Homework Set # 5

*4-1. If A, B, and D are given vectors, prove the
distributive law for the vector cross product, i.e.,
AX(B+D)=(AXB)+(AxD)

Consider the three vectors; with A vertical.

Note obd is perpendicular © A.

od = |A x (B + D) = |Al(IB+ D)) sin8,

ob = IA x Bl = |AllBl sin6,

bd = IA x DI = |AllD| siné,

Also, these three cross products all lie in the plane
obd since they are all perpendicalar o A. As noed
the magnitude of each cross product is propomional
0 the length of each side of te riangle.

The three vector cross - producty also form a closed
risngle o'b’d’ which is similar to triangle obd. Thus
from the figure,

Ax(B+D)=2AxB+AxD (QED)

Now also,
A=AlrA)+Ak

B=5i+B)+ 5k

D = D1+ D,) + Dk
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46, If 0 = 457, determine the moment produced by the |
4-kNM force about point A.

Resolving the 4 - kN force into its horizontal and vertical components, Fig. a, and applying the
principle of moments, '

+M, =4 c0sd5°(0.45) — 4 sin45°(3)
=-721kN-m="721kN-m (clockwise) Ans.
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#*4-8, The handle of the hammer is subjected to the force
of F = 201b. Determine the moment of this force about the
point A.

Resolving the 20 - Ib force into components parallel and perpendicular to the hammer, Fg. a,
and applying the principle of moments,

(+MA = —200c0s30°(18) — 205in30°(5)
=-361.77 Ib-in=362 Ib-in (clockwise) Ans.




4-10. The hub of the wheel can be attached to the axle
either with negative offset (left) or with positive offset
(right). If the tire is subjected to both a normal and radial
load as shown, determine the resultant moment of these

loads about point O on the axle for both cases.

For case 1 with negative offset, we have

£+ Mo =800(0.4) - 4000(0.05)
=120N-m (Counterclockwise)

For case 2 with positive offset, we have

(+ M, =B800(0.4) +4000(0.05)
=50N.m  (Counterclockwise)
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*4-17. The two boys push on the gate with forces of
F,=301band asshown Determine the moment of each
force about C. Which way will the gate rotate, clockwise or
counterclockwise? Neglect the thickness of the gate.

¢ () =-5(3)

==162b-fi=16210-ft (Clockwise) Ans

G (M) =50(sin 60°)(6)
=260b-fi  (Counterclockwise) Ans

Since (my, ) . > (M, ) .. the ga will rotaie Counterclockw lse.  Ans

#4-31. The towline exerts a force of P = 4 kN at the end
of the 20-m-long crane boom. If # = 30°, determine the
placement x of the hook at A so that this force creates a
maximum moment about point @. What is this moment?

Magitrom moment, OF 1 BA
r"'(%)lﬁ =41¢N(30)=30m‘m2 Ans
4 [§{sin60°(x) ~ 4 kN cos60°(1.5) = 80 kN-m

x=240m Ans

P=4kN




4-51. Determine the moment produced by force F about F = [—6i + 3j + 10k} N
the diagonal AF of the rectangular block. Express the result
as a Cartesian vector.

Moment About Diagonal AF: Either position vector ryg or rgg, Fig. @, can be used to find the moment of F
about diagonal AF.

4 = (0-0i+(3-0)j+(1.5-1.5k = [3]lm

rrg = (0-3)ji+(3— 3 j+ (1.5 —0)k =[-3i+1.5k]m

The unit vector 41, Fig. a, that specifies the direction of diagonal AF is given by

ay = B-0I+G-03+O- 19k _2,.2 1,
(3-0% +3-02+(0-152 3 3 3
The magnitude of the of P about diagonal AF axis is
% 3
Myr =uyp-rupg xF=|3 3
AF =UAF “TAB 33
63 10
=;[110)—(3)(0)]—%[0(10)-(—6X0)]+(—é)0(3)—(-6)(3)]
=14N-m
or
2 2 1
Mur =uurp -vpg XF=13 3
AF =BAF “TFB 3 3 3
63 10

=-;-MIO)—G)(l.S)]-%[(-3)(10)-(-6)([.5)]+(—%)(—3)(3)—(—6)(0)]
=14N-m

Thus, Mgr can be expressed in Cartesian vector form as

Myr =Mgruge =1 §l+%j—-;k)=[9.33l+933j-4.67k]N-m Ans.




