Introduction to Mechanics for Engineers — Ruina & Pratap Ch5 Section 5.2

5.2.6 Which of the objects below can-
not possibly be in equilibrium and which
ones can? (Where the center of mass is
indicated, assume non-zero weight act-
ing vertically downwards. Assume di-
mensions as needed.)

a) Explain in words.

b) Explain using equations.

Note that scalars (e.g., F, F;, etc.) can
be positive or negative unless mentioned
otherwise.
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Problem 5.2.8

5.2.8 A straight uniform 1000 N beam is
6 m long. It rests on a flat stack of boards
with a 2m overhang. How far out the

overhang can an 800 N person walk with-

out the beam tipping over?
Problem 5.8
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5.2.9 The uniform bar AB is 5m long
and weighs 100N. It is pinned at A and
supported by the horizontal cord BC at-
tached at end B. A 50N weight hangs
from end B.

a) Find the tension in cord C.

b) Find the magnitude and direction
of the force exerted on the pin at A
by the bar.
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5.2.10 For static equilibrium of the sys-
tem and the configuration shown in the
figure, find the support reaction at end A
of the bar.

Problem 5.10
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5.2.11 A 400N child stands on the end
of a uniform 800 N diving plank which is
pinned on one end and which also rests
on a log (idealized as frictionless). Find
the force of the log on the plank and of
the pin on the plank.

Problem 5.11
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Problem 5.2.12

5.2.12 A negligible weight 6 m rod is
pinned at one end and leans over a fric-
tionless wall a third of the way up from
the bottom. Find the forces of the wall
and the pin on the rod.
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5.2.14 The 30N uniform rectangular C
plate is supported by a pin at A and cable
BC attached at corner B. A 65N weight 379 B
hangs from corner D. i3
25cm
b
a) Find the tension in the cable. 25em
D4+

b) Find the force exerted on the plate |
by the pin at A. 65@
Problem 5.14
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5.2.15 A uniform door of width 1 m and hinge? If not, what do you know
weight 200 N is supported by two hinges about these forces?
a distance 2 m apart.

a) Find the horizontal component of T
the force by the door on the upper T
hinge.

b) Find the horizontal component of
the force by the door on the lower
hinge.

¢) Can you find the vertical force of Problem 5.15
the door on the upper or lower
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5.2.16 In the mechanism shown, find
the maximum force F that can be applied
at A normal to the link AB such that the
magnitude of the force in rod CD does
not exceed 10kN.

Problem 5.16
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5.2.17 For biomechanics purposes mus-
cles are commonly modeled as massless
cables and joints (elbow, shoulder, hip,
ankle, etc) as frictionless hinges connect-
ing rigid bones. You will find that the
muscle tension and joint reaction forces
are large compared to the loads being
carried. This is a general feature in
biomechanics because muscles usually
have short lever-arms relative to the bone
lengths.

A human forearm weighs 14N and
supports a 100 N weight. Find the mus-
cle tension and the force of the upper arm

on the forearm at the elbow.
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sketch

deltoid muscle

5.2.18 See Problem 5.2.17. An arm
weighs 7 pounds and supports a 12
pound weight. Find the tension in the

deltoid muscle and the force of the body shoulder
on the arm at the shoulder joint. \F 12 Ibf l
15 / . 4
=l
[~—11" | 12" 1

Problem 5.18

/“M/»»Jt Fz12 4b§

12 Lbf
'“@f;_{::__““; . @_,—Li—,f:*iﬁa
pETS 8

b5 , A h
k———( Le22 — —» A Li
C}S \}) {;\7(;{) Feb

. ntabions
Lot ut ke following rep W
w kﬂ j L e n"=23" 2 L.

N and g\,\o\avx bj
% ““'F“’"[ﬂ mwmd ofov§ Yo Ly

\I)J MUJ\A’ 'b ovm
j"} per b ,Q.MJU‘ , _C: U*/m.

' T abowt Pph\f .A'/
' Spe sqcdom [FEO g‘gtn)]
Now, ‘d/omj mowend  balance Ub (7
wt 3"“ .

o _FA e, X
YB/Ax( J) LR/

L

5 g

(_Twsei«thinej)Jr f“x “—ZCL'(J)—O
0

N W '\,‘) o .l
_FLQ+ g, Tsing k7 el v

\F-*‘Li_):;‘,g—;e > T= ("l_tiy—z—i

7

{ﬁru\z)}' k= 5 8in('Y)

_ 5.48 b

Force balamce o% Fhe bodd 8:% .
_ Teosol +TSv“9J - FJ w] =0

> E’ _ TMSGL + kF'W’ T5‘“0)3
=, I3 - isiaiarent
g y 4146" Y ,52-3\!)9%

Jha otom o ot Joint b TRERELRECR
The M‘aam_h‘dl /b (Dm gb = bodd 7 | Aham @ Fovrnal {orce
Nobiee  Lat | the nwstle tengion T s much jvu\}w A
wibecange | gl Sover am omd emallet amd(:. ;
e aim 18 AmZaukAﬂfl exhomded .

Disclaimer: We have lost track of the many people who wrote these solutions.
They are not official and have not been reviewed by the authors for correctness.



Chapter 5. 2. Static... Introduction to Mechanics for Engineers « © 2026 Andy Ruina & Rudra Pratap Problem 5.2.19 15

5.2.19 A 240N roller is 1 m in diameter.

Itis being pulled over a 0.1 m curb with a 422
horizontal rope. The roller does not slide a) b) F
on the curb. - —
a) What is the force required to lift >
the roller over the curb with the
rope attached at the middle?
b) What is the force required if the
rope is instead wrapped around
the roller as shown? Problem 5.19
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5.2.20 What are the forces on the disk
due to the groove? Define any variables Y
you need. 61 6>

x
Problem 5.20
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Problem 5.2.22
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5.2.22 Assuming the spool is massless
and that there is no friction at point A,
find the force on the spool at point B
in order to maintain equilibrium. Note,
there is friction at B. Answer in terms of
some or all of r, R, g,6, and m.

EBD.
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5.2.23 Find the tension in cord AB.

Problem 5.23
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