picture. 
 
 

 
  



 
 



NOTES: Stress and strain 

 

  



NOTES: Stress and strain 

 

 

  



NOTES: Stress and strain 

 





Example 
 
The figure shows two solid cylindrical rods welded together at B. The average normal 
stress in either rod is not to exceed 150 MPa. For the loading shown, find the smallest 
allowable diameters for each rod. 
 

 

d1 d2 
125 kN 

125 kN 

0.9 mm 1.2 mm 

60 kN 



Example 
 
Two pieces of wood are to be joined via gluing splice plates to them as shown in the figure. 
The clearance between the members is to be 8 mm. If the maximum allowable stress in the 
glue is not to exceed 800 kPa, what is the smallest allowable length, L? 
 

 
  

 



Example 
 
Link AB is used to support the end of a beam. The dimensions of the link are b = 2” and t = 
¼’’. The average normal stress in the link is -20 ksi and the average shearing stress in the 
two pins is 12 ksi. What is the diameter of the two pins? 

 
 

t 

b 

d 

d 

A 

B  





NOTES: Stress in a link 

  

  



NOTES: Stress in a link 

 

 

  



NOTES: Stress in a link 

 

 





Example 
 
A 6-kN load P is applied to two wooden members with a rectangular cross section. The two 
members are joined by a glued scarf splice as shown in the figure. Find the normal and 
shearing stresses in the splice. 
 

 
 

75 mm 

70° 

P 

125 mm 





NOTES: Elasticity and thermal strain 

  

  



NOTES: Elasticity and thermal strain 

  

 

  

IS σ RELATED 

TO ε? 



NOTES: Elasticity and thermal strain 

 

   A: 

   D: 

   C: 

 

 

  



NOTES: Elasticity and thermal strain 

 



MAZE: Statics edition 
 
Find your way to Dr Thom’s office. 
 
 

 

 
 

 
 



 
 
 
 
 
 
 
 
 

 
 



Example 
 
A 4.8-ft-long wire with Young’s Modulus of E = 29×106 psi is subjected to a 750-lb tensile 
load. If the diameter of the wire is ¼ in, find 
 
(a) the wire’s elongation and, 
(b) the resulting normal stress. 

 
 

 
 

 

 

750 lb 

4.8 ft 





Example 
 
A cast iron pipe has inside and outside diameters of 70 mm and 105 mm, respectively. The 
length of the pipe is 2.5 m and the coefficient of thermal expansion is α = 12.1×10-6/°C. For 
a 70°C increase in temperature, find the new pipe dimensions. 
 

 

Do  = 105 mm 

Di  = 70 mm 
L  = 2.5 m 



Example 
 

A steel (E = 200 GPa) rod with diameter 30 mm and length 1.0 m is attached to a 2.0-m long 
Monel (E = 180 GPa) tube via a rigid plate. The Monel tube has internal diameter of 40 mm 
and a wall thickness of 10 mm. Determine the total axial load required to stretch the total 
assembly 3.00 mm. 
 

 

P 

1.0 m 2.0 m 

P 

Steel rod 
Monel tube 

Rigid plate 



Example 
 
Two deformable bodies are subjected to an axial load of P as shown in the figure. Draw a 
free body diagram that would help you to determine the load (axial force) in each material. 
 

 
 
 
  

P 

A1 = ½A 

A2 = ½A 

Rigid plate with 
area A 



 
Example  
 
A composite structure made of fiber (Ef = 231 GPa) and a matrix (Em = 3.4 GPa) is subjected 
to an axial load of P as shown in the figure. Find the load carried by the fiber, the load 
carried by the matrix, and the total deformation of the composite. 

 
 
  

P 

Fiber, Af = ½A 

Matrix, Am = ½A 

Rigid plate with 
area A 



Example  
 
A thin rod suspended between two fixed supports is initially in a stress free state. The rod 
is then uniformly heated resulting in a temperature change of the rod of ΔT. Because of the 
heating, the rod wants to expand. However, the fixed supports prevent this from happening 
resulting in a compressive stress in the rod.  
 

