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(SD.L1.1) Familiarize Stage

Thursday, March 29, 2018 8:34 PM

Statics and Dynamics (SD)
Familiarization Stage:

Pre-lecture 1: Torque and Newton's 2"d Law for Rotation
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Homework

SD.L1.1-01

Description: Infographic quiz torque - label matching

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%28Rotational Mechanics.one%7...

1/6



1/16/2021 OneNote

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: Match each term in the equation with the correct description from the following list.
(1) Smallest angle between position vector and force vector, (2) Force vector, (3) Position vector, (4) Torque

(a) (b) (€)

17| = |7] “ﬁ"sinﬁﬁ
(d)

Answer: (a) Torque, (b) Force vector, (c) Smallest angle between position vector and
force vector, (d) position vector

SD.L1.1-02
Description: Ways to change the torque on a wrench

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: A force is being applied at an angle of 45° with respect to a wrench, halfway between
the bolt and the end of the wrench. Which of the following are ways you can increase the toque on the
bolt?

(1) Increase the force applied
(2) Apply the force closer to the end of the wrench
(3) Apply the force parallel to the wrench
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(4) Apply the force perpendicular to the wrench

(5) Use a heavier wrench

Answer: (1), (2), (4)

Description: increasing lever arm to increase torque with a wrench

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: Mechanics sometimes put a length of pipe over the handle of a wrench when trying to
remove a very tight bolt.

(a) How does this make it easier for the mechanic to remove the bolt?

(1) It increases the torque the mechanic can apply, without the need to exert
a greater force.

(2) It increases the force exerted by the mechanic, without the need to apply
a greater torque.

(3) It allows the mechanic to apply the same torque, while decreasing the
force.

(4) It allows the mechanic to exert the same force, while decreasing the
torque.

Answer: a
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(b) How does this increase the torque?

(1) It increases the lever arm.

(2) It increases the force you can apply.

(3) It changes the angle you can apply the force relative to the lever arm.

Answer: a

Description: Infographic quiz Newton's second law - label matching

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: Match each term in the equation with the correct description from the following list.
(1) Moment of inertia, (2) Torque external to the system, (3) Summation, (4) Angular acceleration

(a) (b) (c)

F 4

. - _ 1 —>
Textoo =.1o%o
[e}.
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Answer: (a) Summation, (b) Torque external to the system, (c) Moment of inertia,
(d) Angular acceleration

SD.L1.1-05

Description: Physical representations in a torque analysis

Learning Objectives: [x,xx,...] Put the learning objective numbers here

Problem Statement: Which of the following physical representations are relevant when analyzing rigid
bodies?

(1) Free-body diagram (FBD)

(2) Extended free-body diagram (eFBD)

(3) Vector operation for the dot product between a force and lever arm
(4) Vector operation for the cross-product of a force and a lever arm

(5) Vector operation for subtraction of torque vectors

Answer: (1), (2), (4)

SD.L1.1-01
Description: One (or two) sentence quick description of the problem

Learning Objectives: [x,xx,...] Put the learning objective numbers here
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Problem Statement: Write the problem statement here

Answer: xx
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(SD.L2.2.s0ls) Foundation Stage Solutions

Monday, January 22,2018 5:44 PM

OneNote

Statics and Dynamics
Foundation Stage (SD.2.L2)

lecture 2
Static equilibrium, stability

Rotational Mechanics
Rotational Kinematics Statics and Dynamics Rotation and
Conserved Quantities
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Textbook Chapters (* Calculus version)

BoxSand :: KC videos ( statics & dynamics )

Knight (College Physics : A strategic approach 3™) :: 7.3;7.4
*Knight (Physics for Scientists and Engineers 4th) = 12.2:12.5;12.7;12.8
Giancoli (Physics Principles with Applications 7th) :: 9-1;9-2;9-3;9-4

o O O O

Warm up

SD.2.L2-1:
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Description: Identify external forces that should be on an eFBD.

Learning Objectives: [?] - Can you identify the objectives from the previous lecture, and this lecture, that this question is relevant to?

Problem Statement: Below shows a FBD for a system in equilibrium. All forces are drawn to scale.

(a) If atorque analysis is to be carried out for this same system, which forces would also show up on an
eFBDE)

(1) The same forces as on the FBD.
(2) Only the forces on the FBD that produce a torque.
(3) The same forces as on the FBD, plus the other forces that cause torque.

