Chapter 1

1.1
(a) 30 1b 5.639 slugs 4 (133.5 N)/(1.62 m/s*) = 82.4 k
m=-——-- = 9. Slugs . . m/s = .
5.32 ft/s” & &
(b) W = mg = (5.639)(32.2) = 181.6 Ib ¢ (82.4 kg)(9.81 m/s”) = 808 N
1.2
W = pgV = (7850)(9.81) [7(0.04%)(0.110)] = 42.58 N <«
1.3
1000 N 1 m
1 kN -mm =1kN- —1N.
(a) e T TORN 1000 mm m
1.4
30 m 1 km 1000 mL
L=
30 m/mL = = X T 1L
— 30 km/L <
1.5
1 m 2 kg - m? kg - m
E = (1000 k (6—) — 18 000 — 18 000
! (1000 kg) (5" . (55 )
=18 000 N-m = 18 kN - m <«
1.6 kx 17 [L TF 1 L
. . Bkx . L O = L P i O
The dimensions of W are:  [gllkl[x] l:w:l = [Tz :I[L] [L][F ]- [TZ:,- [al Q.E.D.
1.7
The dimensions ofk=E are:  [k] =FJ=[—M-£}[ -1—}=,:M}
x x| | 2] L] |12
1.8
8 mm 1.0 m 1.0 ps
8 _ = 8000
MI/HS = — = X 1000 mm 105 mfs
1.9

y = kx* (where k = 1.0)

The dimensions of k = % are: .. [k] = [%} = {%} = [l]
X X L L

y = x2 can be dimensionally correct if the units of the constant 1.0 (not shown explicity)

are understood to be m™!.
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1.10

1.11

1.12

2[5
5] - - [
Substituting [F] = [M LT 2] —see Eq. (1.2b)— we get

Wy ] [ M [T

= e - L73 ED
7202 | |[ML| LQ

Substituting [F] = [M LT~?] —see Eq. (1.2b)— we get

(w2 1 [ M [ T1?]
_— _— E— = L_3 .E.D.
D Y| = |7 | 1N

1.13
The argument of the sine function must be dimensionless:

{%} =1 [BlL] {ﬂ =[] [B=[FL7] «
[F] = [Aka®) = [A][FLTYEY] [A]=[17] «
1.14

=110 kW «

1 kW
110 kJ/s =110 k
0kJ/s 0 kJ/s x K1/

2
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1.15

1.16

1.17

1.18

1.19

1.20

mamp _
F =G = (6.67 x 10711

W =mg = (12)(9.81) = 117.7 N
6.003 x 108
117.7

(12)(12) -5
g = 0.003x 107N

F
% of weight = s 100% = x 100% =5.10 x 10°% -

mAINp 1y (8.9 N/9.81)(8.9 N/9.81) 0
G (6.67 x 107') (0,406 3.38 x 10 ¢
M, , GM,
On earth: We - GRgm At elevatlon h . W = ﬁ
R? 63782
W=W,—""-——=76————-="T755N
(Re + h)? (6378 + 8.5)2 “

GM,, GM.
gm = R2 ge = R2
M, R?>  0.07348(6378)2

9m 1
Jm_ = =0.1658 = - Q.E.D.
Je M.R2, 5.974(1737)2 6 Q

GM (6.67 x 10~ 11)(5.9742 x 102“)
Shown below is the plotof g=—2%=

R? (6378 + h)? (10%)
h@m) g@/sH
0 os0 ¢
* 3
1000  7.32 (mls")
2000 5.68
3000  4.53
4000  3.70
)
GM.m GM.m
On earth: W, = c At elevation h: W = —5
TR B+ 1)

W, GM.m GM.m
wW=-—= <= ¢ R. + h)? = 10R?
0 RohE - dom (Feth) e

(6378 4+ h)* = 10(6378)*> h =13 790 km <«
3
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1.21

R=R.+ R, +d= 6378 + 1737 + 387 x 10°
=392.1 x 10 km = 392.1 x 10° m

M_M,,
RQ
=1.904 x 10*° N <«

5.974 x 10%4) (0.07348 x 1024)

BN
= (6.67 x 107'") (3921 x 10°7

F=dd

1.22
50°
v=vV52+32=58m/s a=tan g = 31.0°
» Vi tV|=583 m/s
31.0°
1.23
90°
W/
50 40°
——T=—L
8 m/s
v; = 8sin40° =5.14 m/s <« vy = 8sin50° = 6.13 m/s <«
1.24

Component parallel to AB : P = 1068 cos 30° = 924.9 N «
Component Pependicular to AB : ) = 1068sin30° = 534.0 N «