 
(a) Find an expression for the resulting stress in the rod in terms of Young’s modulus E, 

the thermal expansion coefficient α, and the temperature change ΔT. Assume that the 
thermal expansion coefficient is constant. 

(b) If the rod is made of SiO2 with E = 69 GPa and α = 0.55 × 10-6 /oC, what stress will a 
10°C temperature change produce? Also, find the force exerted on a rod with a square 
cross section with side length a = 10 μm. (1 μm = 1×10-6 m) 

 
 

Initially stress-free 
beam is heated. 





NOTES: Factor of safety 

 

  



NOTES: Factor of safety 

 

•  

•  

•  

•  

 



Example 
 
A one-inch-thick 0.4% C hot-rolled steel bar is subjected to four different axial forces as 
shown in the figure. If the factor of safety by yielding is to be 1.75, find the minimum width 
w of the bar. 
 
 

 
 

9 in 18 in 27 in 

20 kip 30 kip 60 kip 50 kip 
w 

t = 1 in 





NOTES: Moments 

 

    



NOTES: Moments 

 

   

  



NOTES: Moments 

 

 





Example 
 
A force of 8 lbs is applied to the gearshift as shown in the figure.  
 
(a) Calculate the moment due to the applied force about pint A using the cross product r×P. 
(b) Calculate the moment about point A by multiplying “perpendicular distance times 

force.” 
(c) Calculate the moment by breaking P into components. 
(d) Which way was easiest, at least in this example?  
 

 
 
  

8 

22” 

8” 

α = 25o 

|P| = 8 lb 

A 





Example  
 
For the force shown, 

(a) find the moment of force P about the origin, and 
(b) about point A.  

 
 
 
 
 

8 m 

x 

|P| = 100 N 9 m 

13 m 
10 m 

A 

y 

z 

O 





WORD SEARCH: Statics edition 

 

Q L D X K S B N Q E P V O W D 
Q D P P S R C O H A C S A U R 
0 W C J O N J I R P T R C O J 
L I S T J P G T T R N T O I T 
L M C H L M I C A A I P K F M 
P E R Q E C K I T L T N Y C 0 
V W E V L A N R E E Z S E E D 
L D B E Y P R F W L N U L N U 
K Z M H T G N E R T S S S T L 
N D E F O R M A T I O N I R U 
C O M P R E S S I O N D A O S 
T N E M O M F J D E J B P I N 
S T R E S S C I T S A L E D C 
S V Q D A O L T P L A S T I C 
K M Z C O M P O S I T E N O X 

 
 
Find the following words in the puzzle above. Words can go horizontally, vertically, or 
diagonally. 
 
centroid   deformation   force  
member   paisley   shear  
strength   vector   composite 
compression  ductile   elastic 
friction  load   modulus 
moment  particle  plastic  
statics   strain   stress 
tension 
 
 
 
 
 
 
 
 
 
 



 
 

 



NOTES: Couples 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 





Example  
 
Two forces, each of magnitude 45 lb, are directed as shown in the figure. 
 
(a) Find the resultant moment due to both forces about the origin, O. 
(b) Find the resultant moment due to both forces about the point A. 
(c) Find the resultant moment due to both forces about the point B. 
(d) Find the shortest distance between the lines of action between the two forces. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
_____________________________ 
e) Find the moment due to the two forces about the tip of your nose.  

  

x 

|F1| = 45 lb 

10 in 
y 

z 

16 in 

24 in 

16 in 

16 in 
6 in 

|F2| = 45 lb 

O 

A 

B 
10 in 

12 in 





Example 
 
Two parallel and oppositely directed forces, each of magnitude 60 N, (and therefore a 
______________!) are applied to the lever as shown in the figure. Find the moment due to 
the forces about point A. 

 

 

 
 

 

55° A 

B 

520 mm 

360 mm 

20° 
C 





(Don’t miss the exciting conclusion to this exercise on the back of this page!) 
 