(4)?@%@ t(pﬁ@jrmi@e without knowing the actu?léEmonﬂngsU 77777777777777777

ijlﬁxr :/V\;\ é‘/T;’r'/'o; I-"OL

Exqeamac Porks S IVRE Y P
“

Selected Learning Objectives

1. Coming soon to a lecture template near you.
Key Terms

Torque analysis

Rotational static equilibrium
Rotational dynamic equilibrium
Rotational dynamics
Translational static equilibrium
Translational dynamic equilibrium
Translational dynamics

Center of mass

O O O 0O 0O O O O
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o Stability condition and critical point

OneNote
Key Equations
Equilibrium definitions
Translational Rotational
Static Equilibrium v,.=0 w, =0
— -~ -
V,,= constant x 0 | W, = constant x 0
Dynamic Equilibrium 3 -0 ~ 6
acm_ 0'.0 -
zFext= 0 z ext ,o= O
Dynamics _ _ _ _
ZFext_ Msys Aoy zT:ext 0 ISVS"’G' g
Newton's 2nd law for rotation
Moment of
inertia IAnguIar acceleration
z [ext o - ISYS,O asys,o
Net (i.e. add External to system, System,
up all of the __)||about reference axis o about reference axis o
In words: The net torque external to the system about reference axis o
is equal to the momentum of inertia of the sysem about reference axis o
multiplied by the angular acceleration of the system about reference axis o.
Center of mass
Position of Position of -
center of mass center of mass

for system of object 1

N M, + ToM, + ...+ FeeM >FeM,
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m,+ M, + ...+ M,

Net (i.e. add
up all of the )

In words: The position of the center of mass for a system of "n" number of rigid objects is equal to the

sum of the products between the position of each object's center of mass and its mass all divided by the
total mass of the system.

Key Concepts

o Atorque analysis utilizes Newton's 2nd law of motion for rotation. The major components of a torque analysis are: identifying a
system, drawing an eFBD, choosing a reference axis, summing up all of the external torques on the system and setting the sum equal
to the moment of inertia times the angular acceleration. The moment of inertia plays a similar role as mass does in Newton's 2nd
law for translation of the center of mass.

In general there are two ways to classify the status of a system: equilibrium, and dynamics. Equilibrium can be split into two sub-

categories: static equilibrium, and dynamic equilibrium. We can break all of the categories and sub-categories into rotational and

translational versions if the system is a mix of different rotational and translational equilibrium/dynamics. See the table in the key
equations for definitions of each.

O The center of mass of an object/system is the point that the object/system will rotate around when there is no net force acting on
the object/system. Mathematically, the center of mass is a mass-weighted average of the geometric center of an object/system.
Mass-weighted average of the geometric center what??...For example, if two equal masses are located a distance d apart, the center
of mass is at the geometric center, d/2. Now if the object on the left is more massive, the center of mass is closer to the left object.

o Often times we can use the stability condition, rather than a torque analysis, when a system is in static equilibrium but just about
ready to transition into dynamics. An example of such a scenario is a book balanced on the edge of a table, about to tip over if
moved any further out. The stability condition for objects that are not glued or fastened to the ground is the following: when a
system is at the critical point, the center of mass of the system is above or below the furthest most normal force point. If the center
of mass of the system goes beyond the furthest most normal force point then the system will transition in dynamics (e.g. tip over).
Questions
Act |: Equilibrium
SD.2.12-2:

Description: Determine sign of net torque and angular acceleration. Determine what additional torque would place system in
equilibrium. (2 minutes + 1 minute + 2 minutes + 1 minute)
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Problem Statement: Benny and Bernice are traveling on their matching Scooty Puff Jrs., far away from massive objects, when they
decide to play a fun physics game. Bernice attaches 3 rocket thrusters to a 20,000 kg log of uniform mass distribution as shown
below. The magnitude of torque applied by each thruster on the log is also shown. It's now Benny's task to put a 4th thruster on the
log such that the log remains in equilibtiumy he onlygats ogeshot~jf Hee fails Bernice gets one Beaver point.