4
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1.25

P, P20
sin60°  sin70°  sin50°
in 60°
P, =200 — 226 kN <
sin 50°
P, =20 551N <
sin o0°
1.26
Law of cosines: v = /1.342 + 2.242 — 2(1.34)(2.24) cos 140° = 3.378 m/s
2.24 )
Law of sines: — = ,3 378 sina = 0.4262 o = 25.2°
sin o sin 140°
3.38 m/s
25.2°
1.27
R
65° 35°
(0]
35.5kN\ 80 D
P 35.5 sin 65°
= P =355 = 56.1 kN
sin 65° sin 35° sin 35° <

5
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1.28

Law of cosines:

R= \/35.5 kN? + 44.5 kN? — 2(35.5 kN)(44.5 kN) cos 80°

— 519 kN <
Law of sines:
445 519 445
_ ina = -2 gin80° = 0.8444
Sno  smeoe | Sma = ggsn80n=08

o = sin~*(0.8438) = 57.61°
0 =90° — 25° — 57.61° = 7.39° <«

7.46°
;51 9 kN
1.29
R=A+B
| By inspection of the triangle (dimensions in meters
l‘o — .
R=4/22+1.02=2.24m and 0 =tan 12 =624
|2 Therefore, the resultant of A and B is:
62.'7 .
2.24m
1.30
R=P+Q . .
P = .610 =673 m
sin 65°

Q = 1065 — P cos 65°
= 1065 — 673 cos 65° = 781 m

——dC

10)
|<—1065 m—>|

Therefore, the components are: 673 m along

OB and 781 m along OC ¢

6
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1.31

1600 N

Law of sines:

1600 Pup Pic

sin80°  sind0°  sin 60°
1600 sin 40°

Pip=————=1044 N «
sin 80°
1 i °
P — 2000SIO07 07 N
sin 80°
1.32
P, =845N
(04
1600 N 5
P.=935N

Law of cosines:

935% = 1600% + 845% — 2(1600)(845) cos a
a=274° <4

845% = 16007 + 935 — 2(1600)(935) cos 3
0 =24.6° «

1.33

Law of sines:
P 5
sin30°  sin50°
which gives
5sin30°

P=——==3. .
sin50° 326 kN
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1.34

Law of sines:
2225 3560

sinf  sin 125°
o = 180° — (125° + 30.8°) = 24.2°

8 =30.8°

R = \(65.80

3560 N
3560 P
Sni2e  smoios LT IBON <
1.35
R=W4T
T =8.9cos30° =7.708 N ¢
Y
90°
W=89N
T 30°
1.36
C
21.3°
116.2° a4
42.5 63.8°
A200mB
8
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) 200 a b
Law of sines: - = — = —
sin 21.3° sin 116.2° sin 42.5°

~ 2008in116.2°

Sn2lge  oAim
200 sin 42.5°
= 2T 379
Sn2lge  orem
1.37
3.5 N
Vi
R
/110N
' 90°~ax
535 110
sin(90° — ) sin 60°
sin(90° — a) = w = 0.4212
90° —a =2491° a=651" <
*1.38
300[\,
60°
250 N[ 80" >
R

First compute the resultant R of the two known forces. The smallest required F has the
same direction as R and its magnitude is 500 N — R.

Law of consines: R = /2502 + 3002 — 2(250)(300) cos 60°
=2784 N
S F=500—278.4 =222 N

) 300 278.4
Law of sines: : = —
sin «v sin 60°

300 sin 60°
pr— 1 71 —_—_—nm—_V—ABM— —M—PYM™MP ©
a = sin 7734 68.9

222N

42'1.10 <
9
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1.39
133.5N

Y/
222.5N|/290 N

/

Law of cosines:  290% = 222.5% + 133.5% — 2(222.5)(133.5) cos 7y

1 290 + 222.52 + 133.5
2(222.5)(133.5)

B =180° — v = 180° — 106.38° = 73.6° <

v = cos

= 106.38°

133.5 290

sina  sin 106.38°
_, 133.5s1n106.38°

Law of sines:

= 1 = 26.20 4
(0% S11 290
1.40
P = —135 cos 50° sin 30°i + 135 cos 50° cos 30°j + 135sin 50° k N
S P=-43414+752j+ 1304k N¢
1.41
(a) r =2405in40° cos50° i + 2405in40° sin50° j + 240cos40°k mm
;o r=9916i+1182j+183.8k mm ¢
L 16 Iy 1182 T 1838
® A =7 =——=0413 )= J = 0483 A= = = ag = 0766
Y = 0.413i + 0.493 + 0.766k
1.42