ACTIVE LEARNING EXERCISE: Types of supports and their reactions 
 
When we isolate a system for analysis, we “remove” supports and replace them with the 
forces and/or moments they supply to the system. Such forces/moments are called 
reactions. 
 
When trying to figure out whether a reaction consists of forces, moments, or both, it is 
useful to think about the way in which the support restrains the motion of the system. This 
will also help us determine the directions these forces/moments are directed. For example, 
if a support keeps something from moving up and down, then a reaction force develops in 
the vertical direction. If a support keeps something from rotating about an axis, then a 
moment reaction develops about that axis. 
 
Keeping this advice in mind, see if you can determine the reactions supplied by these three 
common supports. 
 

Roller 

Pin 

Fixed support 

How is motion 
restrained? 

Rope or cable 



 

 

Rough surface 

Smooth surface 

Pin in smooth guide 

Collar on smooth shaft 
with pin connection 

Collar on smooth shaft 
with fixed connection 

Frictionless, massless 
pulley 



ACTIVE LEARNING EXERCISE: Drawing Free Body Diagrams  
 
For each of the systems below, draw a free body diagram of the requested part(s). 
 

 
 

A 

B 

Q 

P 

C 

θ 
l 

a 

B 

C 

A 

400 N 

400 N 

300 mm 
100 mm 100 mm 

250 mm 

350 mm 
150 mm 

D 

Draw FBDs of the collar and of link AB. 

Draw FBDs of rope BD and link AC. (Hint: 
include the rollers. 



 

A 

B 

D C 

600 mm 

400 mm 

500 mm 
150 mm 250 mm 

450 N 

750 N 

 

Draw a FBD of part ABC. 

Draw a FBD of the end-loader. 

P 

P 

P 

Draw FBDs of each handle and of the bolt. 



NOTES: Equilibrium of rigid bodies 

For particles (or “particles”) all the lines of action of forces ______ 
_____________________  ___  _______________. 

For general rigid bodies this is not true! Therefore, 
___________________ can result. Therefore, we also need  

Σ     = 0 
for equilibrium. 

 

 
1) ________________   ______________  (Draw a 

_________!) 
2) Apply equilibrium: 

 

• Σ     = 0 
 

i. In 2-D usually easier to do in ______________ 
form: 
 
 

ii. Be sure to show your _______________  
___________! 

 

• Σ     = 0 
 

What point? 
1. _______ one you want! 

 

2. Look for  

Solution plan 



NOTES: Equilibrium of rigid bodies 

 
 

3) Solve equations! 
 

 
 
• Do draw the FBD. 
• Don’t assume you know the value of any reaction (force or 

moment) when you draw them on your FBD. Leave them as 
unknowns, even if it seems obvious to you what the values are. 
(You’ll be surprised how often your intuition is wrong!) 
 

• Do look at your FBD as you write the equilibrium equations. That’s 
why you drew it! 

• Don’t write equilibrium equations first and then decide how your 
FBD matches your solution.  
 

• Do identify your coordinate system. 
• Don’t assume it’s obvious. (It’s often much more convenient to use 

tilted axes!) 
 

• Do use symbols in your solution as far as possible before plugging 
in numbers. 

• Don’t assume all your units work out, and so do write your units in 
each calculation. 
 

• Do follow the advice above. 
• Don’t not follow the advice above. 

 

Dos and Don’ts 



Example 
 
The rig shown below consists of a 1200-lb boom ABC and a vertical member DBE welded 
together at B. (There are frictionless pulleys at both C and D.) The rig is being used to 
suspend a 3600-lb crate at a distance x = 12 ft from the vertical member. If the tension in the 
cable is 4 kips, determine the reaction at E. 
 

 
 
 
 



Example 
 

If the cable attachment point in the last example is changed as shown below, find the new 
reaction at E. 
 