: g remains ncqullguy e origgety neshet g : p

Ccwdty)
O Cwl) = =306660 N 13000 N +21T660 i~
(a) The initial net torque on the log is = 4 J00o0 N~ ﬁf;‘ =30000 Nm |42‘
./=15000 Nm
(1) Positive N v
(2) Negative S
(3) Zero

O j"Tc,... = Ic,h ot

(b) What is the sign of the angular acceleration of t’iﬁ'e log?
Alwaos T LLEKE MAY

o‘TfMI =25000 Nm

(1) Positive
(2) Negative
(3) zero

~——

(c) At some tirie later, Benny places the 4th thruster on the log so that the log is (d) After Benny has placed the rocket thruster, thus
in rotation& equilibrium. Wlaat torque, including sign, will put the log in placing the Io in eqU|I brium réf e log in rotational

equnglﬁm T /O( stat qu|||br|um or rotatlo mic eg)uilibrium?
Ll
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SD.2.L2-3:

Description: Identify equilibrium status of given systems. (1 minute + 1 minute + 1 minute)

‘ Problem Statement: Consider the three scenarios shown below. Match each scenario to their equilibrium status.

O

(a) Rotational static equilibrium

(1) Earth
CP) Seesaw with heavy dog and cat
3) Roulette wheel

(b) Rotational dynamic equilibrium

(1) Earth
(2) Seesaw with heavy dog and cat
(3) Roulette wheel

®

(c) Rotational Dynamics (not in equilibrium)

(1) Earth
(2) Seesaw with heavy dog and cat
(3) Roulette wheel

SD.2.L2-4:

Description: Determine the tension in rope using torque analysis. (1 minute + 3 minutes + 1 minute + 4 minutes + 5 minutes + 2 minutes +
3 minutes + 5 minutes)

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%28Rotational Mechanics.one%... 6/15



OneNote

Learning Objectives: [1, 12, 13] Faad e
/J
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Pro Statement: Elgae the Eagle is 5 kg and perched at the end of a 3-m long flag poSggf%am,,lO kg belng held up by a rope as seen
in the figure below. The flag post connects to the wall via a pivot. The rope connect to the flag post a 3
flag has negligible mass. We wish to eventually determine the tension in the rope.

(a) Where would you choose your reference axis from this list of likely candidates?

(1) A

(2) B

(3) C A

(4) D T -
\:_

(§6-50° = 130°
utTne of the flag _,

I+

-—

t. I\e R, S

?f,With the system defined as the flag post, draw the e-FBD on th%Bw {
os

>
—_ -
o) E.) = I:l' (c) Draw the vector operation diagram that would be useful when
T\ S—:r\finding the torque from the tension on the flag post.
£P ep

27,2 To

o S B F et e

(d) Which of the following mathematical representations correctly represents a 2nd law analysis for this scenario?

) [sin0,) = Lo

(1) |rn| lFN| sin(Oy) + |7 |FT| sin(0r) + [T, | |F§P|sin((-)g) + |F |
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(2) |rT||F |s1n(97)+ |rg||FEP|s1n( o) + [Fe| [F o o[5in0:) = Lo

(3) ?rTP|i<L
o ol e - f o

in(0,) =

s,\(;soﬁé Sm() 5m)(;0F;oI)S{Mn/é) _ (A ka)( o) = O

) +re|

sin(0r) + |F,

(e) Elgae the Eagle is 5 kg and perched at the end of a 3-m long flag post of mass 10 kg being held up by a rope as seen in the figure
below. The flag post connects to the wall via a pivot. The rope connect to the flag post at the center of the flag post. The flag has
negligible mass. What is the magnitude of the tension in the rope?

51 .. o - ¢
[y 5= Ml Zf= %, .
T £/ Sk R
B A L A R
l FY - (os.geienstsgzo Tyt QU800 Gosng) — fouyy .,
[PS]
Ty R J:_:]
@P = Nr I ~
(f) Draw a FBD for t[@'ﬁflag post. ):g)yVVha{tgr tll'\wje and y components ftie:;eactioﬁ{?ofcoe ?rjo the wall on the flag post?

=
‘: = < GLj 449,077

) =0
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wi eyt!
$D.2.L2-5: CCoret) —

Y §
Problem Statement:\B
with the top of the la
to determine the maxim
ey

e

ny, 20 kg, is looting Autzen stadium of all of Phil Knight's moneys. He places a 130 kg ladder against an icy wall
at the top of the 30 meter icy wall as seen below. Icy wall here Mplies\negligible friction. We eventually wish
normal force from the icy wall on the ladder.

-y Flooa s pr

Al
(a) Draw an eFBD for theﬁﬁdder m. See hints for help.

