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Fundamentals of Engineering
Examination

Engineers are required to be licensed when their work directly affects
the public health, safety, and welfare. The intent is to ensure that
engineers have met minimum qualifications involving competence,
ability, experience, and character. The licensing process involves an
initial exam, called the Fundamentals of Engineering Examination,
professional experience, and a second exam, called the Principles and
Practice of Engineering. Those who successfully complete these
requirements are licensed as a Professional Engineer. The exams are
developed under the auspices of the National Council of Examiners
for Engineering and Surveying.

The first exam, the Fundamentals of Engineering Examination,
can be taken just before or after graduation from a four-year accred-
ited engineering program. The exam stresses subject material in a
typical undergraduate engineering program, including statics and
dynamics. The topics included in the exam cover much of the mate-
rial in this book. The following is a list of the main topic areas, with
references to the appropriate sections in this book. Also included are
problems that can be solved to review this material.

Concurrent Force Systems (2.2-2.9; 2.12-2.14)
Problems: 2.33, 2.35, 2.36, 2.37, 2.73, 2.83, 2.92, 2.93, 2.97

Vector Forces (3.4-3.11)
Problems: 3.16, 3.18, 3.25, 3.31, 3.38, 3.40

Equilibrium in Two Dimensions (2.11; 4.1-4.7)
Problems: 4.5, 4.13, 4.14, 4.17, 4.29, 4.38, 4.66, 4.75

Equilibrium in Three Dimensions (2.15; 4.8—4.9)
Problems: 4.101, 4.104, 4.103, 4.106, 4.115, 4.117, 4.127,
4.132, 4.140

Centroid of an Area (5.2-5.7)
Problems: 5.6, 5.18, 5.29, 5.35, 5.40, 5.56, 5.58, 5.99, 5.103,
5.104, 5.125

Analysis of Trusses (6.2-6.7)
Problems: 6.3, 6.4, 6.33, 6.43, 6.44, 6.56

Equilibrium of Two-Dimensional Frames (6.9-6.11)
Problems: 6.76, 6.80, 6.87, 6.91, 6.92

1289



1290

Fundamentals of Engineering Examination

Shear and Bending Moment (7.3-7.6)
Problems: 7.22, 7.25, 7.31, 7.36, 7.45, 7.49, 7.70, 7.83

Friction (8.2-8.5; 8.10)
Problems: 8.11, 8.15, 8.21, 8.30, 8.50, 8.53, 8.101,
8.104, 8.105

Moments of Inertia (9.2-9.10)
Problems: 9.5, 9.31, 9.32, 9.33, 9.77, 9.78, 9.84, 9.89,
9.101, 9.103

Kinematics (11.1-11.6; 11.9-11.14, 15.2-15.8)
Problems: 11.4, 11.5, 11.34, 11.61, 11.69, 11.97, 15.6, 15.30,
15.40, 15.57, 15.65, 15.83, 15.118, 15.141

Force, Mass, and Acceleration (12.1-12.6, 16.2-16.8)
Problems: 12.5, 12.6, 12.28, 12.30, 12.37, 12.46, 12.51,
12.56, 16.3, 16.5, 16.11, 16.25, 16.30, 16.50, 16.58, 16.63,
16.76, 16.85, 16.138

Work and Energy (13.1-13.6; 13.8; 17.1-17.7)
Problems: 13.5, 13.7, 13.15, 13.22, 13.39, 13.41, 13.50, 13.62,
13.64, 13.68, 17.1, 17.2, 17.18, 17.28

Impulse and Momentum (13.10-13.15; 17.8-17.12)
Problems: 13.121, 13.126, 13.129, 13.134, 13.146, 13.157,
13.159, 13.170, 17.53, 17.59, 17.69, 17.74, 17.96, 17.102, 17.106

Vibration (19.1-19.3; 19.5-19.7)
Problems: 19.1, 19.3, 19.11, 19.17, 19.23, 19.27, 19.50, 19.55,
19.66, 19.76, 19.83, 19.85, 19.101, 19.105, 19.115

Friction (Problems involving friction occur in each of the above
subjects)
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Absolute and relative acceleration in plane

motion, 704, 957-959, 1014
Absolute and relative velocity in plane
motion, 934-946, 948, 1013
Absolute motion, 647
Abstract science, 2
Accelerated motion, 768
Accelerations, 962-963, 1002-1005. See
also Coriolis acceleration; Forces
and accelerations
angular, 917, 920, 960, 988, 990,
1003-1004, 1012, 1052
of the coinciding point, 977
determining, 612, 634, 948, 990-991
in the Fundamentals of Engineering
Examination, 1333
of gravity, 697
instantaneous, 604-605
in plane motion, absolute and relative,
957-959, 1014
relationships among, 1061
relative, 683, 977
tangential component of, 666
Acceleration-time curve, 632
Action, lines of, 16, 21, 75, 82, 309
Addition
of couples, 111
of vectors, 18-20
Addition of forces
by summing X and Y components,
30-35
in space, concurrent, 49-57, 66
parallelogram law for, 3
Addition of vectors, 1289
Allowable error, 791
Analysis of a frame, 316-317, 347
Analysis of structures, 284-351
computer problems, 350-351
frames and machines, 316—-344, 347
introduction, 286-287
review problems, 348-349
summary, 345-347
Analysis of trusses, 287-315, 345-346
by the method of joints, 290-292,
345-346
by the method of sections,
304-305, 346
Analytic solutions, 30, 40
Angle formed by two vectors, 1293
Angles
lead, 431, 461
of friction, 415-416, 460
of repose, 415

Angular acceleration, 917, 920, 988,
990, 1052
in rotation about a fixed axis, 960,
1011-1012
Angular coordinates, 919
Angular impulses, 874
Angular momentum couple, 1104,
1155, 1157
Angular momentum of a rigid body in
three dimensions, 1147-1151, 1201
constrained to rotate about a fixed point,
1151, 1202
reduction of the momenta of the particles
of a rigid body to a momentum
vector and a couple, 1150
Angular momentum of a system of
particles, 859-860, 905
Angular momentum, 1137
components of, 1173
conservation of, 723-724, 727, 747-T48,
787, 866, 879, 1106, 1110, 1192
of a particle, 721-722, 747
rate of change of, 747
of a system of particles about its mass
center, 862—-864, 906
Angular velocity, 917, 920, 988-990, 1003,
1154-1157
constant, 1216
in rotation about a fixed axis, 1011-1012
Answers, checking carefully, 13
Apogee, 737
Applications, of the principle of virtual
work, 562-564
Applied loads, 323
Applied science, 2
Approximate solutions, 633, 1229
to the simple pendulum, 1218
Arbitrary axes, mass products of inertia,
moments of inertia of a body with
respect to, 1316-1317, 1331
Arbitrary shapes, determination of the
principal axes and principal
moments of inertia of a body of,
535-546
Archimedes, 2
Area, units of (SI units), 5-8
Areal velocity, 723-724, 7T47-748
Areas and lines, 220-257. See also
Moments of inertia of areas
center of gravity of a two-dimensional
body, 220-221, 274
centroids of, 222-223, 274
composite plates and wires, 226-236
determination of centroids by
integration, 236-238, 275

Areas and lines—Cont.
distributed loads on beams, 248, 276
first moments of, 223-2926, 274
forces on submerged surfaces, 249-257
theorems of Pappus-Guldinus,
238-247, 276
Areas, symmetric and unsymmetric, 224
Aristotle, 2
Associative addition, 20
Associative addition, of vectors, 1289
Associative property, 94
Assumptions, 363-364
Astoria Bridge, 284-285
Average impulsive force, 812
Average power, 770
Average velocity, 603-604
Axes
centroidal, 483, 490, 498, 514
of a wrench, 134, 136
of inertia, principal, 498-506, 533-534,
549, 552
projection of a vector on, 95, 148
Axes, centroidal, 1297
Axes of inertia, 1149, 1156-1157,
1173, 1201
principal, 1318-1320, 1322-1324
Axes of rotation, instantaneous, 946, 985,
998, 1015
Axial forces, 354-355, 357, 403
Axisymmetrical bodies, 1190-1191, 1205
Axle friction, 439-441, 445

Balance, 1169
Ball-and-socket joints, 995-997
Beams
cantilever, 404
forces in, 362—383
relations among load, shear, and bending
moment, 373-383, 404
shear and bending moment in a beam,
363-365, 404
shear and bending-moment diagrams,
365-373
shear and bending-moment in,
363-365, 404
simply supported, 404
various types of loading and support,
362-363
Bearings, 1174-1175
journal, 439-441, 445
thrust, 441-442, 445
Belt friction, 449-459
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Bending, 354-355
pure, 473
Bending moment, 355, 357
diagrams, 365-373, 379
in a beam, 363-365, 403—-404
Binormal, 667, 672, 685
Body centrode, 948
Body cone, 985
Body of revolution, 238-239
Bound vectors, 17
Bowling ball, 1052, 1151

C

Cables
catenary, 395-402, 405
flexibility of, 383, 404
forces in, 383-402
parabolic, 385-395, 405
with concentrated loads, 383—-384
with distributed loads, 384—385, 405
Cantilever beams, 404
Catenary, 395-402, 405
Center of gravity, 861
Center of rotation, instantaneous, 918,
946-956
Centers of gravity, 231-236

of a three-dimensional body, 75, 258-260,

275-276
of a two-dimensional body,
220-221, 274
Central force
motion under, 723-724, 727, T47-748
trajectory of a particle under, 734
Central impact, 821-827, 847-848, 1119
direct, 821-824, 847-848
oblique, 824-827
Centrifugal force, 699, 1054
Centroidal axes, 483, 498, 514, 1297
parallel, 490, 522
Centroidal frame of reference
motion relative to, 863
using, 872—873
Centroidal mass moments of
inertia, 1148
Centroidal rotation, 1030, 1054
Centroids, 220
determination of, 228, 231
by integration, 236-238, 261-273,
275, 277
of a volume, 258-260, 265, 275-276
of areas and lines, 222223,
225-226, 274
Centroids and centers of gravity,
220-283
areas and lines, 220-257
computer problems, 281-283
introduction, 220
review problems, 278-280
summary, 274-277
volumes, 258-273
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Change. See also Rate of change of a
vector

in potential energy, 782, 786
Characteristic equations, 1261
Chemical energy, 786
Circle of friction, 445
Circular frequency, 1262

forced, 1250

natural, 1215, 1222
Circular orbits, 737, 916
Circular permutations, 97
Coefficient, of critical damping, 1261
Coefficients

of restitution, 754, 848, 1125

of viscous damping, 1261, 1268
Coefficients of friction, 412—414
Coinciding point, acceleration of, 977
Collar bearings, 441
Collisions, 866, 879
Columbia River, 218-219, 284-285
Comets, 744

Commutative addition, of vectors, 1289

Commutative products, of vectors,
1291-1292
Commutative property, 78
in addition, 18

Complementary acceleration. See Coriolis

acceleration
Complementary function, 1251
Complete constraints, 306
Components. See Oblique components;

Rectangular components; Scalar
components; Vector components

Composite bodies, 261, 277,
1299-1316, 1331
common geometric shapes, 1300
computing, 1306
moments of inertia of, 516-532,
1299-1316, 1331
Composite plates and wires, 226-236
Compound pendulum, 1237
Compound trusses, 305-306
Compression, 345-346, 354-355
Computation, anticipating errors in, 13
Computer problems
analysis of structures, 350-351
distributed forces
centroids and centers of gravity,
281-283
moments of inertia, 555
equilibrium of rigid bodies, 216-217
forces in beams and cables, 408—409
friction, 467-469
method of virtual work, 598-599

rigid bodies, in equivalent systems of

forces, 154-155
statics of particles, 69-70
energy and momentum methods,
852-853, 11421143
forces and accelerations, 1079
kinematics of particles, 688-689

kinematics of rigid bodies, 1021-1023

Computer problems—Cont.
kinetics of rigid bodies in three
dimensions, 1209-1211
mechanical vibrations, 12861287
Newton’s second law, 753
systems of particles, 912-913
Computer, hard disk, 1028
Computing, composite bodies, 1306
Concentrated loads, 248, 362
cables with, 383-384
equivalent, 250
Concentric circles, 916
Concurrent forces, 126
in space, addition of, 49-57, 66
resultant of several, 20-21, 65
Conditions, necessary and sufficient, 319
Conic sections, 735736
Conservation of energy, 785-786, 790,
832, 846, 877-879, 1086-1087,
1091-1092, 1136
for a system of particles, 769, 874, 907
Conservation of momentum, 832, 878
angular, 723-724, 747-748, 787, 790,
879, 1106-1118, 1138
linear, 695, 754, 866, 879
for a system of particles, 864-872, 906
Conservative forces, 784-785, 792,
845, 1240
Constant force in rectilinear motion, work
of, 758
Constant of gravitation, 4, 748
Constrained plane motion, 1052-1073, 1075
noncentroidal rotation, 1053-1054
rotation about a fixed point, 1203
Constraints, 159
complete, 306, 310, 346
improper, 165, 190, 196, 211-212, 310
partial, 164-181, 190, 196, 211-212, 310
Conversion from one system of units to
another, 10-11
units of force, 10-11
units of length, 10
units of mass, 11
Conveyor belts, 893
Coordinates, 2
Coplanar forces, 126-127
resultant of several, 65
Coplanar vectors, 20
Coriolis acceleration, 918, 977, 998-999,
1004, 1015-1017
Coriolis, Gustave-Gaspard, 974
Cosines. See Direction cosines
Coulomb friction, 1260
Coulomb friction. See Dry friction
Counters, 314
Couple vectors, 149
Couples
addition of, 111
applied to a beam, 369
equivalent, 109-111, 116, 149
moment of, 108, 149
representing by vectors, 111-112



Couples—Cont.
angular momentum, 1104, 1155, 1157
constant, 1084
inertial, 1075
magnitude of, 1105
moment of, 1074, 1135, 1191
work of, 1093
Critical damping, 1261, 1268, 1281
coefficient of, 1261, 1268
Cross products, 78, 88, 1290
Curvilinear motion, 641
Curvilinear motion of particles,
641-681
derivatives of vector functions,
643-645, 684
motion relative to a frame in translation,
646-664, 684
position vector velocity and acceleration,
641-642, 683-684
radial and transverse components,
668-681, 685
rectangular components of velocity and
acceleration, 645—-646, 684
tangential and normal components,
665-667, 685
Customary units (U.S.), 9-10, 12
Cylindrical coordinates, 669, 673

D

d’Alembert, 2
d’Alembert, Jean le Rond, 1029
d’Alembert’s principle, 1053
extension to the motion of a rigid body
in three dimensions, 1166-1167,
1203-1204
plane motion of rigid bodies and,
1029-1030, 1075
Damped free vibrations, 1260-1262,
1268-1269, 1280-1281
critical damping, 1261
heavy damping, 1261
light damping, 1261-1262
Damped vibrations, 1260-1276
electrical analogues, 1264-1276, 1281
Damping factor, 1262, 1269
Dams, 218-219
Dashpots, 1267
Definite integrals, 607
Deflection, 793
Deformable bodies, mechanics of, 2
Deformation, 1119
period of, 826
Deformations, 77
Degrees of freedom, 581
Derivatives of vector functions,
643-645, 684
Derived units, 5
Determinate trusses. See Statically
determinate trusses
Determination of the motion of a particle,
607-616, 682