— —
AB = —1.52i + 0.915j m ‘AB) = 1522409152 = 1.774 m

—_—
AB  —1.52i +0.915)

A = =
’@‘ 1.774

= —0.85681 + 0.5159j

F = FX =2.49(—0.85681 + 0.5159j) = —2.13i + 1.28 N «

1.28 N

2.13N l

10
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1.43

1.44

1.45

1.46

1.47

1.48

(a) AB=Ti+j+5km . |AB| =71 12+52 =8.66m ¢
—
. AB  Ti+j+5k
(b) Aap = = : ?ﬁg — 0.8081 +0.115) + 0.577k m 4
AB  —22i+7.5j+ 3k
(a) Aup = I i 1;37'; o 0.26281 + 0.8958] + 0.3583k <
AB) :

(b) v =85 = 8(—0.2628i + 0.8958] + 0.3583K)

—2.10i 4+ 7.17j + 2.87k m/s <«

—
OA  —3i44j+ 25k

o= 24 TN TEOK 53671 4 0.7156§ + 0.4472k
’0 A‘ 5.590

A

F = FAoa = 320(—0.5367i + 0.7156j + 0.4472K)
= —172i + 229§ + 143k N <

—
A BA  4.27i —3.05] — 5.5k
BA = =
‘ﬂ‘ 7.602

= 0.56231 — 0.4016j — 0.7229k

F = FAap = 712(0.5623i — 0.4016j — 0.7229Kk)
= 399.91 — 285.7j — 515.1k N «

—
ADB = 48.8i + 67j — 21.3k m

—_—

AB  48.8i+67j —21.3k
A—é’ V/48.8% 4 672 + 21.32

A= = 0.5696i + 0.7832j — 0.2492k

v = v = 427(0.5696i 4 0.7832j — 0.2492k)
— 106.3i + 334.3j — 106.3k m/s <«

— —
BA = —6.1i + 18.3] — 27.4k ft ‘BA’ — V202 1 60% + 902 = 33.5 m

—
BA  —6.1i+183j - 274k

S i — —0.1818i + 0.5455j — 0.8182k
5] 335

11
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F, = F\, = 2.67(—0.1818) = —486 N <
F, = F\, = 2.67(0.5455) = 1458 N <
F.=F\, = 2.67(—0.8182) = —2184 N <

(b)
0, = cos™' A\, = cos ! (—0.1818) = 100.5° «
0, = cos '\, = cos ' (0.5455) = 56.9° <
0. =cos '\, =cos '(—0.8182) = 144.9° «

1.49

AB = —3j+5k m ‘E( — V315 =581 m

AB 3j + 5k
—3j

Tap = T-— =35

Ap ‘AB‘ 5.831

— —18.01j + 30.01k kN

— —
AC = —5i—3j+5k m ’AC’ VR P IR =7681m

—
AC . —5i-3j+ 5k

T = T‘_> — 3 6;1+ — 22781 — 13.67j + 22.78k kN
ac| :

R=Ti5+ T4
= —22.781 + (—18.()1 — 13.67)j + (30.01 + 22.78)k
= —22.8i — 31.7j + 52.8k kN «

12
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1.50

— —
AB = 2.44i — 2.44j + 1.22k m ‘AB’ = V2447 + 244 + 1.222 = 3.66 m

—
AB 2.44i — 2.44j + 1.22k

Fap=F —F
A ’@‘ 3.66
— —
AC = —1.22i — 2.44j + 1.22Kk ft ‘AC’ — V1222 + 2442 1 1.222 = 2.99 m
AC 1.22i — 2.44j + 1.22k
Fuc = 890 — = 890——— = I T~
i 2.99
The resultant R lies in the yz-plane if
2.44 1.22
e = (Fag)s + (Fag)s = F2oo —890-—= =0
Ro = (Fap)e + (Fac): =0 3.66 2.99
F=55N <
1.51
(a)
R = (F1 + F,sin35°)i 4 (F5 cos 35° + F3 cos 65°)j + (F3sin65°)k
= (1.6 + 1.2sin 35%)i 4 (1.2 cos 35° + 1.0 cos 65°)j + (1.0sin 65° )k
— 2.2881 + 1.4056j + 0.9063k kN <«
(b)
R = /2.2882 + 1.40562 + 0.00632 = 2.834 kN
\_ R _ 22881 + 1.4056j + 0.9063k
R 2.834
— 0.807i + 0.496] + 0.320k
. R = 2.83(0.807i + 0.496 + 0.320k) kN <
1.52
s oy
P = 534 < 1+3J) — 42Ti +320j N Q=578 (51 J) — 9991 — 534j N
S P+ Q = (4271 + 320§) + (222i — 534]) = 6491 — 214j N ¢
1.53
s o
P — 400 1;?“ _320i+240i N NQ=0Q2 = J