4-54. Determine the magnitude of the moments of the
force F about the x, y, and z axes. Solve the problem (a) using
a Cartesian vector approach and (b) using a scalar approach.

Q) Vector Analysis

Position Vector :
s ={(4-0)i+(3-0)j+(~2-0)k} fr= {4 +3j-2k} f

Moment of Force F About x, y and z Axes : The unit vectors along ,\‘/<

x, yand z axes are i, j and k respectively. Applying Eq.4—Jl, we have 3
M, =i-(r, xF)

1 0 0

i 3 4

4 12 -

=1[3(=3)-(12)(<2)] -0+0=1501b-ft Ans

F=(4i + 12§ — 3k] Ib

M, =j-(ryy xF)

0o 1 0
=|4 3 —;I

4 12 -
=0-1[4(=3)=(4)(=2)] +0=4.001b- ft Ans b) Scalar Analysis

“*=':)"""°"""1 M,=EM; M, =122)-3(3)=150b-t  Ans
I 132 :z| M, =IM; M, =-4(2)+3(4)=400lb-fi  Ans
=0-0+1[4(12) ~4(3)] =36.01b- 1t Ans M, =XM; M =-4(3)+12(4)=360Ib-ft Ans
4



*4-60. Determine the magnitude of the moment
produced by the force of F = 200 N about the hinged axis
(the x axis) of the door. 0.5m

Moment About the x axis: Either position vectorrgg orrgy can be used
to determine the moment of F about the xaxis.

Iy = (2.5- 2.5)i+ (09659~ 0)j+(0.2588 — 0)k = [0.9659+ 0.2588k ]m
£op =(0.5-0)i +(0—0)j+ (2 -0k = [0.5i + 2k]m

The force vector F is given by

200 (05~ 2.5)i+(0— 0.9659)j+ (2 —0.2588)k

F=Fa,p=
¥(0.5-2.5)% +(0 - 0.9659)° + (2 - 0.2588)°

] =[-141.73i -68.45j+ 123.39k ]N

Knowing that the unit vector of thex axis is i, the magnitude of the moment of F about the xaxis is
given by

1 0 0
M. =i F= =137N- Ans.
x =g x 0 09659 o. m

14173 -6845 1233

1 [i] 0
M, =irgp XF= = 137N - An
® =Ttop 05 0o 2 m =

F141.73 -6845 123.39

8(0:5,0,2)"

k(25 1Cosi5] 1 SiniE") M
=(2.5,09659, 0-2588) ™
c(2-5,00)m




4-75. If F =2001b, determine the resultant couple
moment.

a) By resolving the 150 - 1b and 200 - Ib couples into their xand y components, Fig. a,
the couple moments (M ); and (M), produced by the 150 - Ib and 200 - Ib couples,
respectively, are given by
('+(Mc)| =-150c0830°(4) — 150sin30°(4) = -819.621b-ft =819.621b-ft

(+(M,_.);_ = 20{%}2“ zoo[%)m =5601b-f
Thus, the resultant couple moment can be determined from

(MR = Moy + M)y
=-819.62 +560= -259.62 Ib-ft =260 Ib-ft (clockwise)

b) By resolving the 150 - 1b and 200 - Ib couples into their xand ycomponents, Fig. a,
and summing the moments of these force components algebraically about pointA,

Q(MC )R = IM 43(M )R = —150sin30°(4) - 15000530"(6)+20({%](2)+ z(x(%)(s)

- 20({;3)(4)+ 2(1{%)(0) +150c0s 30°(2)+ 150sin30°(0)

=-259.621b-ft =260 Ib-ft (clockwise) Ans,
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4-78. If ¢ = 30°, determine the magnitude of force F so that
the resultant couple moment is 100 N - m, clockwise.

By resolving F and the 300 -N couple into their radial and tangential components, Fig. a,
and summing the moment of these two force components about point O,

(«Mc R =3Mg: —100= Fsind5°(0.3)+ Foos 15°(0.3)~ X300 cos 30°)(0.3)
F=I1IN Ans.

Note: Since the line of action of the radial component of the forces pass through point O, no
moment is produced about this point.

300N

300$in30°N

3005sin30°N
CY)

*4-80. Two couples act on the beam. Determine the
magnitude of F so that the resultant couple moment is
4501b - ft, counterclockwise. Where on the beam does the
resultant couple moment act?

L+MR = XM, 450 = 200([.5)+Fm30°( l.ﬁ]

F=139b Ans

The resultant couple moment is a free vector. It can act at any point on the beam.