=Ff

6]
T

@B: (93 = ,(‘{Oo
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o
(b) Draw any vectoﬁ)ﬁé&aﬁonsloj(pﬂnd angles that are related to cross products.
W 9 ©
~° ~ -
N
u[*\ﬁl\*’]ElT/{rq/ A|‘:O

- wa‘ \F’:IlS"r\SW ”l' H—:B' [ﬁf;;}S:A&B 4 \ﬁ‘)]lﬁé,&lr% ~ 0

e
(c) Benny, 20 kg, is looting Autzen stadium of all of Phil Knight's moneys. He places a 130 kg ladder against an icy wall with the top of the
ladder he to. fi‘t,he 30 meter icy wallcs seen below Icy wall here implies ne |g3bllelf/j on What is the maX|mum normal force from

the ey i Vdderzsin(120°) 4 7150\)1"“3}48%)5.,\ ) ¢ 130 ) ( “w]S (14¢) =o

\Fol = 699
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Act ll: Stability

O
Description: Apply torque analysis and center of mass stability analysis to determine critical point location. (4 minutes + 4 minutes + 5
minutes)

h

~ Gocy gE Ny
‘TFGW\ by J9§ m Ay

Problem Statement: After being caught stealing moneys, the Ducks take 20 kg Benny to the high se
is made from a 5-m-long piece of wood resting (not fastened) on two triangular pivots. We eventyally which to detgrmjpne the location
Benny would be when the plank begins to tip over (the critical point).

(a) The image below shows snapshots of Benny at 4 different locations as he slowly walks out to the edge. Four stu AN calculate the
torque from the left-most triangle on the plank using their reference axis at the right-most triangle. Their answers are written in the
following form: [rﬁL , T]I;]L , TZL , fgL] , Where N is the normal force from the left-most pivot and A-D represent the snapshots. Which of

the following set of torques could be correct?
(1) [-10,-7,-4,0]
(2) (4,0,-2,4]
(3) [4,0,4,10]

(4) [-10,0,-7,-10]

o e

(b) Whic(tﬁdl"(}'é %hﬂ“ﬂé ’h‘téﬂhematicil l;}p}&%éﬁ%‘i@é‘&&) rep?—eth a correct 2nd law application about the right most pivot when

Benny is at the critical point? The 15 kg plank is made from a 15-m-long piece of wood resting (not fastened) on two triangular pivots.

F[sin(0n,) + [Fe|| }\sﬁ,@f); R LTS i

(1) |FNL|

FNBlsin((-)NB) = Lo

NR) + |FNB|
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FNB|sin(9NB) = Lo

1/16/2021

@) [fv,| FNL’sm(eNL) — [Fe | [F] sin(0) + [ FNR’sin(ONR) ~ |, |

iﬂg’sin(ONB) = Lo

o | si n(ONR) A
FNB

(3) |rq] |Fg|sin((-)g) + [T |

sin((—)NB) = L«

(4) [ | |ﬁg|Si”(9g) = [Fw, |

G D

TR T e
i, et Xerms (29)051) + (fe14005 )n (201
em My +Me @ N zos "

(c) With Benny (20 kg) at the critical point, w a>'< é%‘é center of n?ss f the Benny + plank system using a coordinate system on the left
hand side of the 15-m 15 kg plank? ~ ‘ Mm

(1) A D
(2) B '

(3) C PsY @ &y -
(4) D Critical 3/ K { & 8‘ i 5 h/

point /

QTR%ELQS Cow DT~ -

Wk 1§ Bwwy AT Sslurigr «v/ SDMTUN Gunot pen

Xﬁﬁb" X M X2 my

(r~

my +Mp
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3.5 Q{M)(U\Ki’)) 4 XBG_\ (2o k)
Sz

QS +1a) Ky

\JNS‘\M‘:& ¢ ST/J@LJ} ('

%
8 3

SD.2.L2-7:

https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%28Rotational Mechanics.one...  13/15



1/16/2021 OneNote

Description: Estimate center of mass given images of systems in static equilibrium. (6 minutes)

‘ Problem Statement: Below are four images of objects in equilibrium. Estimate where the center of mass is located for each.

Jralt \
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Conceptual questions for discussion

—_

If the net torque on a system is zero, is the system static?

2. Aladder is leaning against a wall on one end, and on a horizontal floor on the other end. As a person climbs the ladder, at which
point along the length of the ladder is it most likely to slide on the horizontal floor?

3. Do you agree with the following statement: If the net torque on a system is zero, then the net force must also be zero. Provide
examples if you don't agree.

4. Do you agree with the following statement: If the net force on a system is zero, then the net torque must also be zero. Provide
example if you don't agree.