Diagrams, drawing free-body, 704, 812813,
833, 924
Diagrams, shear and bending-moment,
365-373
Diesel engines, 914
Differential, exact, 785
Direct central impact, 821-824, 847-848
perfectly elastic impact, 823, 848
perfectly plastic impact, 823, 848
Direct precession, 1188
Direction cosines, 65—66
Disk clutches, 441, 445
Disk friction, 441-449, 445
Displacement, 558
defining, 756-757, 984
finite, 578-579, 593, 758
measuring, 1232
virtual, 592
work corresponding to, 843
Distributed forces
centroids and centers of gravity,
220-283
areas and lines, 220-257
computer problems, 281-283
introduction, 220
review problems, 278-280
summary, 274-277
volumes, 258-273
moments of inertia, 470-555
computer problems, 555
introduction, 470—473
moments of inertia of areas,
473-511
moments of inertia of masses, 512-546,
550-552
review problems, 553-554
summary, 547-552
Distributed loads, 362
cables with, 384-385, 405
on beams, 248, 252, 276
Distributive products, of vectors, 1291
Distributive property, 78
Diverted flows, 893
Dot product, of two vectors, 1292
Dot product. See Scalar product
Double integration, 236
Dry friction, 1260
laws of, 412—414, 421
problems involving, 416—429,
460-461
solving problems with, 704
Dynamic equilibrium, 699-720, 746,
1031, 1075
Dynamic reactions, 1169, 1171, 1175
Dynamics, introduction to, 602-603

E

Earthquake mitigation, 12121213
Eccentric impact, 821, 1119-1134, 1138
Eccentricity, 735

Effective forces, 857, 1029, 1038, 1075

Efficiency, 764
in problem solving, 324
mechanical, 764
mechanical, of real machines,
564-577, 593
power and, 763-782, 845
Elastic force, 783, 793
Elastic forces, 594
Elastic impacts, 823-824, 834, 848
Electrical analogues to damped vibrations,
1264-1276, 1281
characteristics of a mechanical system
and of its electrical analogue, 1265
Electrical energy, 786
Electrical oscillations, 1265
Elevations, 389-390
Ellipsoid of inertia, 533-534, 552, 1318
Elliptic integrals, 1219
tables of, 1219
Elliptic trajectories, 736-737, 740-741
Empiricism, 2
End bearings, 441
Energy and momentum methods, 754-853,
1080-1143
applications of the principle of work and
energy, 762-763, 845
computer problems, 852-853,
1142-1143
conservation of angular momentum,
11061118, 1138
conservation of energy, 785-786, 846,
877-879, 10861087, 1136, 1192
conservative forces, 784-785, 845
direct central impact, 821-824,
847-848
eccentric impact, 1119-1134, 1138
impact, 821
impulsive motion, 809-820, 847,
1119, 1138
introduction, 756, 1082
kinetic energy in rotation, 1136
kinetic energy of a particle, principle
of work and energy, 760-761,
844-845
kinetic energy of a rigid body in plane
motion, 1084-1085, 1088, 1135
motion under a conservative central
force, application to space
mechanics, 787-806, 846
motion under a gravitational force, 846
oblique central impact, 824827
potential energy, 782-784, 845
power, 1087-1102, 1136
power and efficiency, 763-782, 845
principle of impulse and momentum,
806-808, 846-847
principle of impulse and momentum for
the plane motion of a rigid body,
1103-1105, 1136-1138
principle of work and energy for a rigid
body, 1082-1083, 1135
problems involving, 827-842
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Energy and momentum methods—Cont.
problems involving energy and
momentum, 827-842
review problems, 849-851, 1139-1141
summary, 843-848, 1135-1138
systems of rigid bodies, 1085-1086,
1106, 1136
using the three fundamental methods of
kinetic analysis, 848
work of a couple, 1135
work of a force, 756760, 843
work of forces acting on a rigid body,
1083-1084, 1135
Energy, potential, 558, 580, 594
Energy. See also Chemical energy;
Electrical energy; Kinetic energy;
Mechanical energy; Potential
energy; Thermal energy; Total
energy; Work-energy principle
in the Fundamentals of Engineering
Examination, 1333
summing kinetic and potential, 792
Engines
diesel, 914
jet, 887, 893, 908
Equations
characteristic, 1261
for free-body diagrams, 1031, 1038,
1075, 1190, 1204
homogeneity of, 1251
of a quadric surface, 1317
Equations defining the rotation of a
rigid body about a fixed axis, 917,
922-932
uniform rotation, 922
uniformly accelerated rotation, 922
Equations of motion, 697-698, 746,
1033-1037, 1057, 1170, 1172,
1230, 1233
free-body diagrams for, 1031, 1075, 1204
radial and transverse components,
722-723, 747
rectangular components, 698
for a rigid body, 1201
tangential and normal components, 698
Equilibrium, 16
computer problems, 216-217
equations of, 37, 210, 309, 368,
416-417
free-body diagrams, 159, 210
introduction, 158
of a three-force body, 182-188, 211
of a two-force body, 181-182, 211
of rigid bodies, 156217
review problems, 213-215
stability of, 582-591, 594
summary, 210-212
Equilibrium, dynamic, 699-720, 746,
1031, 1075
Equilibrium in three dimensions, 189-209,
211-212
of a rigid body in three dimensions, 189
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Equilibrium in three dimensions—Cont.
reactions at supports and connections
for a three-dimensional structure,
189-209
Equilibrium in two dimensions, 160-188,
210-211
improper constraints, 211
of arigid body in two dimensions, 162-163
of a three-force body, 182-188, 211
of a two-force body, 181-182, 211
reactions at supports and connections for a
two-dimensional structure, 160-161
statically indeterminate reactions,
partial constraints, 164-181, 211
Equilibrium of a particle, 35-36
in space, 57-63, 66
problems involving, 36-45
Equipollent systems of forces, 858, 862,
886, 1029, 1074, 1167
Equipollent systems of vectors, 125
Equivalent couples, 109-111, 116, 149
Equivalent forces, principle of
transmissibility in, 75-77, 146
Equivalent systems of forces, 125, 146, 150
Error, allowable, 791
Errors in computation, anticipating, 13
Escape velocity, 693, 737-738, 749
Euler, Leonhard, 1166
Euler’s equations of motion, extension
of d’Alembert’s principle to the
motion of a rigid body in three
dimensions, 1166-1167, 1203-1204
Exact differential, 785
Exact solution, to the simple pendulum,
1219-1228
Examination preparation. See Fundamentals
of Engineering Examination
Experimental methods, 1266
Explosions, 866
External forces, 74-75, 146, 364, 857-863,
866, 905, 1024, 1029-1030,
1085, 1135
work done by, 1083

F

Fans. See also Propellers; Wind turbines
steady stream of particles from, 888, 893
Figure skater, 1106
Final momentum, 807
Finite displacement, work of a force
during, 578-579, 593
Finite displacements, 758
Fink trusses, 305
Firing angle, 652
First moments, 220, 274, 473, 476
of areas and lines, 223-226, 228, 231, 274
Fixed axis rotation, 914
Fixed frame, 1174
rate of change of a vector with respect
to, 644-645, 978, 990
Fixed vectors, 17

Flexibility, of cables, 383, 404
Fluid flowing through a pipe, steady
stream of particles from, 887
Fluid friction, 412, 1260
Fluid stream diverted by a vane, steady
stream of particles from, 887
Fluids
compressibility of, 2
mechanics of, 2
Force, 2-3, 5
defined by its magnitude and two points
on its line of action, 48—49
elastic, 594
of gravity, 6, 580, 594
on a particle, resultant of two forces,
16-17, 64
units of, 10-11
Force—couple systems, 74, 113,
130-131, 357
Force. See also Central force; Systems of
forces
acting on a rigid body, 1083-1084, 1135
centrifugal, 699, 1054
effective, 857, 1029, 1038, 1075
elastic, 783, 793, 1243
exerted by a spring, 759, 844, 1094,
1125, 1220
exerted on a stream, 891
external, 857-863, 866, 905, 1024,
1085, 1135
of friction, 763, 1059
in the Fundamentals of Engineering
Examination, 1333
of gravity, 695-696, 758-759
impressed, 1255
impulsive, 809, 812, 1125
internal, 857, 874, 1085
nonimpulsive, 809, 812, 1125
work of, 1093
Force triangle, 37, 183
Forced frequency, 1252, 1280
circular, 1250
Forced vibrations, 1250-1260,
1279-1280
damped, 1212, 1263-1264, 1269, 1281
Forces
axial, 354-355, 357
concurrent, 20-21, 65, 182, 211
constraining, 159
coplanar, 65
external and internal, 74-75
hydrostatic, 491
in a spring, 579-580, 594
on submerged surfaces, 249-257
parallel, 182, 211
shearing, 354-355, 363-373, 404
Forces and accelerations, 1024—-1079
angular momentum of a rigid body in
plane motion, 1028, 1074-1075
computer problems, 1079
constrained plane motion,
1052-1073, 1075



Forces and accelerations—Cont.
d’Alembert’s principle, 1029-1030, 1075
doing no work, 760
equations of motion for a rigid body,
1027, 1074

free-body diagram equation, 1075, 1204

introduction, 1026

plane motion of a rigid body,
1029-1030, 1075

remark on the axioms of the mechanics
of rigid bodies, 1030-1031

review problems, 1076-1078

solution of problems involving the
motion of a rigid body, 1031-1032

summary, 1074-1075

systems of rigid bodies, 1032-1051, 1075

Forces in a plane, 16-45, 64-65

addition of forces by summing X and Y
components, 30-35

addition of vectors, 18—20

equilibrium of a particle, 35-36

force on a particle, resultant of two
forces, 16—17, 64

Newton’s first law of motion, 36

problems involving the equilibrium of a
particle, free-body diagrams, 36-45

rectangular components of a force, unit
vectors, 27-29, 64

resolution of a force into components,
21-27, 64

resultant of several concurrent forces,
20-21, 65

resultant of several coplanar forces, 65

vectors, 17-18
Forces in beams and cables, 352—409
beams, 362—-383
cables, 383-402
computer problems, 408-409
internal forces in members, 354—361
introduction, 354
review problems, 406—407
summary, 403-405
Forces in space, 45-63, 65-66
addition of concurrent forces in space,
49-57, 66

direction cosines, 65—66

equilibrium of a particle in space,
57-63, 66

force defined by its magnitude and two
points on its line of action, 48—49

free-body diagrams, 66

rectangular components of a force in
space, 4548

Forces of gravitation, 580

Frames and machines, 287, 316—344, 347
analysis of a frame, 316-317, 347
frames which cease to be rigid when

detached from their supports,
317-331
machines, 331-344, 347
structures containing multiforce
members, 316

Frames of reference, 1001-1005
centroidal, 872—-873
in general motion, 999-1010, 1017
newtonian, 694, 1027
selecting, 1005
in translation, 646—664, 684
Free-body diagrams, 12, 37-40, 57-59, 66,
158, 159, 166-170, 183, 192—-196,
210, 230, 297, 309, 335, 357, 368,
379, 389, 419-420, 422, 445
drawing, 704, 812-813, 833, 1061, 1110,
1125, 1174, 1221, 1232
equation for, 1031, 1038, 1075,
1190, 1204
Free vectors, 18, 108, 116
Free vibrations, 1212, 1221
damped, 1260-1262, 1268-1269,
1280-1281
of particles, simple harmonic motion,
12141218, 1277-1278
of rigid bodies, 1228-1240, 1279
transient, 1280
Freedom, degrees of, 581, 583
Frequency, natural circular, 1215,
1222, 1252
Frequency ratio, 1252
Friction, 410-469
angles of, 415-416, 460
axle, 439—-441, 445
belt, 449-459
circle of, 445
coefficients of, 412—-414, 422, 452454
computer problems, 467-469
disk, 441-442, 445
dry friction
problems involving, 416-429, 461
the laws of, 412—414
fluid, 412
introduction, 412
journal bearings, 439-441
maximum and minimum values of, 418
review problems, 463-466
square-threaded screws, 430-439
static and kinetic, 460
summary, 460-462
thrust bearings, 441-442
wedges, 429-430
wheel friction, rolling resistance,
442449
Friction forces, 763, 1059
kinetic, 1062
work done by, 1082
Frictionless particles, assumption of, 824
Frictionless pins, 560
Full vector approach, 964
Fundamental concepts and principles,
2-5,13
Newton’s law of gravitation, 4
Newton’s three fundamental laws, 3—4
parallelogram law for the addition of
forces, 3
principle of transmissibility, 3

Fundamentals of Engineering
Examination, 1333
force, mass, and acceleration, 1333
impulse and momentum, 1333
kinematics, 1333
vibration, 1333
work and energy, 1333

G

Galileo, 602
General motion, 917, 987-998
of a rigid body, 991
in space, 1016
General plane motion, 914, 917, 932-933,
1013, 1030, 1061
Geneva mechanism, 971
Geometric center, 1062
Golf ball
deformation upon impact, 754-755
momentum of hitting, 874
Grand Coulee Dam, 218-219
Grand Viaduc de Millau, 352-353
Graphical solution, of rectilinear motion
problems, 630-631, 683
Graphical solutions, 23, 30, 36
Gravitation
constant of, 4
force of, 6, 580, 594
law of, 4
Gravitational force. See also
Newton’s laws
constant of, 748
work of, 759-760, 843—-844
Gravitational system of units, 696
Gravitational units, 9
Gravity, center of, 861
Gravity, force of, 6
Gymnist, 1080-1081
Gyration, radius of, 1296, 1330
Gyration, radius of, 476-482, 513, 550
Gyroscope, steady precession of,
1187, 1205

H

Hamilton, 2

Hard disk, computer, 1028

Harmonic motion, 1215, 1222, 1278

Heavy damping, 1261, 1268, 1281

Helicopter, steady stream of particles
from, 888

Hodographs, of motion, 642

Homogeneity, of equations, 1251

Horizontal differential element, 240

Horizontal motion, 854

Hubble telescope, 735

Hydraulics, 2

Hydrostatic forces, 491

Hyperbolic trajectories, 736737,
740-741
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Impact, 809, 8§21, 832, 1125
central, 821-827, 833, 847-848, 1119
eccentric, 1119-1134, 1138
elastic, 823, 848
line of, 821, 833
plastic, 823, 848
Impedance, 1266
Impending motion, 414, 417, 422, 461
Impressed force, 1255
Improper constraints, 211
Impulse-momentum principle, 809, 877
Impulses, 806-807, 812, 1191
angular, 874
unknown, 1157
Impulsive forces, 809, 812, 847, 1125
average, 812
Impulsive motion, 809-820, 847, 1119, 1138
in the Fundamentals of Engineering
Examination, 1333
In phase, 1252
Indeterminate trusses. See Statically
indeterminate trusses
Inertia, 1295
axis of, 1149, 11561157, 1173, 1201
ellipsoid of, 1318
products of, 1173, 1175, 1331
Inertia. See also Moments of inertia;
Products of inertia
ellipsoid of, 533-534, 552
mass products of, 539-540
Inertia couple, 1075
Inertia vector, 699, 1075
Infinitesimal rotations, 986
Initial conditions, 607, 622
Input forces, 331, 347, 564
Instantaneous acceleration, 604—605
Instantaneous axis of rotation, 946,
985, 998
Instantaneous center of rotation, 918, 1105
in plane motion, 946-956, 1013
Instantaneous velocity, 604
Integration
double, 236, 261
triple, 261
Internal forces, 7475, 77, 146, 286, 345,
356-357, 857, 874, 1085
in members, 354—361
in multiforce members, 323-324, 347,
354, 403
in straight two-force members, 403
Internal friction, 1260
International System of Units (SI units),5-8
units of area and volume, 5-8
used in mechanics, 8
Invariable plane, 1200