 



Example 
 

Knowing that the tension in the wire BD is 1300 N, determine the reaction at the fixed 
support C of the structure shown.  Assume that the weight of the structure is negligible. 
 
 

 
  

A 

B 

D C 

600 mm 

400 mm 

500 mm 
150 mm 250 mm 

450 N 

750 N 



Example 
 
Find the tension in the wire BD. Assume that the weight of the structure is negligible. 
 

 

B 

C 

A 

400 N 

400 N 

300 mm 
100 mm 100 mm 

250 mm 

350 mm 
150 mm 

D 



Example 
 
Consider the structure below. All members can be considered massless. Set up the 
equations necessary to find the reactions at A and D. 
 

 
 
 
 

A D 

B 

E 

C 

L 

P 

H 



Example 
 
Find the reactions at pins B and C in the last example. Is there anything special about those 
reactions? 
 
 



Example 
 
Find the reactions at B and C. Assume that the weight of the structure is negligible. 
 

 

A 

B 
C 

60 

60 40 100 

250 N 

30 

All dimensions in mm. 

D 



Example 
 
Find the components of all forces ABD. Assume that the weight of the structure is negligible. 
 

 

B 

C 

A 

500 500 

250 

250  D 

375  4 kN 3 kN 

250 250 

All dimensions in mm. 



Example 
 
The mass of the car in the figure is 1250 kg and the mass of the trailer is 1000 kg. The trailer 
hitch connecting the car to the trailer is a ball and socket. Find the reactions at the wheels. 
 

 
 
 

WT 

Wc 

0.7 m 3 m 1.2 m 1.5 m 1.3 m 



Example 
 
The device shown in the figure is called a bone rongeur and is used in surgical procedures 
to cut small bones. For the 25-lb forces applied to the instrument at the locations shown, 
find the force applied to the bone at E.  
 

 
 



CROSSWORD PUZZLE: Statics edition 

 

 
 

ACROSS  
2. It actually isn’t more than the sum of its 
components  
4. Greek letter  
6. Product with a direction 
7. Angle of maximum shear in an axially-load 
member 
9. Lacks direction 
11. Greek letter  
14. Antonym of surname attached to a modulus 
16. It's pure direction 
18. Spanish Spanish  
20. Small length of time or important cross 
product 

DOWN  
1. Life at Rose comes with this, as does force per 
unit area  
3. A weightless, pinned member 
5. Deformation without dimensions 
8. It all adds up to nothing 
10. Greek letter 
12. Surname attached to a modulus 
13. All lines cross at a point for this 
15. Product without a direction 
17. Describes a force or stress perpendicular to a 
plane  
19. Describes a force or stress tangent to a plane 

 
 



 
 



Example 
 

The figure shows a press used to emboss a seal at E. If the force P = 60 lb, find the reaction 
at A and the vertical component of the force exerted on the seal.  
 

 



Example 
 

 
The telescoping arm ABC is used to elevate workers on a platform. The combined mass of the platform 
and the workers is 240 kg with a combined center of gravity at C. If the angle θ = 24°, find the force 
exerted by the hydraulic cylinder BD on the arm and the reaction at A.  
 

 
 
 



Example 
 
The A-frame in the figure is subjected to a force of P=150 N as shown in the figure. 
Assuming massless members, find the reactions at A and C and the pin reactions at D and 
B. 
 

 
 
 

A 

D 

B 

E 

L=3 m 

P = 150 N 

H=4 m 

C 

L/2 

H/2 



Example 
 

The figure below shows what is known as a slider-crank mechanism, a machine that 
changes rotational motion into translational motion, or vice versa. If the angle θ=30°, find 
the required moment that must be supplied at A in order to maintain equilibrium. 
 

 
 



Example 
 
Tongs are used to lift a barrel weighing 60 lb as shown in the figure. If a=5 in, find the 
forces exerted on the tongs at both C and D.  
 

