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A.

Forces and Moments

1. Given: A forca of 700# magnitude passes through
_ points A and B as shown.

n =
= 4ps

_E = Joon

Find: a) Express this force as a vector using unit
vectors.

k) What are the x-, ¥—, and z-—-components
of the forcae? '
<)

Give the direction cosines ¢f a line segment
drawn from A to B.
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F' - 2. Given: A force of 100# acts at
r l,"ﬂ- peint (12,8) as shown.
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Resolve the force into components Fx=1tluu-aa# and F,-isluo-scw:
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3. Given: The force F = 10i + 20j —40k passes th.rdugh
-point C(5,-1,3) -

P

Find: a) Moment of F with respact to the origin.
b) Moment of F with respect to point A.
c) Moment of F with respect to line AB.
d) As seen from locking from B to A, is
+the moment of part ¢) cleckwisa or
counterclockwise?
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B. tants o ce Svstems
‘. R=loo /b

L L . ga0® 1. Giwven: The three coplanar
. parallel forces as

R . shown.

3 5 «
/ I Find: The resultant of this force
N tam.
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Solution:
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2. Given: Thae force system shown,
consisting of the two forces
and one couple. E,, passes
through peint By E, has
magnitude of 50F and passes
through points D and E;
the couple lies in plane BCDF
and is counterclockwisae as
sean from above.

Find: The resultant of the
given system axprnss-d
as a force at the origin
plus a couple.
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1. Given: A boom and wire assembly
ﬁC. Wiy = (53 supports a 100 pound weight.

Find: a) Tensicn in tha wire.
b) Pin reaction at A.

P]h

Sglution: Free body diagram is the boom.
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‘2. Given: A simply supported beam is loaded as shaown
with a parabolically distributed load on
the left half and with a 1000# load S5 £t
from the right end. The maximum intensity
of the distributed load is 100 pounds
per foot.

Find: The reactions at A and B.

Solution:
Free body diagram is the beam.
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The two wires AC and BC support the
100 pound weight as shown.

3. Given:

Find: The tensile force in each wire.

-Free body is ring at c.
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Solve Ecluas. D+ simu\-!anemlj he Faa Fg !

Fromm () Fa = ﬂa_FB

From (20 4 ($Fs) 37, = S00

b 3 =50
34 )FE, 500

Z Fa=500 o [Fp= Zx5t0= ok
+ [FR= IxFp=4,40
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4. Given: A 100# disc is maintained in
equilibrium on a 3-on—4 slcocpe as
shown. The.frame is weightless and
rigid.All surfaces are smocth.

Find: All unknown forces acting on the disc.

Sclution:
Free body is the disc.
I
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No more independent equilibrium equations
can be written for this concurrent coplanar

system of forces. Therefore, wWe must use another

free body.
The free body is the frame.
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" 3p . box 2 -NyxZD =0 :
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5. Given: A 100# uniform bar AB is supported by a
. ball-and-socket joint at point A{6,0,0)

-and by a smcoth wall at peint B(0,3,2).
A wire BC prevents motion.

Find: The tansion in the wire BC.

Free body is the bar.
“4 since only one unknewn is desired, we can find
F' T ] it by a single egquilibrium egquation.
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Note: This problem could hava been solved using wvactors,
but with more efforl:
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1. @Given: Thrae discrete particles are located as shown.
Masses are A = 1 slug, B = 2 slugs, and
C = 3 slugs.
Find: Leeation of center of mass of the system
of particles.
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2. Given:

dA= )fdﬂ' =_!_‘°Lx

20
A second degree parabola with vertex at
origin passes through peint (10,5).
Find:

The location of the centroid of the area
under the curve by direct integration.
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where X,z x-coordinate of the element (element
considered as » recta
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equyﬁm of +he curve !
2
4y=Kx* & @ x=|o, y= 5 == 5=l-<_él_b) i
= —2;— >~ o 47]l=
1 %
- fxaa _ I‘ququ- omx ("‘ﬁ)dx _ o X ax B éﬁ_ .
FTah  Thyax — TP A2 dx Joxtax XETE
= Ja
4 P
:ﬁix%=-—§-xto= .5 =X
- 3 e w4 ol
DSy L@ ogdx eftE o 4]
= e x*+ - s 2 ) % qle - 4'30 T
Jd* o:l.ad"‘" So x*ax 53-0 1o
= 30x10° o 3ax\0a 3
400 x5xio® — zdc0