J

Jet engines, 887, 893, 908
steady stream of particles from, 887, 893
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Joints. See also Method of joints
under special loading conditions, 292-294

K

Kepler, Johann, 738
Kepler’s laws of planetary motion,
738-745, 749
Kinematics, 1030, 1061
analysis by, 1062
defining, 602
in the Fundamentals of Engineering
Examination, 1333
of motion, 1033-1034, 1037,
1060-1061, 1230
Kinematics of particles, 600-689
computer problems, 688-689
curvilinear motion of particles, 641-681
introduction to dynamics, 602—-603
rectilinear motion of particles, 603-640
review problems, 686687
summary, 682-685
Kinematics of rigid bodies, 914-1023
absolute and relative acceleration in
plane motion, 957-959, 1014
absolute and relative velocity in plane
motion, 934-946, 1013
analysis of plane motion in terms of a
parameter, 959-971, 1014
computer problems, 1021-1023
equations defining the rotation of a rigid
body about a fixed axis, 917, 922-932
frame of reference in general motion,
999-1010, 1017
general motion, 917, 987-998
general motion in space, 1016
general plane motion, 917, 932-933
instantaneous center of rotation in plane
motion, 946-956, 1013
introduction, 916918
motion about a fixed point, 984-986, 1015
plane motion of a particle relative
to a rotating frame, Coriolis
acceleration, 973-984, 1015
rate of change of a vector with respect to
a rotating frame, 971-973, 1014
review problems, 1018-1020
rotation about a fixed axis, 916-917,
919-921, 1011
summary, 1011-1017
three-dimensional motion of a particle
relative to a rotating frame, Coriolis
acceleration, 998-999, 1016-1017
translation, 916, 918-919, 1011
Kinetic analysis, 1062
three fundamental methods of, 848
Kinetic energy, 1088-1092, 1155, 1157,
1164, 1242-1244
constant, 846
of a particle, 760-761, 770, 788-789,
792, 844-845
in rotation, 1136

Kinetic energy of a rigid body
in plane motion, 10841085, 1135
in three dimensions, 11521164, 1202
Kinetic energy of a system of particles,
872-873, 906-907
using a centroidal frame of reference,
872873
Kinetic friction, 1062
Kinetic units, 5
Kinetic-friction force, 412, 445, 460
angle of, 415, 460
coefficient of, 413, 421, 454, 460
Kinetics
analysis by, 848, 1062
defining, 602
Kinetics of particles, 690-853
energy and momentum methods,
754-853
Newton’s second law, 690-753
Kinetics of rigid bodies in three
dimensions, 1144-1211
angular momentum of a rigid
body in three dimensions,
1147-1151, 1201
application of the principle of impulse
and momentum to the three-
dimensional motion of a rigid body,
1151-1152, 1202
computer problems, 1209-1211
Euler’s equations of motion, extension
of d’Alembert’s principle to the
motion of a rigid body in three
dimensions, 1166-1167,
1203-1204
free-body diagram equation,
1075, 1204
fundamental equations of motion for a
rigid body, 1201
introduction, 1146-1147
kinetic energy of a rigid body in three
dimensions, 1152-1164, 1202
motion of a gyroscope, Eulerian angles,
1184-1185, 1205
motion of a rigid body about a fixed
point, 1167-1168, 1204
motion of a rigid body in three
dimensions, 1165-1166,
1202-1203
motion of an axisymmetrical body under
no force, 1187-1200
review problems, 1206-1208
rotation of a rigid body about a fixed
axis, 1168-1183
steady precession of a gyroscope,
1186-1187, 1205
summary, 1201-1205

L

Lagrange, 2
Law of gravitation. See Newton’s laws
Lead angle, 431, 434, 461



Length, 5
units of, 10
Light damping, 1261-1262, 1268, 1281
Line of impact, 821, 833
motion against, 830
Linear impulse, 806-807
of a force, 846
Linear momentum, 1137
conservation of, 695, 754, 866, 879
of a particle, 694-695, 746, 846
of a system of particles,
859-860, 905
Linear momentum vector, 1104,
1155, 1157
Lines. See Areas and lines
Linkages, 1075
Loading conditions, 196, 362—363.
See also Applied Loads;
Concentrated loads;
Distributed loads
joints under special, 292-294, 346
Locomotive, 410-411
Lubricated mechanisms, 412

M

Machines, 331-344, 347
mechanical efficiency of real,
564-577, 593
Magnification factor, 1252, 1269, 1280
Mass, 2-3, 5, 1217
in the Fundamentals of Engineering
Examination, 1333
systems gaining or losing,
888-904, 908
units of, 11
Mass center
of a system of particles, motion of,
860-862, 905-906, 1024,
1030, 1052
velocity of, 1154
Mass moments of inertia,
1295-1296, 1305
centroidal, 1148
of common geometric shapes, 1300
Mass products of inertia, 1316-1317
Masses
moments of inertia of, 472, 512—546,
550-552
products of inertia of, 539-540
Mathematical expressions, 1289
Maximum displacement of systems,
in applying the principle of
conservation of energy, 1241
Mechanical efficiency, 764
Mechanical efficiency, of real machines,
564-577, 593
Mechanical energy, 786
total, 786
Mechanical systems
space applications, 735-738, 749
and their electrical analogue, 1265

Mechanical vibrations, 1212—-1287
computer problems, 1286-1287
damped vibrations, 1260-1276
introduction, 1214
review problems, 1282-1285
summary, 1277-1281

vibrations without damping, 1214-1260

Mechanics

conversion from one system of units to

another, 10-11
defining, 2
fundamental concepts and
principles, 2-5
method of problem solution, 11-13
newtonian, 2
numerical accuracy, 13
of deformable bodies, 2
of fluids, 2
of rigid bodies, 2
relativistic, 3
systems of units, 5-10
Mechanisms, lubricated, 412
Method of joints, analysis of trusses by,
290-292, 345-346

Method of sections, analysis of trusses by,

304-305, 346
Method of virtual work, 556-599

applications of the principle of virtual
work, 562-564

computer problems, 598-599

during a finite displacement,
578-579, 593

equilibrium and potential energy, 581

introduction, 557

potential energy, 580-581, 594

principle of virtual work, 561-562, 592

real machines, mechanical efficiency,
564-577, 593

review problems, 595-597

stability of equilibrium, 582-591, 594

summary, 592-594

virtual displacement, 592

work of a force, 557-561,
578-579, 593

work of a weight, 593

Method of work and energy. See Principle

of work and energy

Mixed triple product of three
vectors, 1293

expressed in terms of rectangular

components, 1293

Mixed triple product, of three vectors,
96-97, 148

Mohr, Otto, 506

Mohr’s circle, for moments and products of

inertia, 506-511, 549-550
Moment of a couple, 108, 149
Moment of a force
about a given axis, 97-107, 148,
1293-1294
about a point, 81-82, 147, 1291-1292
Moment resultants, 124

Moment-area method, 631
Moments

of couples, 1074, 1135, 1191
of vectors, 1104

Moments of inertia, 470—555, 1189

computer problems, 555

introduction, 470—473

Mohr’s circle for, 506-511, 549-550

of a body with respect to an arbitrary
axis, mass products of inertia,
532-533, 551-552, 1316-1317,
1331

of a three-dimensional body,
determination of by
integration, 516

of composite areas, 484-497, 548

of composite bodies, 1299-1316, 1331

of thin plates, 1298-1299, 1305-1306,
1331

polar, 472, 475-477, 479, 491

principal, 498-506, 549

principal, 1318-1320, 13221324

review problems, 553-554

summary, 547-552

Moments of inertia of areas, 473—-511

determination of the moment of
inertia of an area by integration,
474-475

Mohr’s circle for moments and products
of inertia, 506-511, 549-550

moments of inertia of composite areas,
484-497, 548

parallel-axis theorem, 483-484, 548

polar moment of inertia, 475-476

principal axes and principal moments of
inertia, 498-506, 549

products of inertia, 497-498, 548-549

radius of gyration of an area, 476482

second moment, or moment of inertia,
of an area, 473-474

Moments of inertia of masses, 512546,

550-552, 1295-1332, 1330
avoiding unit-related errors, 1305
determination of the moment of inertia

of a three-dimensional body by

integration, 1299, 1306
determination of the principal axes and

principal moments of inertia of a

body of arbitrary shape,

1319-1329
ellipsoid of inertia, principal axes of

inertia, 1317-1318, 1332
parallel-axis theorem, 1297, 1305,

1330-1331
principal axes of inertia, 1332
principal moments of inertia, 1332
summary, 1330-1332
ellipsoid of inertia, 533-534, 552
of a body of arbitrary shape, 535-546
of a body with respect to an arbitrary

axis, mass products of inertia,

532-533, 551-552
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Moments of inertia of masses—Cont.
of a three-dimensional body by
integration, 516
of composite bodies, 516-532
of thin plates, 515-516, 551
parallel axis theorem, 514, 551
principal axes of inertia,
533-534, 552
Momentum. See also Angular momentum;
Energy and momentum methods;
Impulse-momentum principle;
Linear momentum
conservation of, 832, 847, 878
final, 807
forces equipollent to, 886
in the Fundamentals of Engineering
Examination, 1333
total, 808, 833-834
Motion curves, 606, 633
Motion of a particle
determination of, 607—-616, 682
in space, 667, 685
Motion of a rigid body
about a fixed point, 1167-1168, 1204
in three dimensions, 1165-1166,
1202-1203
Motion of several particles, 618619
dependent motions, 619
relative motion of two particles, 618
Motion
about a fixed point, 917, 984-986, 1015
absolute, 647
accelerated, 768
along the line of impact, 830
of an axisymmetrical body under no
force, 1187-1200
under a central force, 723-724,
T47-748
under a conservative central force,
application to space mechanics,
787-806, 846
curvilinear, 641, 683
equations of, 697-698, 746, 1033-1037,
1056, 1170, 1172, 1230, 1233
under a gravitational force, 846
of a gyroscope, Eulerian angles,
1184-1185, 1205
harmonic, 1215, 1278
hodographs of, 642
kinematics of, 1033-1034,
1037, 1230
of the mass center of a system of
particles, 860-862, 905-906
of a projectile, 646, 651-652
relative, 1165
relative to a centroidal frame of
reference, 863
relative to a frame in translation,
646-664, 684
rOHing, 1053-1055, 1058-1059,
1061-1062, 1075, 1084
of several particles, 618-629, 683

1300

Motion—Cont.
sliding, 1058-1059, 1084
steady-state, 1254, 1269
uniform, 608, 768
first law of, 36
impending, 414, 417, 422, 461
Multiforce members
internal forces in, 354, 403
structures containing, 316, 323-324,
335, 347

N

National Institute of Standards and
Technology, 9
Natural frequency, 1217-1218,
1252, 1280
circular, 1215, 1222, 1253-1254
Necessary conditions, 319 , 785
Negative force, 763, 786
Negative vectors, 18, 1289
Negative work, 782
Newton, Sir Isaac, 2, 693, 738
Newton’s laws
application to the motion of a system
of particles, effective forces,
856-859, 905
of gravitation, 724-733, 748
second law of motion, 693—-694,
746, 767
Newton’s three fundamental laws, 3—4,
12, 75-76
first law of motion, 36
law of gravitation, 4
third law, 290, 316
Newtonian frame of reference, 694, 746
Newtonian mechanics, 2
Noncentroidal rotation, 10531054,
1075, 1085
Nonimpulsive force, 809, 812, 1125
Nonlubricated surfaces, 412, 460
Normal components. See Tangential and
normal components
Numerical methods approach, 399
Nutation, 1184, 1190, 1205
rate of, 1191

(0

Oblique components, 27
Oblique impact, 821
central, 824-827, 833
Oblique launching, 846
Ocean liner, 72-73
Orbital motion, 748-749
Origin, 2
Oscillations, 1218-1219
center of, 1229
electrical, 1265
Osculating planes, 667, 685
Out of phase, 1252

Output forces, 331, 347, 564
Overall efficiency, 764
Overhanging beams, 404

P

Pappus, 238
Parabolic cables, 385-395, 405
Parabolic trajectories, 736737,
740-741
Parallel centroidal axis, 1305
Parallel circles, 916
Parallel forces, 127-128, 182
Parallel-axis theorem, 483—484, 490, 514,
522,548, 551, 1301-1302, 1305
Parallelogram law, 986, 1289
Parallelogram law, for the addition of
forces, 3, 17, 24-27, 64
Partial constraints, 164181, 211
Particles, 3
equilibrium of, 14-15
in three-dimensional space, 59
statics of, 14-70
Particles. See Systems of particles
Passing a section, 304
Pendulum, compound, 1237
Perfectly elastic impact, 823-824, 848
Perfectly plastic impact, 823, 848
Perigee, 737
Period
of a damped vibration, 1262
of deformation, 826
of vibrations, 1278
Periodic functions, 1215-1216
Periodic time, 737-739, 749
Perpendicular distance, 27, 88, 100,
102, 522
Phase, 1252
Phase angle, 1216
Phase difference, 1264, 1281
Pictorial representations, 1031-1032
Pitch, 128-129, 434
of a wrench, 134, 136
Plane motion
absolute and relative acceleration in,
957-959, 1014
absolute and relative velocity in,
934-946, 1013
analyzed in terms of a parameter,
959-971, 1014
diagramming, 938
Plane motion of a particle, 665-667, 917
relative to a rotating frame,
973-984, 1015
Plane motion of rigid bodies, 1039, 1074
and d’Alembert’s principle,
1029-1030, 1075
energy and momentum methods,
1080-1143
forces and accelerations, 1024—-1079
in systems of rigid bodies, 1039