 
  

 





Example 
 
A rigid beam is supported by two vertical rods. Rod A has a diameter of dA = 25 mm and 
rod B has a diameter of dB = 10.2 mm. Both rods are made of steel (E=210 GPa). For the 60 
kN force applied as shown, 

 
(a) find the reactions at A and B, and 
(b) the displacements of each rod. 
 

 
 
 

A B 

a=1 m 

P = 60 kN 
L1=3 m 

C 

b=2 m L2=2 m 

Rigid beam 



Example 
 

Two steel (E=30×103 ksi) rods both with cross sectional area A=1.0 in2 are used to support 
a rigid beam connected to a wall via a smooth pin. A 10 kip point load is applied to the 
beam at the location shown. Neglecting the weight of the beam, find the tension in each 
rod. 
 

 
 

A 

a=20” 

P = 10 kips 

L2=60” 

C 

Rigid beam L1=40” 

B D 

a=20” b=60” 



Example 
 

A rigid, weightless beam is supported by a smooth pin at B. Two aluminum (E=70 GPa) 
rods, both with cross sectional area A=200 mm2, also support the rod at pins A and C. For 
the 24 kN load at D, 
 

(a) find the rotation angle of the rod, 
(b) the force in each rod, and 
(c) the stress in each rod. 

 

 
  

 
 

A 
D 

Rigid  

L1=5’ 

B 

a=2’ b=4’ 

C 

L2=5’ 

a=2’ 

P = 24 kN 





Example 
 
Two bars, both with cross sectional areas A, are attached to rigid walls. Bar AB is made of 
aluminum, whereas bar BC is made of steel. At room temperature the bars are stress-free. 
In service the temperature of the system rises by an amount ΔT. 
 
Assuming Est = 3EAl  and αst = ½ αAl , does point B move when heated by ΔT? If so, in which 
direction and how far? 

 

 
 
 

A B C 

Rigid wall 

L/3 2L/3 



Example 
 

The structure shown in the figure consists of one cold-rolled bronze (Eb = 15×103 ksi, αb = 
9.4×10-6/°F) bar A and two 0.2% carbon-hardened steel (Es = 30×103 ksi, αs = 6.6×10-6/°F) 
bars B. A load P=200 kips is applied to point C while bar A experiences a temperature 
decrease ΔTA = 50°F and both bars B experience a temperature increase ΔTB = 30°F. If the 
cross sectional areas of bars A and B are Ab = 3.00 in2 and As = 2.50 in2, respectively, 
 

(a) find the stress is each bar, and 
(b) find the displacement of point C. 

 

 
 
 

A 

P = 200 kips  

L=4’ 
B 

a=3’ a=3’ 

B 

C 



Example 
 
Consider the structure made up of thirteen weightless members that are connected to each 
other via smooth pins.  
 
(a) How many two-force members are in the structure? 
(b) Find the reactions at the pin H and the roller G. 
(c) Find the internal force in each two-force member you identified in part (a). (Hint: Draw 

an FBD for each individual pin that connects two-force members. Start at a location 
where there are only two unknowns, such as point A.) 

 

 
  

8’ 

A 

P = 12 kips  

9’ 

D B 

C 

8’ 8’ 8’ 

E 

F 

G 
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Example 
 
Find the force in each member of the truss shown below and state whether it is in tension 
or compression. 
 

 

8’ 

A 

P = 12 kips  

9’ 

D B 

C 

8’ 8’ 8’ 
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Example 
 
Find the force in each member of the truss sown below and state whether it is in tension or 
compression. 
 

 
 
 
 
 
 
 
 
 

A 

P = 400 N  

4 m 

3 m 

D 

B 

C 

Q = 600 N  

3 m 





Example 
 
The truss shown below is called a Massard roof truss. For the truss loaded as shown, find 
the forces in members DF, DG, and EG and state whether they are in tension or 
compression. 
 