€9

Figure Area & Centroid Area Moment of Inertia (Radius of Gyration)? Product of Inertia
Y A = aa? I =1 = x4 2 =1 =d/d L, =0
c s i, = a I, =1, = 5aa'4 r} = r} = 5a%4 I, = Ad?
Y. =a J = xa'f2 r} o= a2
x
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4 O I, =1 = 5Wf - na®b® - ﬂ%‘ r} = r} = (5a® +b)4 xy Ad?
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A = zd¥2 I = a‘(9a® - 64) r? o= a%(9.> - 64) I, =190
¥ - % = a % T2n % 36x° i = 2a%3
J (] - 4 2 _ a xy
v, = 4a/3) IJ’. aa'/8 n. a4
f—— 97— ¥ I. = =a'/8 T'f = a4
I, = 5aa'i8 r; = ba%4
¥ A = a% I, = a%® - sin ¢ cos 0)/4 Pl o= a? (9 - sin 6 cos 6) I, =0
0 % - cTe
A _ 2a ging I, = &% + sin 0 cos §)/4 4 g I, =0
x = 22 SIDP
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Ny $ = L@ rsing
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y . .
Y sm29) _ [ _ _2gin"0 cos 8 l 3 i“[ _ Zsmseoosa] L, =10
}/\ = a(a 2 L !~ 3% 3smn6ooss T = g "% _3smocose I Zo
Ty
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\\}C ¢ 3 6-sinfcosd e/ 8 -sindcoso 4 4 # - gin 6 cos @
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y = 4ab/3 ., =L = 4ab’/15 rfc = = b5 L, =0
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Parabola

Housner, George W. & Donald E. Hudson, Applied Mechanics Dynamics, Copyright © 1959 by D. Van Nostrand Company, Inc., Princeton, NJ. Table reprinted by permission of G.W. Housner & D.E. Hudson.




Note. Centroid of o helf-civcle 15 known o lie 2 distance of 4R
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Given: A 6/ by 4° rectangle is topped by a semi-
circular area as shown.

Find: Location of the centroid of the entire
area by the composite area method.

27

from +Hhe centerof the arcle. Qi—-—t

T
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Solution: half cirde t-a— i
s r{_cj.'&l‘?‘-
x= AL AX x Agry T@PRZ + o x4x2’
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= 2lzwy24] 27
Zwx L4

We could have found X=2" by symme (Hhe line x=2 15 a

line, of Q?fmm-t:'l' ) ar from the fadl thel tRe centmid of each
es on the ling’ x=Z. f

- )+14x?> 2t + 45+ 72
G- ZAM . AgrAy,  pr@iCrss
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4 Given: The torus(doughnut) has dimensions shown:

Find: a) The surface area of the torus.
b) The volume of the torus.

Solution:
a) By the first Pappus theorem,
A=o6eLqg i
w'm:;e S = amle of rotehen (here 58=21)

L= [cnﬁ-Hn of plane curve _
g: disfance from centroid of line to
axis of rotation

s Az 2w (em(@) = 1278 =S 59 &

b) By the second Pappus theorem,

= BAY -
v ﬂhe?e, 6 =same as abovelhere e=2T)

A= plane area rotated
g= S[s’ra nce from centroid of area to
axis of retation

s V= 2alw)E)E 67°={59.4 e £+







E. Exiction Problems

A force P is to be applied to the &7

X 87 block

Given:
as high as possible without tipping the block.

and just start the block to slide.

Find:
friction of p = 0.6.