Planes
forces in, 16—45, 64-65
of symmetry, 259, 261, 276-277
Planes, of symmetry, 1331
Planetary gears, 994
Plastic impact, 823, 848
Plates
composite, 226-236
homogeneous, 274
multiple, 265
thin, moments of inertia of, 515-516, 551
Polar moment of inertia, 472, 475—-477,
479, 491
Polygon rule, for the addition of
vectors, 20
Position coordinates, 682—683
Position-time curve, 632
Position, determining, 612
Position vector velocity, and acceleration,
603-606, 641-642, 682684
Position vectors, 81, 84, 147, 641,
990, 1291
Potential energy, 580, 594
and equilibrium, 581
Potential energy, 782-784, 788, 792, 845,
1086, 1242-1244
change in, 782, 786
computing, 793
constant, 846
Potential functions, 784
Power, 1087-1102, 1136
average, 770
defining, 1094
and efficiency, 763-782, 845
Precession of a gyroscope
axis of, 1189
Steady, 1147, 11841188, 1190-1191, 1205
Pressure, center of, 249
Principal axes of inertia, 498-506,
533-534, 549, 552, 1318,
1322-1324
Principal moments of inertia, 498-506,
549, 1318-1320, 1322-1324
Principal normal, 667
Principle of conservation of angular
momentum, 1106
Principle of conservation of energy, 1094,
1124, 1242-1244
application of, 1240-1250, 1279
maximum displacement of the
system, 1241
system passing through its equilibrium
position, 1241
Principle of impulse and momentum,
806-808, 812, 830831, 846847,
1122-1125, 1154, 1189
application to the three-dimensional
motion of a rigid body,
1151-1152, 1202
for the plane motion of a rigid body,
1103-1105, 11361138
for a system of particles, 874-884, 907

Principle of transmissibility, 3, 74-77,
146, 1030
equivalent forces, 75-77, 146
Principle of virtual work, 561-562, 592
Principle of work and energy, 1088-1090
applications of, 762-763, 845
for a rigid body, 10821083, 1135
Problems
efficiency in solving, 324
method of solution, 11-13
statement of, 12
Product of a scalar and a vector, 1290
Products of inertia, 497-498,
548-549, 552
mass, 539-540
Mohr’s circle for, 506-511, 549-550
Projection of a vector on a given
axis, 1293
Projection, of a vector on an axis,
95, 148
Propellers, 893
Prototype engine (XR-5M15), 854
Pure bending, 473
Pure science, 2

Q

Quadric surface, equation of, 1317
Quadric surfaces, 533
Queen Elizabeth 2 (ocean liner), 72-73

R

Radial and transverse components,
668-681, 685
in the curvilinear motion of particles,
668-681, 685
equations of motion in terms of,
722-723, 747
extension to the motion of a
particle in space, cylindrical
coordinates, 669
Radius of gyration
of a mass, 513, 550
of an area, 476-482
Railroad locomotive, 410-411
Rate of change
of angular momentum, 747, 1174, 1176
of linear momentum, 694—695, 746
Rate of change of a vector
with respect to a fixed frame, 644-645,
978, 990
with respect to a rotating frame,
971-973, 978, 1014
Reactions at supports and connections
equivalent to a force and a couple, 160
equivalent to a force of unknown
direction and magnitude, 160
equivalent to a force with known line of
action, 160

Reactions—Cont.
for a three-dimensional structure,
189-209
for a two-dimensional structure,
160-161
Rectangular components, 27, 32, 53,
146-147
equations of motion in terms of,
698, 746
resolution of a vector into, 1290
of a force, unit vectors, 27-29, 64
of a force in space, 45-48
of the moment of a force, 83-93, 147
of vector product, 1291
of velocity and acceleration,
645-646, 684
Rectilinear motion of particles,
603-640
determination of the motion of a
particle, 607-616, 682
graphical solution of rectilinear motion
problems, 630-631, 683
motion of several particles, 618—629, 683
other graphical methods, 631-642
position, velocity, and acceleration,
603-606, 682
uniform rectilinear motion, 616, 683
uniformly accelerated rectilinear
motion, 617-618, 683
Reduction of a system of forces, 126-128,
135-136, 150
to a force-couple system, 149-150
to a wrench, 128-145
Reduction of the momenta of the particles
of a rigid body, to a momentum
vector and a couple, 1150
Reference point, selecting, 1005
Relative acceleration, 683, 977
formula for, 963
Relative motion, 417, 1165
solving problems with, 705
Relative velocity, 683-684, 826-827, 831,
833, 848, 889, 1123
formula for, 938
Relativistic mechanics, 3
Repose, angle of, 415
Resistance, rolling, 441-449
Resolution
of a force into components, 21-27, 64
of a given force into a force and a
couple, 112-123
of a system of forces to one force and
one couple, 123-124, 149-150
Resonance, 1252-1253
Restitution, 821-822, 1119
coefficient of, 754, 822—-823, 1132
period of, 821, 826, 1119-1121
Resultant couples, 126
Resultants, 16-17, 32, 35, 51, 74, 130,
134-135
moment, 124, 135
of several coplanar forces, 65
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Retrograde precession, 1188
Revolution
body of, 238-239
surface of, 238-239
Right-hand rule, 77, 1291-1292
Right-handed triads, 77, 1291
Rigid bodies in equivalent systems of
forces, 72-155
addition of couples, 111
computer problems, 154-155
equipollent systems of vectors, 125
equivalent couples, 109-111, 149
external and internal forces, 74-75
further reduction of a system of forces,
126-128, 150
introduction, 74
mechanics of, 2-3
mixed triple product of three vectors,
96-97, 148
moment of a couple, 108, 149
moment of a force about a given axis,
97-107, 148
moment of a force about a point,
81-82, 147
principle of transmissibility, equivalent
forces, 7577, 146
projection of a vector on an axis, 148
rectangular components of the moment
of a force, 83-93, 147
reduction of a system of forces to a
force-couple system, 149-150
reduction of a system of forces to a
wrench, 128-145
representing couples by vectors,
111-112
resolution of a given force into a force
and a couple, 112-123
resolution of a system of forces to one
force and one couple, 123124,
149-150
review problems, 151-153
scalar product of two vectors,
94-96, 147-148
summary, 146-150
Varignon’s theorem, 83
vector product of two vectors,
77-79, 146
vector products expressed in terms of
rectangular components,
79-80, 146-147
Rigid bodies. See Systems of rigid bodies
Rigid trusses, 289, 306, 319
River Tarn, 352-353
Robotic arm, 1144-1145
Rocketry, 864
Rolling motion, 1053-1055, 1058-1059,
1061-1062, 1075, 1084
Rolling resistance, 441-449
coefficient of, 441, 445
Rotating frame, 1174
rate of change of a vector with respect
to, 971-973, 978, 1014
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Rotation, 75
Rotation about a fixed axis, 916-917,
919-921, 1011
angular velocity and angular
acceleration, 1012
defining, 916
diagramming, 938, 963
equations for, 925
of a representative slab, 921, 1012
of a rigid body, 925, 11681183
tangential and normal components, 1012
Rotations, 854, 932-933, 991, 1086.
See also Center of rotation
centroidal, 1030, 1054
infinitesimal, 986
noncentroidal, 1053-1054,
1075, 1085
uniform, 1054

S

Sag, 397, 399
Sailboat, 156-157
Satellites
analyzing motion of, 740-741
in circular orbit, 728
in elliptic orbit, 728
Scalar components, 28, 30, 45, 64
Scalar function, gradient of, 785
Scalar product of two vectors,
1292-1293
angle formed by two vectors, 1293
expressed in terms of rectangular
components, 1293
projection of a vector on a given
axis, 1293
scalar products of unit vectors, 1292
Scalar product, of two vectors, 94-96,

101, 147-148
Scalar quantities, 558, 757, 879
Science, 2

Screws
self-locking, 431
square-threaded, 430-439
Second moment of inertia, of an area,
472474, 476
Shearing force, 354-355
diagrams, 365-373, 379-380
in a beam, 363-365, 403—-404
SI units. See International System
of Units
Simple harmonic motion, 1222, 1278
Simple pendulum, 1218-1228, 1279
approximate solution, 1218
exact solution, 1219-1228
Simple trusses, 289, 345
trusses made of several,
305-315, 346
Sliding motion, 1058-1059, 1084
Sliding vectors, 18, 76
Slippage, 451, 453-454

Slugs, 746
Smooth particles, assumption of, 824
Solutions, outlining beforehand, 297
Space, 2
Space centrode, 948
Space cone, 985
Space diagrams, 36
Space trusses, 294-304, 346
Space, application to mechanics, 728,
735-738, 749
Spacecraft
analyzing motion of, 740-741
shuttle, 1144-1145
Span, 362, 397
Spring constant, 579 , 759
Springs
forces in, 579-580, 594
work done by, 579
Square-threaded screws, 430-439, 461
Stability of equilibrium, 582-591, 594
Static reactions, 1169
Static-friction force, 412, 445, 460
angle of, 415, 460
coefficient of, 413, 421, 454, 460
Statics of particles, 14-70
computer problems, 69-70
forces in a plane, 16-45, 64-65
forces in space, 45-63, 65-66
introduction, 16
review problems, 67-68
summary, 64-66
Statically determinate trusses, 306, 310,
319, 346
Statically indeterminate reactions, 164181,
196, 211-212
Statically indeterminate trusses,
306, 310
Steady-state motion, 1254, 1269
Steady-state vibrations, 1252, 1263, 1281
Steady stream of particles, 885-888, 908
fan, 888
fluid flowing through a pipe, 887
fluid stream diverted by a vane, 887
helicopter, 888
jet engine, 887, 893
Straight two-force members, internal
forces in, 403
Structures
analysis of, 284-351
containing multiforce members, 316,
323-324
Submerged surfaces, forces on,
249-257, 276
Sufficient conditions, 319
Summary
analysis of structures, 345-347
distributed forces
energy and momentum methods,
843-848, 1135-1138
centroids and centers of gravity,
274277
moments of inertia, 547-552



Summary—Cont.
equilibrium of rigid bodies, 210-212
forces in beams and cables, 403—-405
friction, 460—462
kinematics of particles, 682-685
kinematics of rigid bodies,
1011-1017
kinetics of rigid bodies in three
dimensions, 1201-1205
mechanical vibrations, 1277-1281
method of virtual work, 592-594
moments of inertia of masses,
1330-1332
rigid bodies, in equivalent systems of
forces, 146—150
Newton’s second law, 746-749
statics of particles, 64—66
systems of particles, 905-908
Surfaces
nonlubricated, 412
of revolution, 238-239
quadric, 533
submerged, forces on, 249-257
Symmetry, 539
of the ellipse, 491
planes of, 259, 261, 276277
planes of, 1331
properties of, 1323
System passing through its equilibrium
position, in applying the
principle of conservation of
energy, 1241
Systems of forces, equipollent, 858, 862,
886, 1029, 1074
Systems of forces, equivalent, 125, 150
Systems of particles, 854-913
angular momentum about its mass
center, 8§62—-864, 906
application of Newton’s laws to the
motion, effective forces,
856-859, 905
computer problems, 912-913
conservation of momentum for,
864-872, 906
introduction, 856
kinetic energy of, 872-873, 906-907
linear and angular momentum of,
859-860, 905
motion of the mass center of, 860-862,
905-906
principle of impulse and momentum
for, 874—-884, 907
review problems, 909-911
steady stream of particles,
885-888, 908
summary, 905-908
systems gaining or losing mass,
888-904, 908
variable systems of particles,
885, 908
work-energy principle, conservation of
energy for, 874, 907

Systems of rigid bodies, 1085-1086,
1106, 1136
Systems of units, 5-10
International System of Units
(ST units), 5-8
U.S. customary units, 9-10, 12
Systems of units, 695-697, 721, 746

T

Tangential and normal components,
665-667, 672, 685, 957, 1014
of acceleration, 666
equations of motion in terms of, 698
motion of a particle in space,
667, 685
plane motion of a particle, 665-667
in rotation about a fixed axis, 1012
Tarn River Gorge, 352-353
Tension, 346, 354-355, 383-385, 390
maximum and minimum values
of, 398
Theorems
of Pappus-Guldinus, 220, 238-247, 276
parallel-axis, 483-484, 548
Varignon’s, 83
Thermal energy, 786
Thin plates, moments of inertia of,
515-516, 551, 1298-1299,
1305-1306, 1331
Three vectors, mixed triple product of,
96-97, 148
Three-dimensional bodies, centers of
gravity of, 258-260, 275-276
Three-dimensional motion of a particle,
relative to a rotating frame,
998-999, 1016-1017
Three-dimensional space
forces in, 65
particles in, 59
Three-force bodies, 183-184
Thrust bearings, 441-442, 445
Time, 2-3,5 , 812
Time constant, 1275
Torsional vibrations, 1233
Total energy, of a particle, 824
Total mechanical energy, 786
Total momentum, 808, 833
conserving, 826, 847
of a particle, 813
Total work, 1093-1094
Trains, tilting, 718
Trajectories
elliptic, 736-737, 740-741
hyperbolic, 736737, 740741
parabolic, 736737, 740-741
of a particle under a central
force, 734
Transient-free vibrations, 1280
Transient vibrations, 1252, 1263
Translation, 75

Translation, 914-919, 924, 932-933, 991,
1011, 1030, 1039, 1086
defining, 916
diagramming, 938, 963
Transmissibility, 1259, 1286
principle of, 1030
Transmissibility, principle of, 3, 74-77, 146
Transverse components. See Radial and
transverse components
Triangle rule, 19, 24
Triangular loads, 252
Trigonometric solutions, 22-23, 30
Triple integration, 261
Triple products. See also Mixed triple
product of three vectors
vector, 920
Trusses, 287-315, 345-346
analysis of, 287-315, 345-346
compound trusses, 305-306
definition of a truss, 287-288
Fink trusses, 305
joints under special loading conditions,
292-294
rigid, 289, 306
simple trusses, 289, 345
space trusses, 294-304, 346
trusses made of several simple trusses,
305-315, 346
Two vectors
scalar product of, 94-96, 147-148
vector product of, 77-79, 146
Two-dimensional bodies, 158, 170
centers of gravity of, 220-221, 274
Two-force bodies, 184, 345