 

G 

1.2 kN 

D 
B 

C E 

F 

L A 

4 m 4 m 4 m 4 m 
2.25 m 2.25 m 

H 

I 

J 

K 

1.2 kN 1.2 kN 1.2 kN 1.2 kN 

3 m 





Example 
 
The connections as A, D and E are ball and socket types. The rod AC can be modeled as 
weightless. Find the tension in each cable and the reaction at A. 
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A 
C 
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Example 
 
For the assembly shown, find the tension T in the strap and the reactions at the thrust 
bearing C. The weight of the assembly is negligible. 
 
 

 
 
 

 





NOTES: Friction 

 

 

 

 

 

 

 

 

 

 

 

 

  



NOTES: Friction 

 

 

•   

  

•   

  

•  



Example 
 
A 7.5-kg mass is subject to a force P as shown in the figure. The coefficients of static and 
kinetic friction between the mass and the wall are μs = 0.45 and μk = 0.35, respectively. Find 
the range of angles for θ for which the mass is in equilibrium.   
 

 
 
 

θ 

|P| = 100 N 



Example 
 
The coefficients of static and kinetic friction between all surfaces in the figure are μs = 0.40 
and μk = 0.35, respectively. 
 

(a) Find the smallest force P that is required to move the 30-kg block. 
(b) Repeat (a) if the cable is removed. 
(c) What if the friction force between the blocks for part (b)? 

 

 

P 

m1 = 20 kg 

m2 = 30 kg 
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Example 
 
Sid Gupta’s legendary Tiki mug collection is displayed in a cabinet with a total weight of 
Wcab = 120 lb. A force P is applied to the cabinet at a height of h = 32 in as shown in the 
figure. If the coefficient of static friction between the cabinet and the floor is μs = 0.30, 
 

(a) find the minimum force P that results in the cabinet moving. 
(b) Repeat (a) if shag carpet is placed under the cabinet, increasing the value of μs to 

0.60. 
 
 

 
 

    

    

    

h = 32” 

L = 36” 



Example 
 

The coefficients of static and kinetic friction between the rotating drum and the clamps in 
the figure are μs = 0.40 and μk = 0.30. The tension in the cable holding the clamps together 
is T = 3 kN. Find the moment M that must be applied to the drum to keep it rotating 
clockwise at a constant speed. 
 

 
 

l1 = 150 mm 

l2 = 300 mm 

l3 = 150 mm 
R = 250 mm 



NOTES: Centroids 
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NOTES: Centroids 

  



Example 
 
Find the x-centroid for the shape below: 
 

 
 
 
 

x 

y 

2 6 

4 



Example 
 
Find the x-centroid for the shape below. Do you prefer a horizontal or vertical strip for your 
elemental area? Why? 
 

 

x 

y 

a 

b  



Example 
 
Find the y-centroid for the shape below. Use the same vertical strip you did for the last 
example. 
 

 
 

x 

y 

a 

b  



Example 
 
Find the y-centroid for the shape below. This time use a horizontal strip for the elemental area. 
 

 
 

 

 

x 

y 

a 

b  



Example 
 
Find the x- and y-centroids for the composite shape below. 
 

 
 
 
 

1” 

x 
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2” 

2” 

2” 

1” 1” 



Example 
 
Find the x- and y-centroids for the shape given by the shaded area in the figure. 
 

 

x 

y 

r = 10” 



Example 
 
Find the x- and y-centroids for a paisley by approximating it as the shape given in the right 
of the figure. 
 

 
 





NOTES: Distributed loads 

 

 

 

 

 





Example 
 
For the simply supported beam below, replace the distributed load with a single force and 
give its location. 
 

 
 
 
 

3 m 1 m 

900 N/m 



Example 
 
For the simply supported beam below, replace the distributed load with a single force and 
give its location. 
 

 

18 ft 

450 lb/ft 
150 lb/ft 



Example 
 
The concrete structure in the figure is suggested as a design for a dam. For a one-foot 
thickness, find the resultant weight of the dam and give its location. The specific weight of 
concrete can be taken to be γc = 150 lb/ft3. 
 

 
 
 

r = 21’ 

r = 21’ 

8’ 
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