Because R = P + Q lies in z-direction, we have
12
R, =0 240—EQ:0 Q=260 N «

Rsz:320+260%:420N <

13
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1.54

P.+Q.,=R, P cos30° — @ sin 30° = 1600 cos 25°
P,+Q,=R, Psin30° — @ cos 30° = —1600 sin 25°

Solutioin is : P =3190 N « Q =2620 N «

1.55
P.+Q,=R, 3cosf =2sinb5°
—1 2 : o o
0 = cos 3 sin 55° | = 56.90° «
P,+Q,=R, 3sinf—Q = —2sinb5°
@ = 2sin 55° 4+ 3sin 56.90° = 4.15 kN <«
1.56

 1.83i +2.44j — 3.66k
- /1.832 12442 1+ (—3.66)?
~ —1.83i+ 1.83j — 3.66k
¢ /(—1.83%) + 1.832 + (—3.66)2

2,44 — 3.66k
Ap = ) — 0.5547j — 0.8321k

V/(—2.44)% + (—3.66)>

= 0.38411 + 0.5121j — 0.7682k

P

= —0.4082i 4 0.4082j — 0.8165k

Pt Qu+F,=0  0.3841P —0.4082Q + 0 = 0
Py+Q,+F,=0  0.5121P + 0.4082Q — 0.5547(534N) = 0

Solution is: P =330 N « Q=310N «

1.57
(a) A-B=12(—2) +8(3) =0 <
(b) A-B=5(7)=35N-m <
(c) A-B=3(—6)+2(2) + (—1)(—8) = —6 m? <«

1.58

i j k

(a) C=|0 12 8 |=52i+32j—48k m*> «
4 -2 3
ij k

(b)) C=]53 0 |=-361+60j—21k N-m <«
70 —12
i j k

(c) C=| 3 2 —1|=—14i+30j+ 18k m> «
-6 2 -8

14
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1.59

4 —6 2
rxF-A=[20 40 —30 |=296N-m «
0.8 0.6
0.8 0.6
Axr-F=|4 —6 2 |=206N-m <
20 40 —30
1.60
A=21+12jm B=214+12j4+15km C=-15km
i j k
AxB=|2 12 0 |=18 —3jm’«
2 12 15
i j k
CxB=|0 0 —-15|=18—3jm’«
2 12 15
1.61

A=2i4+12jm B=2i+12j+15km
A=+224122=2332m B=vV22+1224+152=2773m

A-B  2(2)+1.2(1.2)

0= = = 0.8412
VT AR T (2332)(2.773)
S.0=327 <
A Z
B
C

Because the three vectors form a right triangle, we have in this case

A 2.332
0 =cos™' = =cos ' S =32.8°
CoS 5 CoS 5773
The difference in the results is due to round-off error.
15
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1.62

B,=A, =+v4.27?+ 2.742 csc 50° = 6.62 m
A =274i44.27j + 6.62k m B =1.83i +6.62k m

A=1/2742 + 4272 +6.622 = 8.34 m

B=+1832+6.62%=687m
A B 2.74(1.83) + 6.62(6.62)

0= = 0.8524
VT AR 8.34(6.87)
=315 =
1.63
Statement (ii) is true. ¢
Proof A x B is perpendicular to A and B, that is, normal to plane S. Therefore,
C = A x (A x B) is "normal to the normal" of S. Then C lies in plane S.
(Note: C is also normal to A.)
1.64
P =76.2i + 101.6k mm Q = —50.8j + 101.6k mm
P =+76.22 +101.6%2 = 127 mm @ = v50.82 +101.6> = 113.6 mm
(a)
P-Q 76.2(—50.8) 4+ 101.6(101.6)
R %) 127(113.6)
=634 <«
(b)
i j k