U

U.S. customary units, 9-10, 12
Unbalance, 1055, 1062
Unified approach, 1032
Uniform motion, 608, 768
Uniform rectilinear motion, 616,
623, 683
accelerated, 617-618, 623, 683
Uniform rotation, 922, 1012, 1054
accelerated, 922, 1012
Unit vectors, 28, 1290
Units, systems of, 695-697, 721, 746
Units
consistent system of, 5
customary (U.S.), 9-10, 12
gravitational, 9
of area and volume (SI units), 5—8
of force, 10-11
of length, 10
of mass, 11
Universal gravitation. See Newton’s laws
Unknowns, 37, 159-162, 190, 211, 324,
422,812, 879, 1032, 1039
impulses, 1157
reducing number of, 1061
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Validity issues, 374
Variable systems of particles, 885, 908
Varignon’s theorem, 83, 110-111
Vector algebra, useful definitions and
properties of, 1289-1294
addition of vectors, 934, 1289
mixed triple product of three
vectors, 1293
moment of a force about a given axis,
1293-1294
moment of a force about a point,
1291-1292
product of a scalar and a vector, 1290
scalar product of two vectors, 1292-1293
subtraction of vectors, 893
unit vectors, resolution of a vector into
rectangular components, 1290
vector product of two vectors,
1290-1291
Vector components, 28
Vector functions, derivatives of,
643-645, 684
Vector products, 88
expressed in terms of rectangular
components, 79-80, 146-147
of two vectors, 77-79, 146, 1290-1291
of unit vectors, 1291
Vector quantities, 64
Vector tangents, 684
Vector triple product, 920
Vectors, 3, 17-18, 52
addition of, 18—-20
components of, 1105
coplanar, 20
couple, 149
equipollent systems of, 125
fixed and free, 17-18, 108, 116
linear momentum, 1104
mixed triple product of three, 96-97, 148
moments of, 1104
negative, 1289
position, 81, 84, 147, 641, 990, 1291
representing couples by, 111-112
sliding, 18, 76
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Vectors—Cont.
subtraction of, 19
unit, 28
Velocity, 936, 1289
absolute, 948
angular, 917, 920, 988-990, 1003,
1154-1157
average, 603-604
determining, 612, 938, 951, 990-991
escape, 693, 737-738, 749
instantaneous, 604, 641-642
of mass center, 1154
in plane motion, absolute and relative,
934-946, 1013
relative, 683—-684, 823, 826—-827, 831,
833, 848, 889, 1123
Velocity-time curve, 632
Vibrations
in the Fundamentals of Engineering
Examination, 1333
mechanical, 1212-1287
period of, 1278
steady-state, 1252, 1263, 1281
torsional, 1233
transient, 1252, 1263
Vibrations without damping, 1214-1260
application of the principle of
conservation of energy,
1240-1250, 1279
forced vibrations, 1250-1260,
1279-1280
free vibrations of particles, simple
harmonic motion, 1214-1218,
1277-1278
free vibrations of rigid bodies,
1228-1240, 1279
simple pendulum, 1218-1228, 1279
Virtual displacement, 561-563, 592
Virtual work. See Method of virtual work
Viscous damping, 1260, 1268, 1280
coefficient of, 1261, 1268, 1281
Volume, units of (SI), 5-8
Volumes, 258-273
center of gravity of a three-dimensional
body, 258-260, 275-276
centroids of, 258-260, 275-276

Volumes—Cont.
composite bodies, 261, 277
determination of centroids of, by
integration, 261-273, 277

w

VVedgeS, 429-430, 434
Weight, 6, 812, 861, 1217, 1243
work of, 593
Wheel friction, rolling resistance, 442—449
Wind turbines, 1024
Wires
composite, 226-236
homogeneous, 274
multiple, 265
Work, 1088, 1090
corresponding to displacement, 843
of a couple, 1135
defining, 756-758
in the Fundamentals of Engineering
Examination, 1333
negative, 782
total, 1093-1094
Work, 558-559. See also Method of
virtual work
during a finite displacement, 578-579, 593
of a force, 557-561
of a weight, 593
Work-energy principle, 769, 827, 874, 907
Work of a force, 756760, 843
work of a constant force in rectilinear
motion, 758, 769
work of a gravitational force, 759-760,
769, 843-844
work of the force exerted by a spring,
759, 769, 844
work of the force of gravity, 758-759
Wrench, 150
pitch of, 134

y 4

Zero-force members, 293-294



Answers to Problems

Answers to problems with a number set in straight type are given on this and the following pages. Answers to problems set

in italic are not listed.

CHAPTER 2

2.1
2.2
23
2.5
27
2.8
29
2.10
2.1
2.13
2.14
2.15
2.16
217
2.19
2.21

2.22

2.23

2.25
2.26
227
2.30
2.31
2.32
2.34
2.35
2.36
2.37
2.39
2.40
2.42
2.43
2.45
247
2.48
2.49
2.51
2.52
2.53
2.55
2.56
2.57
2.59
2.60
2.61
2.62
2.63

179 N % 75.1°.

771 1b > 85.4°.

139.1 Ib & 67.0°.

(a) 76.1°. (b) 336 1b.

(a) 37.1°. (b) 73.2 N.

(a) 447 N. (b) 107.1 N.

(a) 3660 N. (b) 3730 N.

2600 N =% 53.5°.

(a) 392 1b. (b) 346 Ib.

(@) 211N |. (b) 45.3 N.

(a) 368 Ib —. (b) 213 1b.

77.11b > 85.4°

139.1 Ib & 67.0°.

3.30 kN <5 66.6°.

21.8 kN <5 86.6°.

(800 N) 640 N, 480 N; (424 N) —224 N,
—360 N; (408 N) 192.0 N, —360 N.

(29 1b) 21.0 1b, 20.0 1b; (50 1b) —14.00 b,
48.0 Ib; (51 1b) 24.0 b, —45.0 Ib.

(40 1b) 20.0 1b, —34.6 Ib; (50 1b) —38.3 1b, —32.1 Ib;

60 1b) 54.4 Ib, 25.4 Ib.
a) 523 1b. (b) 428 1b.
a) 2190 N. (b) 2060 N.
194.9 N. (b) 153.6 N.
(a) 610 1b. (b) 500 Ib.
38.6 Ib  36.6°.
251 N = 85.3°
654 N =% 21.5°
309 N 27 86.6°.
226 N &7 62.3°.
203 Ib £ 8.46°.
(a) 21.7°. (b) 229 N.
a) 580 N. (b) 300 N.
a) 56.3°. (b) 204 1b.
a) 2.13 kN. (b) 1.735 kN.
)
)

(
(
(@)
(@)

a) 305 N. (b) 514 N.
a) 1244 lb (b) 115.4 1b.

) 172.7 1b. (b) 231 1b.
Fy = 1303 Ib; Fy = 420 Ib.
Fe = 6.40 kN; Fj, = 4.80 kN.
Fy = 15.00 kN; Fp = 8.00 kN.
(a) 52.0 1b. (b) 45.0 1b.
(a) 1213 N. (b) 166.3 N.
(a) 863 N. (b) 1216 N.
(a) 784 N. (b) 71.0°.
(a) 60.0°. (b) 230 1b.
5.80 m.
(@)
(a
(a)

(
(
(
(
(
(a

1081 N. (b) 82.5°.
) 1294 N. (b) 62.5°.
) 10.98 Ib. (b) 30.0 Ib.

2.65
2.67
2.68
2.69
271
2.72
2.73
2.74
2.76
2.77
2.79
2.81
2.82
2.84
2.85
2.86
2.87
2.89
291
292
2.94
2.95
2.96
297
2.99
2.101
2.103
2.104
2.105
2.107
2.108
2.109
2.m
2.112
2.13
2.114
2.115
2.116
2117
2.118
2121
2.123
2.125
2.126
2.127
2.130
2.131
2.133
2.134
2.135
2.136

a) 602 N = 46.8°. (b) 1365 N 2 46.8°.
a) 300 1b. (b) 300 Ib. (c) 200 Ib. (d) 200 Ib. (¢) 150.0 Ib.
b) 200 1b. (d) 150.0 1b.

a) 1293 N. (b) 2220 N.

a) +390 N, +614 N, +181.8 N. (b) 58.7°, 35.0°, 76.0°.

a) —130.1 N, +816 N, +357 N. (b) 98.3°, 25.0°, 66.6°.

a) 288 N. (b) 67.5°, 30.0°, 108.7°.

a) 100.0 N. (b) 112.5°, 30.0°, 108.7°.

a) 80.0 1b. (b) 104.5°, 30.0°, 64.3°.

a) +56.4 1b, —103.9 Ib, —20.5 1b. (b) 62.0°, 150.0°, 99.8°.
=570 N; 0, = 55.8°, 0, = 45.4°, 0. = 116.0°.

( ) 118.2°. (b) F, = 36.0 Ib, F, = —90.0 Ib; F = 110.0 Ib.

(a) 114.4°. (b) F, = 694 Ib, F. = 855 Ib; F = 1209 Ib.

(a) F, = 194.0 N F.=108.0 N. (b) 6, = 105.1°, 6. = 62.0°.

+100.0 Ib, +500 1b, —125.0 1b.

+50.0 b, +250 1b, +185.0 1b.

+240 N, —255 N, +160.0 N.

—1125 N, +750 N, +450 N.

515 N; 0, = 70.2°, 0, = 27.6° 6. = 71.5°.

515 N; 0, = 79.8°, 6 = 33.4° 6. = 58.6°

913 1b; 6, = 50.6°, 9 = 117.6° 6. = 51.8°

748 N; 0, = 120.1°, 9_,, = 52.5° 0. = 128.0°.

3120 N; 0, = 37.4°, 0, = 122.0°, 6. = 72.6°.

(a) 65.2 1b. (b) 208 Tb; 6, = 61.6°, 6, = 151.6°, 6. = 90.0°.

1031 N 1.

926 N 1.

2100 Ib.

1868 1b.

1049 1b.

960 N.

0=0Q <300N.

1572 Ib.

845 N.

768 N.

Ty = 842 1b; Ty = 624 Ib; Ty = 1088 Ib.

Tap = 29.5 1b; Tgp = 10.25 1b; Tep = 29.5 1b.

Tyg = 510 N; Ty = 56.2 N; Typ = 536 N.

Ty = 1340 N; Ty = 1025 N; Ty = 915 N.

Tap = 1431 N; Ty = 1560 N; T,p = 183.0 N.

Ty = 1249 N; Ty = 490 N; T,p = 1647 N.

P =1312N; Q = 29.6 N.

378 N.

(a) 125.0 1b. (b) 45.0 1b.

x = 1342 in., z = 6.71 in.

37.0°.

(a) 500 Ib. (b) 544 1b.

(a) 312 N. (b) 144 N.

(a) 140.3°. (b) F, = 79.9 1b, F. = 120.1 Ib; F = 226 Ib.

(a) —1861 Ib, +3360 1b, +677 1b. (b) 118.5°, 30.5°, 80.0°.

15.13 kN; 6, = 133.4°, 0, = 43.6°, 6. = 86.6°.

Tag = 500 N; Ty = 459 N; T,p = 516 N.
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2 137
.C2

2.C3

(@) 1155 N. (b) 1012 N.

(1) (B) 20% (c) 244 1b. (2) ()
() 163.2 Th.

(a) 1.

a) 1.001 m. (b) 4.01 kN. (¢) 1.426 kN; 1.194 kN.

CHAPTER 3

3.1

3.2

3.3

3.4

3.5

3.7

3.9
3.10
3.12
3.13
3.16
3.17
3.19
3.21
3.22
3.24
3.26
3.27
3.28
3.30
3.31
3.32
3.33
3.35
3.37
3.39
3.40
3.41
3.43
3.44
3.45
3.46
3.47
3.48
3.49
3.50
3.51
3.53
3.55
3.56
3.57
3.58
3.59
3.61
3.65
3.66
3.68
3.69
3.70
3.71
3.72
3.75
3.76
3.77
3.78

1306

1.277 N - m .

L277N - m i,

(@) 417N - m . (b) 1474 N £ 45.0°.

(a) 41.7N - m Y. (b) 176.8 N « 58.0°.

186.6 1b - in. ).

6.12° or 33.8°.

(@) T60 N - m N. (b) 760 N - m .

1224 N.

116.21b - ft .

128.21b - ft .

2.21 m.

(a) 41.0. (b) 26.9.

(@) —11i + 22j + 22k. (b) 0. (c) —45i + 30j — 10k.
(750 N - m)i — (6.00 N - m)j — (10.39 N - m)k.
(3080 N - m)i — (2070 N - m)k.

—(153.01b - f)i + (63.01b - ft)j + (215 1b - f)k.
(492 1b - ft)i + (144.01b - ft)j — (372 1b - fH)k.
4.58 m.

3.70 m.

57.0 in.

1.564 m.

3.29 m.

4.86 ft.

P-Q=1P-S=-11;Q-S = 10.

27.4°,

43.6°,

38.9°.

(a) 59.0°. (b) 648 N.

(a) 71.1°. (b) 0.973 1b.
12.00 in.

(a) 67. (b) 111.

7.

M, = —312N-m; M,
M, = =256 N - m; M,
1.252 m.

1.256 m.

61.5 Ib.

¢ = 24.6% d = 34.6 in.
—90.0N - m

—111.0 N - m.

228 N - m

—9.50 N - m

aP/ V2.

1359 1b - in

0.249 m.

0.1198 m.

30.4 in.

43.5 in.

(@) 12.39N - m ). (b) 12.39N - m ). (¢) 12.39 N - m ).
(a) 336 1b - in. \. (b) 28.0 in. (c) 54.0°.

(a) 75.0 N. (b) T1.2 N. (c) 45.0 N.

M =10.001b - ft; 6, = 90.0°, 6, = 143.1°, 0. = 126.9°.
M =921 N-m; 6, =779° 91/ = 12.05° 6. = 90.0°.
M =6041b - in; 0, = 72.8° 6, = 27.3°, 0. = 110.5°.
M = 1170 1b - in; 6, = 81.2°, 6, = 13.70°, 6. = 100.4°.

= 1320 N - m; M. =

—10% (¢) 467 1b. (3) (b) 10°;

—2.42 N - m
=10.80 N -m; M. =40.6 N - m

3.79
3.80
3.81
3.82
3.83
3.85
3.87
3.88
3.89
3.90

3.93
3.94

3.95

3.97

3.98

3.99

3.101

3.102
3.104
3.105
3.106
3.108
3.109

3.110
3.1

3.112
3.113
3.115
3.116
3.18
3.19
3.120

3.121

3.122

M =1092N - m; 0, = 97.8°% 6, = 34.5°, 0. = 56.7°.
M = 2860 N - m; 0, = 113.0°, 6, = 92.7°, 6. = 23.2°.
(@) F =560 1b % 20.05M = 7720 Ib - ft ).

(b)

(a) F = 160.0 Ib £ 60.0°% M = 334 1b - ft .
(b) Fy = 20.01b 7; Fp, = 143.0 Ib £ 56.0°.

(@) Fp = 80.0 N < My = 400 N - m .

(b) Fe = 100.0 N |; Fy = 100.0 N ].