Force P and height h for a coefficient of

R
ution: Free beody is the block. /:{ T & :u.';-;,‘;’
r Zszo
'1, £ ﬁ"?-D.dﬂN=o - . 4D
. 1 3 5
: ¥ Fy
q f! 2 1ZFy=0
J. | 2p+n-100=0 - - (P
. <
% 100" | L p » ZM, =0
: ) = M A - - } 2)
{_.5 N = en 3x100~zPxh=0Q
N

Salving (1) & (2) ‘simultaneously, we find

P= 5. F+¥ and N= 6% (notice that NF oo )

Then fram_(zl, we find

h= +.25’

P=51.3%
h= 7.25"
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Given: The simply supported truss shown is

1.
loaded by a 2000# vertical load
at point cC.
Find: a) Reactions R, and R;.
b) Force in members EF and GF by
: the metheds of joints.
c) Force in members CD, DH, and GH
by the methods of sections.
Solutien: a) Free body is entire truss (Picture above)
-
ZMa=0
13;{2031‘3_ ~
48R, —18X200= 0 or Rp= “orm— = ¥50% = R,
451,=0
R, +R,- 2000~ Q or R, = 2o000-R, = 2000~ F50
RI =1250%¥
b) Free body is Joint F.
+ -
Fre EF‘*"O
4 -1 -
3 5 Fee * #5020 or Fg= "3 x750=~-gagk
or | Fee = 9384
Foe ) | Fre )|
750
Ef-_ﬂro

.-FFG-E?F}E=:C} or ﬂq;::‘E%FFE'='-§§<}5535?50)

= 2x¥50 = 563%
or| Frg = 563 % (1) |




c) Free body is right "half" (or secti
thae beam (salid lines). ¢ iom) of

lzop0 &
: AzR =0
B <y feo D & 4
ST TNT T OO e
g \\ :f N 3 a’ o
ﬁ_{_} _iz'_ _:_’_;1;' _\.___F“'i T Fl FDH? %%?50
I 4 = 6
i N 2 ’Eﬂ I?S’o - = 938%
|
o Clotipd lines shoun for aeomatie  Lon =938 % ()|
redsons qn‘{_j j
S o
= Q
- 1anT
Bx 750 —Rux8=0 or Fan~ ___5_5_0_: e85+
or [Fon = 1685 % ()|
EFH=O

or Fepr-Fan=- % (2750

=
_-Ft'—'l'J -"1:6?-' = Fn“:O
' =B85 -5

Note: We can also find F.p, by summing moments with
respect to Polnt H; moment axas do not need

to be attached to the free body.

'EMH=O
=
B Fo+ 24xF50=0 of Fup= —24:*;-»0

Checks soluhon abeve.

= —2250 % <)






2. Given: The given frame is made up of continuous
members pinned at B, €, and D. The frame
is loaded by a 100# force at F and is
supported by a pin at A and by the smooth
horizontal plane at E.

Find: a) Reactions at A and E.
b) Pin forces at B, ¢, and D.

a) Free body is the entire frame.

=
2M.\=O
12 Ey 100 xig=0
or Ev = ’___-—5*2‘°°= \So#
]

joa= -
lﬂ:‘—'{ ZFfi-0

Ap=0O
"F_unﬁ \
iz'

— E, ASF =0
or Ay = 100-Ev = l00—-150= =50

o Aﬁ =0
Ev= 1‘50*}"1'
Av = 5oF |




E‘ree body is member BDF.

EMB o = 8Dy-lbx l00=0 of |"Dv 200‘#'

d>F =0 =~ Dy=By —100=0O o By~ Dy—100- 200-100+= oot

[By = 0o % |

Free body is member ABC.
A
AZR=0

B’V'\‘C‘J-SO'EO ar C\":EO_%\J""- ‘_|OO".'.'."'5O

Cv= 504

5 e member- ABC
ZM.=0

50X+ bBy—4By=0
Bu= ABy=- 300 4(|no)—-3oo_ Leo _
Bn = l6.65%

$F=0
CatBr=0 or G4 =-By = -l6.0L5%

[CaziC.C5F an member AR |

Free body is member BDF again.

Z-FH =0 ' Note: Checks can be made now,
using member CDE as

Dyu—Bu=0 or DH"B‘H 14.65 ) a free body.
Dy~ 16.65%
60 mem ber PDF