5. Do you agree with the following statement: All systems will tip over if the collective center of mass is beyond the furthest most

normal point. Provide examples if you don't agree.

Hints
SD.2.L2-1: No hints.
SD.2.L2-2: Recall the standard convention for torque is ccw(+) and cw(-).
SD.2.L2-3: No hints.
SD.2.L2-4: When choosing reference axis, determine which forces you know the least about.
SD.2.L2-5: When picking the location of the reference axis, think about what forces you know and don't know. When drawing the normal
force from Benny on the ladder, where would Benny be located on the ladder when the wall provides the largest normal force on the
ladder?.

SD.2.L2-6: No hints.

SD.2.L2-7: No hints.
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(SD.L2.3) Practice Stage

Thursday, March 29, 2018 8:34 PM

Statics and Dynamics (SD)

Practice Stage:

Post-lecture 2: Application of 2nd Law: Static Equilibrium and Stability

Reading
1. none

Lecture Videos
1. none

Example Problems

1. none
Simulations
1. none

Other Suggested Content
1. none

Practice
1. none

Homework

SD.L2.3-01
Description: Calculating force of vertebrae that hold a head up

Learning Objectives: [x]
https://oregonstateuniversity-my.sharepoint.com/personal/walshke_oregonstate_edu/_layouts/15/Doc.aspx ?sourcedoc={21ea6c25-5fab-4328-8956-a6e93b96d5f1 } &action=edit&wd=target%28Rotational Mechanics.one%7... 1/8
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Problem Statement: A person working at a drafting board may hold her head as shown in the figure, requiring
muscle action to support the head. The three major acting forces are shown. Calculate the direction and magnitude of
the force supplied by the upper vertebrae Fy, to hold the head stationary, assuming that this force acts along a line

through the center of mass as do the weight and muscle force.

F,=60 N

(a) Fy= 106 N, =189

(b) Fy=97 N, =592

(c) Fy=59 N, 6=31¢

(d) Fy= 110 N, 8=30°

Answer: (c)
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Description: Force of hands on floor during a push-up

Learning Objectives: [x]

Problem Statement: What force should the woman in the figure exert on the floor with each hand to do a push-up?
Assume that she moves up at a constant speed.

(a) 408 N downward
(b) 147 N downward
(c) 15.0 N downward
(d) 127 N downward

Answer: (c)
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Description: Calculating the forces in your jaw when biting

Learning Objectives: [x]

Problem Statement: Unlike most of the other muscles in our bodies, the masseter muscle in the jaw, as illustrated in
the figure, is attached relatively far from the joint, enabling large forces to be exerted by the back teeth.

= 29 cﬁ/ Ié

Masseter_/
muscle
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(a) Calculate the force exerted by the teeth while biting on a bullet.

(1) 3.45x102 N
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(2) 2.00x102 N

(3) 1.2x102 N

(4) 4.76x102 N

Answer: (3)

(b) Calculate the force on the joint F).

(1) F;=84.0N
(2) F;=545 N
(3)F;=145N
(4)F;=316N

Answer: (1)

Description: Calculating force in an Achilles tendon

Learning Objectives: [x]

Problem Statement: A 75-kg man stands on his toes by exerting an upward force through the Achilles tendon, as in
the figure.
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(a) What is the force in the Achilles tendon (F,) if he stands on one foot?

(1) 2.25x102 N

(2) 2.45x102 N

(3) 7.35x102 N

(4) 2.21x103 N

Answer: (4)

(b) What is the force acting on the bones at the pivot point (Fp) if he stands on one foot?
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3.00x102 N

9.80x10% N

1.47x103 N

2.94x103 N

Answer: (4)

Description: calculating the force needed for a brace to hold up a wall

Learning Objectives: [x]

Problem Statement: A 17.0-m-high and 11.0-m-long wall under construction and its bracing are shown in the figure.
The wall is in stable equilibrium without the bracing but can pivot at its base. Calculate the force exerted by each of
the 10 braces if a strong wind exerts a horizontal force of 650 N on each square meter of the wall. Assume that the net
force from the wind acts at a height halfway up the wall and that all braces exert equal forces parallel to their lengths.

Neglect the thickness of the wall.
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(1) 2.12x105 N

(2) 1.93x103 N

(3) 2.12x10%N

(4) 1.48x104 N

Answer: (3)

Description: x

Learning Objectives: [x]

Problem Statement: x

Answer: xx
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