(@) Fg = 250 N Y5 60.0°, Mz = 75.0 N - m ).
) FA = 375 N = 60.0% Fj = 625 N <5 60.0°.
(a) —(600 N)k; d = 90.0mm below ED.
(b)

F =
F = —(600 N)k; d = 90.0mm above ED.
=900 N |; x = 50.0 mm.
(0.227 Ib)i + (0.1057 Ib)k; 63.6 in. to the right of B.
(@) F =48.01b «£65.0%M =4901b - in. ).
(h) F = 48.0 b £ 65.0°% 17.78 in. to the left of B.
= —(1220 N)i; M = (73.2 N - m)j — (122.0 N - m)k.
F( = (5.00 N)i + (150.0 N)j — (90.0 N)k;
= (774N - m)i + (61.5 N - m)j + (106.8 N - m)k.
—(128.0 Ib)i — (256 1b)j + (32.0 Ib)k;
M (4 10 kip - f)i + (16.38 kip - ftlk.
F = —(122.9 N)j — (86.0 N)k;
M= (226N -m)i + (1549 N - m)j — (22.1 N - m)k.
(a) 135.0 mm. (b) F, = (42.0 N)i + (42.0 N)j — (49.0 N)k;
M; = —(25.9 N - m)i + (21.2 N - m)j.
F = (36.0 Ib)i — (28.0 Ib)j — (6.00 Ib)k;
M= —(157.01b - ft)i + (22.51b - ft)j — (240 b - ft)k.
(a) Loading a:R=600N|;:M = 1000 N - m Y.
Loading b: R = 600 N |; M = 900 N - m .
Loading c: R = 600 N LiM=900N-m?.
Loading d: R = 400 N1; M = 900 N - m .
Loading e: R = 600 N |; M = 200 N - m .
Loading f: R = 600 N ;M =800N - mH}.
Loading g: R = 1000 N ViM =1000N - mH".
Loading h: R = 600 N |; M = 900 N - m .
(b) Loadings ¢ and h.
Loading f.
Force-couple system at D.
(a) 2.00 ft to the right of C. (b) 2.31 ft to the right of C.
(@) 39.6 in. to the right of D. (b) 33.1 in.
R =7241b<581.9%M = 206 1b - ft.
(a) 34.0 Ib = 28.0°. (b) AB: 11.64 in. to the left of B;
BC: 6.20 in. below B.
(a) 48.211b - in. \. (b) 240 1b - in. \. (¢) O
(a) 1562 N 2 50.2°. (b) 250 mm to the right of C and
300 mm above C.
(a) 1308 N £ 66.6°. (b) 412 mm to the right of A and
250 mm to the right of C.
773 1b &7 79.0% 9.54 ft to the right of A.
(a) 0.365 m above G. (b) 0.227 m to the right of G.
(@) 0.299 m above G. (b) 0.259 m to the right of G.
(@) R = F & tan '(a*/2bv);
M = 2Fb*(x — x%/a®)/NVa* + 4b** K. (b) 0.369 m.
R = —(420 N)i — (50.0 N)j — (250 N)k;
M = (30.8 N m)j — (22.0 N - m)k.
R = —(420 N)j — (339 N)k;
M = (1.125 N - m)i + (163.9 N -
(a) B = (2.50 Ib)i;
C = (0.1000 Ib)i — (2.47 Ib)j — (0.700 Ib)k.
b) R

m)j — (109.9 N - mk.

(b)R, = —2471b; M, = 1.360 Ib - ft.
A= (l 600 1b)i — (36.0 Ib)j + (2.00 Ib)k;
B = —(9.60 Ib)i + (36.0 Ib)j + (2.00 Ib)k.



3.124

3.125

3.127
3.128
3.129
3.130
3.133

3.134
3.136
3.137
3.140
3.141
3.143
3.147
3.148
3.149
3.151
3.153
3.155

3.156

3.157

3.C3

3.C4

3.C6

(a) —(28.4 N)j — (50.0 N)k;
M = (856 N - m)i — (240 N - m)j +
(b) Counterclockwise.
(a) —(28.4 N)j — (50.0 N)k;
M= (424N -m)i — (240 N - m)j +
(b) Counterclockwise.
1035 N; 2.57 m from OG and 3.05 m from OE.
2.32 m from OG and 1.165 m from OE.
405 1b; 12.60 ft to the right of AB and 2.94 ft below BC.
a = 0722 ft; b = 20.6 ft.
(@) PV3; 0, = 0, = 0. = 54.7°. (b) —a. (c) Axis of the wrench
is diagonal OA. '
(@) P; 6, = 90.0% 6, = 90.0°, 6. = 0. (b) 5a/2. (c
wrench is parallel to the z axis at x = a, y = —a.
(@) —(21.0 Ib)j. (b) 0.571 in. (¢) Axis of wrench is parallel to
the y axis atx = 0,z = 1.667 in.
(a) —(84.0 N)j — (80.0 N)k. (b) 0.477 m.
() x = 0.526 m, z = —0.1857 m.
(a) 3P(2i — 20j — k)/25. (b) —0.0988a.
(c) x = 2.00a, z = —1.990a.
R = (20.0 N)i + (30.0 N)j — (10.00 N)k;
y = —0.540 m, z = —0.420 m.
F, = (M/b)i + R[1 + (a/b)]k; Fz = —(M/b)i — (aR/b)k
() 196.2 N - m ). (b) 199.0 N = 59.5°.
420N - m .
—(2541b - ft)i — (12.60 Ib - ft)j — (12.60 Ib - ft)k.
283 1b.
(a) 151.2'1b - in. . (b) 672 1b -
F = —(28.5 N)j + (106.3 N)k;
M= (1235N " -m)i — (19.16 N - m)j — (5.13 N - m)k.
(@) 665 Ib £ 79.6% 64.9 in. to the right of A. (b) 22.9°.
(a) Fg = —(80.0 N)k;: F; = —(30.0 N)i + (40.0 N)k.
(b) R, = 0; R. = —40.0 N. (¢c) When the slot is vertical.
4 szdee B =10° a = 44.1°

B = 20° a = 41.6%

B = 30° a = 37.8°.
6 =0rev: M =970 N - m
0 =6rev: M =63.3N-m
0=12rev: M = 9.17TN - m
dyg = 36.0in.; dep = 9.00 in.; d,,;,, =

(2.13 N - mk.

(2.13 N - mk.

) Axis of

in. .

58.3 in.

CHAPTER 4

4.1
4.2
4.3
4.4
4.5
4.6
49
41
4.12
4.14
4.15
417
4.8
4.19
4.21

4.23

(a) 325 1b 1. (b)
420N 1
0.264 m
(a) 245 1b. 1. (b) 140.0 1b.
(@) 6.07 kN 1. (b) 4.23 kN 1.
(a) 4.89 kN 7. (b) 3.69 kN 1.
150.0 mm = d = 400 mm.
6.00 kips = P = 42.0 kips.
3.50 kN = P = 86.0 kN.
2.00 in. =« = 10.00 in.
(a) Fpp = 600 N. (b) C = 1253 N £ 69.8°.
(@) 80.01b |. (b) 216 1b 2 22.0°.
232 1b.
) 2.00 kN. (b) 2.32 kN £ 46.4°.
a) A = 150.0 N £ 30.0° B = 150.0 N = 30.0°.
b) A = 433 N 5 12.55°% B = 488 N = 30.0°.
1) A
) A

175 1b 1.

a

b) A

=4471b = 26.6°% B = 30.01b 1.

(@
(
(
(
(b) A =3021b % 41.4% B = 34.6 b = 60.0°

4.24

4.26
4.27
4.28
4.29
4.30
4.33
4.34
4.35
4.36
4.37
4.38
4.4
4.42
4.43

4.44
4.46
4.47

4.49
4.50
4.51
4.52
4.53
4.54
4.57
4.58
4.59

4.61
4.62
4.66
4.67
4.69
4.70
4.71
4.74
4.75
4.77
4.80
4.81
4.82
4.83
4.84
4.85
4.87
4.88
4.90

a)A=2001b1; B =5001b % 36.9°
b) A = 23.11b £ 60.0°% B = 59.6 Ib = 30.2°.

) 190.9 N. (b) 142.3 N £ 18.43°.

a) 324 N. (b) 270 N —.

a) 400 N. (b) C = 458 N « 49.1°.

a) 875 1b (b) 1584 1b =~ 45.0°.

T =80.0N; C =894 N £ 26.6°

T =2P/3; C = 0.57T7P —.

T = 0.586P; C = 0.414P —.

A =6931b—;B =34.61b%60.0°% C = 173.2 Ib = 60.0°.

Tgr = 50.01b; A =18751b —; D = 18.75 1b «.

(a) 1432 N. (b) 1100 N 1. (¢) 1400 N «.

Tpe = 3230 N; Tep = 960 N, D = 3750 N —.

T = 80.0 N; A = 160.0 N X 30.0°% C = 160.0 N = 30.0°.

T =69.3N; A =140.0 N X 30.0% C = 180.0 N = 30.0°.

(@) A =785 N; M,= 1256 N - m .

(b) A= 1110 N «£ 45.0°, M, = 1256 N - m .

(c)A=157T0N1T; M, = 251 N - m \.

C =7071b ™ 45.0°% My = 43.01b - in. ).

A = 1848 N 2 82.6°%5 M, = 1431 N - m ).

(@)D =2001b}; M, =2001b - ft N

(b) D =10.001b |; M, = 30.01b - ft ).

C =1951 N = 88.5% Mg = 75.0 N - m ).

1232 kN =T < 1.774 kN.

(a) 0 = 2 sin ' (W/2P). (b) 6 = 29.0°.

(@) T = 3W/(1 — tan 6). (b) 6 = 39.8°.

(a) sin 0 + cos § = M/PL. (b) 17.11° and 72.9°.

(a) cos® 0 = a(P + Q)/PL. (b) 40.6°.

141.1°

(a) (1 — cos 0) tan O = W/2kl. (b) 49.7°.

(1) completely constrained; determinate; A = C = 196.2 N 1.

(2) completely constrained; determinate; B =0, C =D =
196.2 N 1.

(3) completely constrained; indeterminate; A, = 294 N —;
D, = 294 N .

(4) improperly constrained; indeterminate; no equilibrium.

(5) partially constrained; determinate; equilibrium;
C=D=1962N1.

(6) completely constrained; determinate; B = 294 N —,
D =491 N =~ 53.1°.

(7) partially constrained; no equilibrium.

(8) completely constrained; indeterminate; B = 196.2 N 1,
D, = 1962 N 1.

A =400N1T;B =500 N < 53.1°.

a = 138.6 mm.

B =888 N X 41.3% D = 943 N &= 45.0°.

B = 1001 N = 48.2°: D = 943 N X 45.0°.

(a) 499 N. (b) 457 N = 26.6°.

(a) 998 N. (b) 822 N & 5.72°.

A =3711b £ 624°% T = 18.57 Ib.

(a) 24.9 1b 2 30.0°. (b) 15.34 1b £ 30.0°.

T = 100.01b; B = 111.1 Ib <5 30.3°.

A = 170.0 N = 33.9°% C = 160.0 N « 28.1°.

(@) Fap = 400 N. (b) C = 458 N £ 49.1°.

(a) 2P = 60.0°. (b) 1.239P <X 36.2°.

(a) 1.155P = 30.0°. (b) 1.086P £ 22.9°.

60.0 mm.

tan 6 = 2 tan 3.

(a) 49.1°. (b) A = 45.3 N «<—; B = 90.6 N « 60.0°.

(a) 12.91 in. (b) 11.62 1b. (c) 5.92 1b.

32.5°

(a) 59.4°. (b) A

NSNS

=8451b —; B = 13.09 Ib = 49.8°.
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491
4,92
4.93
4.94
4,97
498
4.99
4.100
4.101
4.102
4.105
4.106
4.107
4.108
4.109
4.110

4.113
4.114

4117

4118

4.119

4.120

4121

4.122

4.125

4.126

4127

4,128

4.129

4130 B =

4133
4.134
4.135
4.136
4137
4.138
4.139
4,142
4.143

4.145
4.146
4.148
4.150
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A= (2291b)i +
C = —(45.8 Ib)i.
A = (56.0 N)j + (18.00 N)k; D =
A = (56.0 N)_] + (14.40 N)k; D
(@) 37.51b. (b)) B = (33.8 Ib)j —
D = (33.8Ib)j + (28.0 Ibk.

(a) 121.9 N. (b) —46.2 N. (c) 100.9 N.

(a) 95.6 N. (b) —7.36 N. (c) 88.3 N.

Ty = 30.0 Ib; Ty = 10.00 Ib; T, = 40.0 Ib.

(Wp)min = 40.0 Ib; x = 0 in.; z = 30.0 in.

Ty =235N; Te = 1177 N; Ty = 1059 N.

(a) 0.480 m. (b) Ty = 23.5 N; Tc = 0; Tp = 117.7 N.
Tgp = Tpp = 1100 Ib; A = (1200 Ib)i — (560 Ib)j.

Tap = 2.60 kN: T, = 2.80 kN; C = (1.800 kN)j +
(4.80 kN)k.

Typ = 5.20 kN; Ty = 5.60 kN; C = (9.60 kN)k.

(@) Tpy = Tpr = 262 1b. (b)) A = —(801 Ib)i + (1544 Ib)j.
(@) Tep = Ter = 3.96 kN. (b) A = (6.67 kN)i +
(@) Tep = 0.954 kN; T = 5.90 kN.

(b) A = (577 kN)i + (1.443 kN)j — (0.833 kN)k.
(@)

(a)

(6

(

(8.50 Ib)j; B = (22.9 )i + (25.5 Ib)j;
(24.0 N)j +
= (24.0 N)j +

(70.0 Ib)k;

(42.0 N)k.
(33.6 N)k.

) 1016 N. (h) A = —(26.3 N)i; B = (98.1 N)j.
462 N. (h) C = —(336 N)j + (467 N)k; D =
6.7 N)k.

@) 49.5 Tb. (b) A = —(12.00 Ib)i +

= (15.00 Ib)j + (34.0 Ib)k.

(a) 118.8 Ib. (b) A = (93.8 Ib)i +
= (15.00 Ib)j — (8.33 k.

(a) 462 N. (b) C = (169.1 N)j + (400 N)k;

M; = (200 N - m)j + (1515 N - m)k.

(a) 49.5 1b. (h) A = —(12.00 Ib)i + (375 Ib)j +

M, = —(1020 Ib - in.)j + (450 Ib - in k.

(@ 5.001b. (b) € = —(5.00 Ib)i + (6.00 Ib)j — (5.00 Ib)k:

M¢ = (8.00Ib - in)j — (12.00 Ib - in.)k.

200 N; Tpy = 450 N: A = (160.0 N)i +

M, = —(16.20 N - m)i.

Tye = 975 N; Tep = 600 N; Tpe = 625 N; A =

(175.0 N)j — (375 N)k.

Ty = 1950 N; Tep = 0; Tpe = 1250 N; A =

(750 N)k.

A = (120.0 Ib)j — (150.0 Ib)k; B =

C = —(180.0 Ib)i + (120.0 Ib)j.

A= (2001b)j + (250 Ibk: B =

C

B

(505 N)j —
(225 1b)j — (4.00 Ib)k;
(22,5 Ib)j + (70.8 Ib)k;

(30.0 Ih)k;

Tep = (270 N)k;

(3000 N)i —
(180.0 Ib)i +

(30.0 I)i — (25.0 Ib)k;
= —(30.0 Ib)i — (20.0 Ib)j.
= (60.0 N)k; C = (30.0 N)j — (16.00 N)k;
D = —(30.0 N)j + (4.00 N)k.
(60.0 N)k; C = —(16.00 N)k; D =
85.3 1.
181.7 Ih.
373 N
301 N
(45.0 Ib)j
) x = 4.00 ft; y = 8.00 ft. (b) 10.73 Ib.
Ax=0ft 1/ = 16.00 ft. (b) 11.31 Ib.
@) 379N 1. (b) 373N 1.
)A = 225N T> C = 641 N & 20.6°.
) A
)

(4.00 N)k.

(@)
(i
(i
(a
(b = 365 N « 60.0°% B = 844 N & 22.0°.

(a) 130.0 N, (b) 224 N 2 2.05°.

C=7971b—;D =4261b < E = 69.31b £ 60.0°.
A =63.61b%45.0% C = 87.51b = 59.0°.

Typp = T80 N; T = 390 N; A = —(195.0 N)i +
(1170 N)_] + (130.0 N)k.

(1.667 kN)j.

(2100 N)i +

(150.0 Ib)k;

4.152

4,153

TF, =0, TDH =60.0 Ib; Tpe = 80.0 Ib; A =

a) = 0 745P « 63.4°% C

(100.0 Ib)i —

= 0.471P 2 45.0°

= 0.812P « 60.0°%; C = 0.503P & 36.2°.