PxQ=|762 0 101.6 | =8i— 12j — 6k mm
0 —50.8 1016

PxQ  8i—12j—6k

T PxqQl T VR e
— 0.512i — 0.768) — 0.384k <«

A

16
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1.65

i j k
AxB=| 4 -3 —2|=-17i—8j—22km?
-2 —4 3
A xB —17i — 8j — 22k

T JAXB] T Vi i 1222
— £ (—0.588i — 0.277] — 0.760k) <

1.66
—
CA=(0-3)i+(-2-0)j+(2—0k = —3i — 2j + 2k mm
OB = (—1—3)i+ (4—0)j+ (1 — 0)k = —4i + 4j + k mm
‘_,’4 — /(=32 + (—2)2 + 22 = 4123 mm
’_é‘ = /(—4)2 + 42 + 12 = 5.745 mm
i j k
—_— —
AxCB=| -3 —2 2 |=—-10i— 5j — 20k mm?
—4 4 1
CAxCB 10i — 5§ — 20k
XD T O T SR (04220 — 0.2115 — 0.844K) <
)CA B CB‘ 4.123(5.745)
1.67
P=3i+4dkm Q=3i+4j+5km
OA 3i 4+ 4j
1 J . .
A= = = 0.61+ 0.8
04 VEEE !
The component of P x Q in direction of A is
3 0 4
PxQ-A=| 3 4 5|=-120m <=
06 0.8 0
1.68
- A 0.61i+0.914j — 1.52k
PN A L — 0.32441 — 0.4867] + 0.8111k
A V1876
Fa =F X5 = 26.7(0.3244) + 89(—0.4867) + (—53.4)(0.8111) = —77.92 N4

17
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1.69

A-B=0
3(4)—a(l)—2(1) =0 a=10.0 <

*1.70

. B 152.4i+50.8Kk
N = o = Lt — 0.950i + 0.313k

B V152.42 + 50.82

The component of A parallel to B is : Ag = A o A\g = 3(76.2(0.950) — 102(0.313)) =
40.46 mm

. Ap = 40.46(0.950i — 0.313k) mm 4
Letting Ac be the component of A that is perpendicular to B, we have

Ac=A—-Ap
Ac = (76.21 4+ 127j — 102k) — 40.46(0.9501 — 0.313k) = 37.8i + 127j — 114.7k mm
S Ac = V/37.82 41272 — 114.72 = 175.3 mm

The Unit vector in the direction of A¢ is

- A¢  37.8i+127j — 1147k , ,
No =0 = — 0.2161 + 0.724j — 0.654k
7 Aq 175.3 10024

oo Ac = 175.3(0.216i 4 0.724j — 0.654k) mm 4

1.71 By inspection, a unit vector perpendicular to the door is
A =5in20° i+ cos20° j = 0.3420i + 0.9397j
The component of F perpendicular to the plane of the door is

F, =F A= -222(0.3420) + 53.4(0.9397) = 42.6 N «

1.72
For the three vectors to lie in the same plane, AxB « C = 0.

2 -1 2
AxBeC=| 6 3 a|=2(21-46a)+1(42-16a)+2(276 - 48)=0
16 46 7

which gives: 540-108a=0 .. a=5m ¢

18
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*1.73
We first compute a unit vector X that is perpendicular to plane ABC:

— —
AB = —50.81 4+ 127k mm AC = —50.8i + 152.5) mm
i

— — J k
ACx AB=| —50.8 1525 0 |=19,368i+ 6452j + 7747k mm?
—50.8 0 127

- = 0.887i + 0.296j -+ 0.355k
‘ /19,3682 + 64522 4 77472

— —
v ACXAB 19, 3681 + 6452j + 7747k
SA= — —

Cx AB

The normal component of F = 89i 4 133.4j + 222k N is:

F, = F e X =89(0.887) + 133.4(0.296) + 222(0.355) = 197.2 N
F, = FuX = 197.2(0.887i + 0.296j + 0.355k) = 174.9i + 58.4j + 70k N

Therefore, the component of F that lies in plane ABC is:

Fi=F—-F,=—-85.91+475j+ 152k N ¢

1.74
Since a x b is perpendicular to the area, ’k
it bas the correct direction. '
Check of magpitude: “L\
laxbl=absinB=ah=A Itchecks! el‘
o
1.75
— =
‘AB X BC‘ = area of parallelogram ABCD
= 2(area of triangle ABC) p C
— —
AB = —-5i+3j+3kmm BC=2i-2j+kmm —
i j k 8C
—_ —
BxBC=| -5 3 3 |=09i+11j+ 4k mm?
2 2 1 A As B

l— =
Therefore, area = 3 ’AB X BC‘ =
1
5\/92 + 112 + 42 = 14.76 mm? ¢

19
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1.76
laxbecl=laxblli¢licos 8l

From Prob. 1.74: &
ia x bl = area of base
(shown shaded in figure )

Note that Icllcos 8l =h
~.laxbecl =(areaof base) x h
= vol. of parallelpiped Q.E.D.
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