(d) improperly constrained; no equilibrium.

—0448P§>600° C = 0.652P £ 69.9°.

4C1 0 =20°T = 114.81b; 0 = 70°: T = 127.7 Ib;
T, = 132.21b at § = 50.4°.
4.C2 x = 600 mm: P =314 N;x = 150 mm: P = 377 N;
P = 472 N at x = 283 mm.
4.C3 6 =30 W = 9.661b; 0 = 60°: W = 36.6 Ib;
W =51Ibatf = 22.9° [Also at 6 = 175.7°].
4.C4 6 =30°W =0.801b; 0 = 60> W = 4.57 Ib;
W =51bat § = 62.6° [Also at = 159.6°].
4.C5 6 = 30%m = 7.09 kg; § = 60°: m = 11.02 kg.
When m = 10 kg, 6 = 51.0°.
4.C6 0 = 15% Typ = 10.30 kN, Ty = 21.7 kN;
0 = 30° Typ = 5.69 kN, T = 24.4 kN;
T, = 26.5 kN at § = 36.9°.
CHAPTER 5
51 X =175.6 mm, Y = 94.4 mm.
52 X =16.21 mm, Y = 31.9 mm.
53 X =19.28in,Y = 6.94 in.
54 X =567in,Y =517 in.
55 X =722in,Y = 9.56 in.
5.6 X =92.0mm, Y = 23.3 mm.
59 X = —10.00 mm, Y = 87.5 mm.
510 X = —9.89 mm, Y = —10.67 mm
511 X=0,Y =645 in.
5.12 X =50.5mm, Y = 19.34 mm.
514 X=Y = 9.00 in.
—  2(ry —17\[ 2cos «
5.6 1 = 3( - r%)(W = za)
_ ry + ry
517 Y = cos a
T — 2a
518 a/b = 4/5
5.20 459 N
521 (Q,), = 25.0 in’% (Q,); = —25.0 in’.
5.22 (Q) = 23.3in’% (Q), = —23.3 in’.
524 X = 1725 mm, Y = 97.5 mm
526 X = 18.45in., Y = 6.48 in.
528 (@) T =5.091b. (b) C = 9.481b = 57.5°.
5.29 0.739 m
5.30 L = 0.204 m or 0.943 m
5.32 (@) h = 0.513a. (b) h = 0.691a
534 x=2/3a,y = Lh.
535 x=4a/2,y = 2h/5
5.37 x = 2a/3(4 ),y = 2b/3(4 — m)
5.39 ifa(3*4smﬂf/61 —a),y=0.
5.40 x = a/4,y = 3b/10.
541 x =5a/8,y =b/3.
542 I = 5L/4,; = 33a/40.
544 x =a,y = 17b/35.
5.45 2/5a
5.46 —2\/2r/3m.
5.48 x = 0.236L, y = 0.454a.
549 x = —9.27a, y = 3.09a.
5.50 x = 1.629 in., y = 0.1853 in.
5.51 ¢ = 1.901 in. or 3.74 in.



5.52

5.53

5.54

5.56
5.58
5.59
5.61
5.63
5.64
5.66

5.67

5.68
5.69
5.71
573
5.74
5.76
577
578
5.80

5.81

5.82
5.83
5.84
5.85
5.88
5.89
5.90
591
593
5.94
5.96

597

5.98

5.99
5.100
5.101
5.103
5.104
5.106
5.107
5.108
5.110
5.1
5.112
5.114
5.115
517
5118
5119
5.121

=6.19 X 10° mm® A = 458 X 10> mm>.

=16.88 X 10° mm® A = 1.171 X 10° mm>

1 =308 X 10° mmg; A = 38.2 X 10> mm>.

=169.0 X 10°in%; A = 28.4 X 10% in®.
V =88.9 X 10? in®, A= 1548 % 10% in”,
= 3470 mm®; A = 2320 mm>.
V = 0.0900 in®.
V = 31.9 liters.
m = 0.0305 kg.
22.0 gallons
66.5%
(@ R=12151b |, x = 4.33 ft.
b)A=6301b17;B=5851b1
(@) R = 2400 N |, 2.33 m to the right of A.
(b) A = 1000 N 1; B = 1400 N 1.
A =320kN; M, = 1240 kN - m .
B = 13601b7; C = 2360 b 1.
A=480N1T;B = S40 N | .
A =3000 N 15 M, = 12.60 kN - m V.
(@) a = 0.536 m. (b)) A =B = 761 N 1.
B =15001b1;C=52501b1.
(a) wy = 100.0 Ib/ft. (b) C = 4950 1b 1.
wy = 10.00 kN/m; wy = 50.0 kN/m.
H = 254 kN —; V = 831 kN 1.
) x = 3.25 m to the right of A.
) R = 268 kN 27 18.43°.
) H = 13.76 kips —; V = 113.0 kips 7.
)
) R

(@) V
b v
(@ V
(b)V = 1772 X 10° mm* A = 22.4 X 10° mm>
(@) V
(b>

C

22 4 ft to the right of A.

(@)
@
(
(a
@
(¢) R = 25.6 kips & 57.5°.

d = 2.64 m.

T = 67.2 kN «—; A = 141.2 kN «.

T = 3.70 kips 1.

d = 5.88 ft.

A = 1197 N = 53.1% B = 1511 N = 53.1°.
T = 3570 N.

T = 208 b

d = 6.00 ft.

d = 0.683 m

h =0.0711 m

(a) b/10 to the left of base of cone.

( ) 0.01136b to the right of base of cone.
—(2h* — 3b%)/2(4h — 3D).

=—a( h — 2b)/m(4h — 3b).

a) Y = —0.402a. (b) h/a = 2/5 or 2/3.

= 46.8 mm.

SICH

|
Lo
>
o
E
=]

= —0.1403 in.

= 347 in.

=0.295m,Y = 0423 m, Z = 1.703 m.

= 125.0 mm, Y = 167.0 mm, Z = 33.5 mm.
=Z=421in,Y = 7.03 in.

=46.5mm, Y = 27.2 mm, Z = 30.0 mm
=17.00 in., Y = 15.68 in., Z = 14.16 in.
=180.2 mm, Y = 38.0 mm, Z = 193.5 mm.
=0.1452 m, Y = 0.396 m, Z = 0.370 m.
=0.410 m, Y = 0.510 m, Z = 0.1500 m.

= 1750 ft, Y = 4.14 ft, Z = 1.355 ft.

= 61.6 mm from the end of the handle.

= 0.526 in. above the base.

Y = 421 mm. above the floor.

\%\X\X\X\X\X\X\X\X\X\X\ N\%\N\X\’\ NI “‘\

5.122
5.123
5.124
5.125
5.128
5.129
5.132

5133
5.134
5.136
5.137
5.138
5.140
5.141
5.143
5.146
5.147
5.148

5.C1

5.C2

5C3

5.C4

5C5

) = 21a/88; (X); = 27a/40.
(), = 21h/88; (x); = 27h/40.
2h/9 (x)y = 2h/3.

Il Il

W - ||
Il o >~

Il =

S ey

([
Il

Q0 a2
|

68

a
0,1 j = 511/16 z= fb/4
19.27 mm, ¥ = 26.6 mm.
3.20 in., Y = 2.00 in.
2 /2 y = 3h/5.
3a/8,y = b.
1300 N 1; B = 1850 N 1.
= 0.54SL. (b) h/L = 2V/3.
0.1402 m, Y = 0.0944 m, Z = 0.0959 m.
=234my=z=0.
A= 12201bT B =18301b1.
A=12651b1; B = 1601 Ib 1.
X=0,Y=0.278m, Z = 0.0878 m.
X = 0.0487 mm, Y = 0.1265 mm, Z = 0.0997 mm.
—0.0372 m, Y = 0.1659 m, Z = 0.1043 m.
1.00 m: F = 5.66 kN <5 30°;
= 3.00 m: F = 49.9 kN 5 27.7°.
) X =5.80in., Y = 1492 in. (b) X = 9.11 in., Y = 2.78 in.
)X = 8.49 in., Y = 0.375 in.
ith n = 40: (a )Xf 60.2 mm, Y = 23.4 mm.
)X =60.2 mm, Y = 146.2 mm.
=687 mm. Y = 20.4 mm.
d) X = 68.7 mm, Y = 127.8 mm.

BorlRl R Rl <R ‘ma\a\j‘;\‘;\‘

a)x

Il a\ ||

= RE

=

—
<

C
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I ><\ <
Il |

o~ =
=

5.C6 Wlth n = 40: (@) X = 60.0 mm, ¥ = 24.0 mm.
(b) X = 60.0 mm, Y = 150.0 mm.
(c ) =68.6 mm, Y = 21.8 mm.
(d) X = 68.6 mm, Y = 136.1 mm.

5.C7 (a) V = 628 ft°.

(b) X = 8.65 ft, Y = —4.53 ft, Z = 9.27 ft.
CHAPTER 6
6.1 Fuy=520kN T Fyo = 64.0 kN T: Fe = 80.0 kN C.
6.2 Fyy =3751b C; Fye = 780 1b C; Fo = 300 1h T,
6.3 Fyuy = 400 kN C; Fyp = 272 kN T Fye = 2.40 kN C.
6.5 Fip = Fyc = 31.5kips T; F4p = 35.7 kips C;
Fyp = 10.80 kips C; Fp = 33.3 kips C.
6.6 Fyy = Fyp = 0; Fyo = 675 N T: Fyp = 1125 N C;
Fep = 900 N T, Fop = 2025 N T; Fop = 2250 N C;
Fppr =675 N C; Fgp = 1SO0 N T.
6.7 Fyy = 1590 kN C; Fye = 13.50 kN T: Fye = 16.80 kN C;
Fpp = 13.50 kN C; Fep = 15.90 kN T.
69 Fup =472 kN C; Fye = 44.6 KN T; Fye = 10.50 kN C;
Fpp = 47.2 kN C; Fep = 17.50 kKN T, Fep = 30.6 kN T:
Fpgp = 0.

610 Fuy = Fyy = 1231 kKN C; Fyp = Foy = 11.25 kN T: Fppr =
Fey = 246 kN C; Fyp = Fpp = Fpp = Fry = 9.85 kN C;
Fep = Fre = 2.00 kN C; Fop = Fpe = 375 kN T:

Fee = 675 kN T.
6.1 Fuy = Fpy = 1500 1b C; Fy = Fep = Fye = Foy =

1200 b Tt Fyo = Fug = 0; Fyp = Fpp = 1000 1b C;
Fge = Fgr = 500 1b C; Fpe = 600 1b T.
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6.12

6.15

6.16

6.19

6.20

6.21

6.22

6.23

6.24

6.27

6.28

6.29
6.30
6.31

6.32
6.35

6.36
6.37

6.38

6.39

6.40

6.43
6.44
6.45
6.46
6.49
6.50
6.51
6.52
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Fap = Fpy = 1500 1b C; Foc = Fep = Fpe = Fen =
1200 1b T2 Fpe = Fpe = 0; Fyp = Fpp = 1200 Ib C;
Fgp = Fgp = 60.01b C; Fpp = 72.01b T.

Fyp = 7.50 kips C; Fyc = 4.50 kips T; Fpe = 7.50 kips T;
Fyp = 9.00 kips C; Fep = 0: Fep = 9.00 kips T,

Fup = 5.00 kips C; Fa¢ = 3.00 kips T; Fye = 5.00 kips T;
Fgp = 6.00 kips C; Fep = Frp = 2.50 kips T; Fep =

4.50 kips T; Fpp = Fpe = 2.50 kips C; Fpr = 3.00 kips C;
Fpe = 1.500 kips T.

Fup = 9.90 kN C; Fae = 7.83 kKN T: Fye = 0;

Fyp = 707 kKN C; Fyp = 2.00 kN C; Fop = 783 kN T:

Fpp = 1.000 kN T: Fpy = 5.03 kN C; Fpe = 0.559 kN C;
Fue =559 kN T

Fre = 3.50 KN T: Fpyy = 5.03 kN C; Feyy = 1.67T kN T

Fop = Fix = Fg, = 335kN T3 Fyp = Fy = Fig = 0;

Fy = Fj, = 442 kN C.

Fis = 2240 1b C; Fye = Fep = 2000 b T Fye = Fry = 0
Fpp = 1789 Ib C; Fyp = 447 Ib C; Fppp = 600 Ib C;

Fpp = 2010 b C; Fpe = 224 Ib T: Fp = 1789 b T.

Fre = 1400 1b T: Fpy = 2010 b C; Fey = 671 1b C;

Fgp = 2430 Ib T; Fy = 361 Ib T; Fix = 2910 1b C;

Fix = 4471b C; Fy, = 3040 b T; Fy,, = 3350 Ib C.

Fis = 9.39 kN C: Fyo = 840 kKN T Fye. = 2.26 kN C;

Fgp = 760 kN C; Fop = 0.128 kN C; F¢p = 7.07 kN T;
Fpg = 214 kN C; Fpp = 6.10 kKN C; Fup = 2.23 kKN T.

Fup = Fpp = 229 kKN T Fy = Fpp = 2.29 kN C;

Fpe = Fpp = 0.600 kN C; Fypp = 2.21 kN T: Fyp = Fppy = O
Fep = 2.21 kN C; Fyy = Fiy = 1.200 kN C.

Fup = 31.0 kips C; Fyc = 28.3 kips C; F5p = 15.09 kips T;
Fap = 9.50 kips T; Fyp = 21.5 kips T; Fyr = 28.0 kips C;
Fop = 41.0 kips T; Feg = 42.0 kips C; Fpp = 22.0 kips T;
Fpr = 33.5 kips Tt Fe; = 0.

Fip = 128.0 kN T: Fye = 136.7 kN C; Fypp = Fpp = Fpyy =
128.0 kKN T: Fop = Frg = 136.7 kN C; Fay = 192.7 kN C.
Truss of Prob. 6.33a is the only simple truss.

Truss of Prob. 6.32b is the only simple truss.

(a) BC, CD, I], IL, LM, MN. (b) BC, BE, DE, EF, FG,

I, KN, MN.

(@) AL, B], CK, DI, EI, FK, GK. (b) FK, IO.

Fig = Fap = 244 1b C; Fao = 1040 b T Fpe =

Fep = 500 1b C: Fpp = 280 Ib T,

Fyp = Fap = 861 N C; Fyo = 676 N C; Fpe = Fep =
162.5 N T. Fyp = 244 N T.

Fip = Fap = 2810 N T Fyo = 5510 N C; Fye = Fep =
1325 N T: Fp = 1908 N C.

Fis = Fae = 1061 1b C; Fyp = 2500 Ib Tt Fae = 2100 1b T:
Fyp = Fep = 1250 Ib C; Fpp = Fep = 1250 1b C;

Fpp = 1500 Ib T.

Fus = 840 N C; Fye = 110.6 N C; Fyp = 394 N C;

Fue = 0; Fye = 160.0 N T: Fgpe = 200 N T: Fepp = 225 N T
Fop = 233N C; Fpy = 1200 N T.

Fag = 0: Fao = 995 N T; Fyp = 1181 N C; Fyp = Fpe = 0:
Fye = 600 N T: Fopp = 375 N T: Feie = 700 N C;

Fpp = 360 N T.

Fep = 8000 Ib T Fpp = 2600 1b Tt Fpp = 9000 b C

Fpe = 7500 Ib T, Fye = 3900 Ib C; Fpyy = 6000 1b C

Fyp = 216 KN T: Fpp = 270 kN T.

Fpe = 459 kN C; Fre = 216 kN C.

Fep = 720 KN T Fpy = 1.047 kN C; Fpp = 6.39 kN C.
Fpc = 346 kN T; Fy = 3.78 kN C; Fyy = 3.55 kN C.

Fpr = 10.48 kips C; Fpe = 3.35 kips C; Fe = 13.02 kips T.
For = 13.02 kips T; Fyyy = 0.800 kips T; Fyyy = 13.97 kips C.

6.53
6.54
6.55
6.56
6.57
6.58
6.61
6.62
6.65
6.66
6.67
6.68
6.69
6.70
6.71
6.72
6.75
6.76
6.77
6.78
6.81
6.82

6.83

6.84

6.87

6.88

6.89

6.91

6.92

6.93

6.94

6.95

6.96
6.99

6.100

6.101

6.102

Fep = 8.00 kKN T: Fpp = 4.50 kN C; Fpp = 10.00 kN C.
Fpy = 10.00 kN C; Fpy = 492 kKN T: Fey = 6.00 kN T.
Fisp = 13.5kN C; Fop = 0; Fep = 56.1 kN T.

Fpe = 75.0 kN C; Fpe = 56.1 KN T Fpyy = 69.7 kN T.
Fup = 8.20 kips T; Foq = 4.50 kips T; Fpe = 11.60 kips C.
Fyp = 17.46 kips T; Fyp = 11.60 kips C; Fyy = 18.45 kips C.
Fyr = 1.500 kN T Fp = 0.900 kN T,

Fip = 0.900 kN T Fyy = 0.300 kN T,

(a) CJ. (b) 1.026 kN T.

(a) I0. (b) 2.05 kN T.

Fyc = 548 kips T; Fpe = 1.825 kips T.

Fep = 3.65 kips T; Fey = 7.30 kips T.

(a) improperly constrained. (b) completely constrained,
determinate. (¢) completely constrained, indeterminate.
(a) completely constrained, determinate. (b) partially
constrained. (c) improperly constrained.

(a) completely constrained, determinate. (b) completely
constrained, indeterminate. (c) improperly constrained.
(a) partially constrained. (b) completely constrained,
determinate. (¢) completely constrained, indeterminate.
(@) 125 N = 36.9°. (b) 125 N 2 36.9°.

Fgp = 255 N C; C, = 120.0 N —; C, = 625 N 1.

(a) 80.01b T. (b) 72.1 Ib & 16.1°.

(a) 80.01b T. (b) 72.1 Ib <% 16.1°.

A, = 18.00 kN «; A.’/ =20.0kN |: B = 9.00 kN —:
C, = 900 kN =, C, = 20.0 kN 1.

A =20.0kN |; B = 18.00 kN «<—; C, = 18.00 kN —,
C, = 200kN 1.

(@) A, = 450 N — A, = 525 N 1; E, = 450 N —,

E, = 225N 1; (h) A, = 450 N — A, = 1500 N 1;

E, = 450 N —, E!/ = 600 N 1.

(@) A, = 300 N «, A_,/ =660N1T; E, = 300 N —,

Ey =90.0N7T.(h) A, = 300 N «, Ay =150.0 N 1;

E, = 300 N —, E, = 600 N 1.

(@) A, = 80.01b — A, = 4001b1; B, = 80.0 b —,
B, =60.01b7. (h) A, = 0,A, =4001b1; B, = 0,

B, = 60.01b 1.

(a) and (c) B, = 32.0Ib —, B, = 10.00 Ib 1;

F, = 3201« F,=3301b1. (b B, = 32.01b -,
B, =3401b1,F, =3201b — F, = 1400 Ib 1.

(@) and (¢) B, = 24.01b < B, = 7501b |; F, = 24.0 Ib —,
F,=7501b17. (b) B, =24.01b «— B, = 10.501b 1;
F,=2401b— F, =10501b .

B, = 700 N« B, = 200 N |; E, = 700 N —,

<

E, = 500 N 1.
D, = 13.60 kN —, D, = 750 kN 1; E, = 13.60 kN —,
E, = 270 kN |

A, =17631b — A, =6001b]; G, =5631b—,
G,=5101b1.

A, =5631b <« A, =
G, =3831b 1.

(a) A =98211,B=9351b7;C="7331b1.

) AB = +291 Ib; AC = —72.7 Ib.

a) =5721b. (b)) A =10701b1; B =7091b1; C =870 1b 1.
C,=780lb—,C,=280b1;F,=7801lb «,
=12.001b 1.

C,=217b—,C, =375 |; D, =217 «,

D, =6251b1.

. = 13.00 kN < A, = 400 kN |; B, = 36.0 kN —,
=6.00 kN 1: E, = 23.0 kN <, E, = 2.00 kN |.

.= 2025 N < A, = 1800 N |; B, = 4050 N —,

, = 1200 N1; E, = 2025 N <, E, = 600 N 1.

1575 1b |5 G, = 56.3 1b —,

=



6.103

6.104

6.107

6.108

6.109
6.110
6.111

6.113
6.115
6.116

6.117
6.118
6.119

6.122
6.123
6.126
6.127
6.128
6.129
6.130
6.131
6.132
6.133
6.134
6.137
6.138
6.139
6.140
6.142
6.143
6.144
6.145
6.146
6.148
6.149
6.150
6.151
6.154
6.155
6.156
6.159

6.160
6.163

6.164
6.166
6.167
6.168
6.170

6.171

(@) C, = 100.0Ib «, C, = 100.0 b 1; D, = 100.0 Ib —,
D, = 20.01b 1. (b) E, = 100.0 1b «, E, =180.01b 1.
(@) C, = 10001b < C, = 60.01b1; D, = 100.0 Ib —,
D, =20.01b1. (b) E, = 1000 1b < E, = 140.0 Ib 1.

(a) A, =200kN —, A, = 122 kN 1. (D) B, = 200 kN «,

B, = 10.00 kN |.
(@) A, = 205 kN —, A, = 1345 kN 1. (b) B, = 205 kN <,
B, = 550 kN 1.

B =9851b «24.0°% C = 90.6 Ib = 6.34°.

(a) 301 Ib 5 48.4°. (b) 375 1b T.

Fye = \@P/G C; Fpp = 2V2 P/3C; Fpr = V2 P/3C;
Fey = V2P/6T.

Fap = P/4 C; Fpe = Fpe = P/\/2 C; Fgy = P/4T.

Fap = M, /4a C; Fye = Fpg = Mu/\/g’l T; Fpy = 3M, /4a C.

Fyr = \/§M0/3(l C; Fpe = My/a T; Fpe = My /a C;
Fey = 2V2M,/3a T.

E=P/5);F=8P/51;G =4P/5;H = 2P/51.
A=P/151; D =2P/157; E = 8P/151; H = 4P/15 1.

(@) A = 2.06P £ 14.04% B = 2.06P =~ 14.04°% frame is rigid.

(b) Frame is not rigid. (¢) A = 1.25P 2 36.9%

B = 1.031P £ 14.04° frame is rigid.

(@) (Fgp), = 96.01b | (b) Fpp = 100.0 Ib £ 73.7°.

(@) (Fgp), = 240 bl (b) Fgp = 250 1b 2 73.7°.

(a) 746 N |. (b) 565 N <G 61.3°.

(a) 302 N . (b) 682 N <5 61.3°.

Tpr = 8LON; B =216 N |.

(@) 21.0 kN «. (b) 52.5 kN «.

@ 1143N - m ). (h) 457 N - m ).

8321b - in. .

360 1b - in. .

195.0 kN - m ).

40.5kN - m .

208 N - m ).

1843 N - m ).

Fip =800 N T; Fpe = 100.0 N C.

P =120.0N|; Q =110.0 N «.

F = 3290 1b <X 15.12°% D = 4450 Ib «.

D = 30.0 kN «; F = 37.5 kN <% 36.9°.

D = 150.0 kN < F = 96.4 kN <X 13.50°.

(a) 475 1b. (b) 528 1b =~ 63.3°.

44.8 kN.

8.45 kN.

25.01b |

10.001b | .

240 N.

(a) 14.11 kN <5 19.10°. (b) 19.79 kN = 47.6°.

(a) 4.91 kips C. (b) 10.69 kips C.

(a) 2.86 kips C. (b) 9.43 kips C.

(@) My = (90.0 N - m)i. (b)) A =0;B = 0;

Mz = —(72.0 N - m)i

(a) 27.0 mm. (b) 40.0 N - m ).

E, = 100.0 kN —, E, = 1549 kN 1; F, = 26.5 kN —,
F, = 1181kN\LH71765kN<—H7‘3681(N\L.
FAB Fye = 671 1b T, Fye = Fap = 1000 1b C;

Fye = Fpp = 600 1b C; Fpy = 200 1b T,

F,:(; =523 kN C; Fg; = 0.1476 kN C; Fry = 5.08 kN T.
Fy = 5.02 kN T Fpp = 1.963 kN C; Fpy = 3.95 kN C.
A, = 25.0 kips «<—, A, = 20.0 kips 7; B, = 25.0 kips <,

B, = 10.00 kips l; C, = 50.0 kips —, C, = 10.00 kips .
A, = 1500 N < A, = 250 N 1; E, = 150.0 N —,

E, = 450 N 1.

A=3271b—> B=8271bD=6201b1;E =246 Ib ].

6.172
6.175
6.C1

6.C2

6.C3

6.C4

6.C5

(@) P =109.8 N —. (b) 126.8 N T, (c) 139.8 N = 38.3°.
(a) 312 1b. (b) 135.0 Ib - in. ).

(@) 6 = 30° W = 472 1b, A,y = 1.500 in%, Ayc = Acp =
1.299 in%, Age = Agr = 0.500 in%, Agp = 1. 737 in’.

(b) 6, = 56.5% W = 312 Ib, Ay = 0.896 in’ A =
Acg = 0491 in®, Age = 0.500 in®, Az = 0.299 in’
Agp = 0.655 inZ,

(@) Forx = 975 m, Fgy = 3.19 kN T. (b) For x = 3.75 m,
Fgy = 1.313kN C. (¢) Forx = 6 m, Fgy = 3.04 kN T.

0 =30>M =58601b - ft\;, A =6701b < 75.5°

(a) M,,,x = 8680 Ib - ft when 6 = 65.9°.

(b) A,x = 1436 Ib when 6 = 68.5°.

0 =230"M,=1669N - -mH, F=1179 N. 6 = 80°:
M, =321 N-mhH, F=1198 N.

d=1040in.:6341b C;d = 0.55in.: 286 1b C;

d = 0473 in.: Foz = 5001b C.

6C6 6 =20>M=318N -m;0=75M=1275N-m
0 = 60.0% M,,, = 1200 N - m
CHAPTER 7

71
7.2
7.3
74
77

7.8

79
7.10
713

7.14
715

716

717
718
719
7.20
7.23
7.24
727
7.28
729
7.30
7.31
7.32
735
7.36
7.39
7.40
741
7.42
7.43
744
745

7.46

F=0,V=800Ilb7;M=4801b - in. .
F=0,V=4001b7; M =2401b - in. .

F =480 kN < V= 1400 kN |; M = 1.380 kN - m ).
F = 3.00kN < V= 0; M = 0.600 kN - m .

(OnAJ) F =103.9NN;V=600N /7
M=187IN-m).

(On BK) F = 600N v;V =103.9 N \i;

M =1080 N - m .

(On C]) F=236lbN;V=2911bv;M=25401b -in.".
(@) 30.0 Ib at C. (b) 33.51b at B and D. (¢) 960 1b - in. at C.

(On A]) F = 194.6 N 5 60°% V

M=247N-m)

45.2 N - m for 6 = 82.9°.

(@) F=500N «V=500N7T;M=300N"-m).
F=970NT;V=17T1.0 N« M = 446 N - m ).

=257 N « 30%

(b)

(@) F=500N «V=500N7T;M=2300N"-m).

(b) 79‘33NT;V:250Ne;M:375N'mQ.

(On B] =200NN; V=1200N M = 1200 N - m .
(OnAK)F=520N « V=1200N |; M =96.0N - m .
150.0 Ib - in. at D.

105.01b - in. at E.

(On BJ) 0.289Wr A.
(On BJ) 0.417Wr n.
0.1009Wr for 6 = 57.3°.
0.357Wr for 6 = 49.3°.

D) |V]sax = 2P; |M|ppax = 3Pa.
< ) Vlax = 2P/3; [M|0 = 2PL/9.
(b) wL/4 ; 3wL?/32.
(b) wL/2; 3wL?/8.
(B) [V]mmax = 35.0 kN; [M| 0y = 12.50 kN - m
(D) V] = 50.5 kN; M|, = 39.8 kN - m
(D) [V]nax = 64.0 kN; [M],0 = 92.0 kN - m.
(B) [V]pmax = 60.0 kN; [M],0x = 72.0 kN - m
(D) |V]sas = 18.00 Kips; [ M|,y = 48.5 kip - ft.
(D) [V]nax = 15.30 kips; [M[ . = 46.8 kip - ft.
(B) [V]imax = 1.800 kN; [M|,0e = 0.225 kN - m.
(D) |V]max = 2.00 kN; |M|,0s = 0.500 kN - m
(a) M = 0 everywhere.
() [V]as = 4.50 kips; |M|,na = 13.50 kip - ft.
(@) M = 0 everywhere.
(D) [V]pax = 4.50 kips; [M|e = 13.50 kip - ft.
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7.49
7.52
7.53
7.54
7.55
7.56
7.57
7.58
7.59
7.62
7.63
7.69
7.70
772
777
7.78
779
7.80
7.83
7.84
7.85

7.86

7.89
790
791

792

793

794

795

796

797

798
7.101
7.102
7.103
7.104
7.107
7.108
7.109
7110
7113
7114
715
7.116
wmz
718
7125

7127
7.128
7129
7.130
7133

1312

(a) +400 N; +160.0 N - m. (b) =200 N; +40.0 N - m
[V]inax = 7.50 kips; [M|.c = 7.20 kip - ft.

[V]mar = 165 Tb; |M] 0 = 1625 1b - in

[V]max = 800 N; [M[,c = 180.0 N + m

(a) 54.5°. (b) 675 N - m

(@) 0.311 m. (b) 193.0 N - m

(a) 1.236. (b) 0.1180wa>.

a = 0.207L

(a) 40.0 kips, (b) 40.0 kip - ft.

(a) 0.414wL; 0.0858wL>. (b) 0.250wL; 0.250wL>.
|V|mux = 2P; |M‘max = 3Pa

[V]ar = 7.20 kN; [M]0e = 5.76 kN + m.

[Vlnax = 720 N; [M],, = 1640 N - m

[V]max = 60.0 kN; |M|,0e = 72.0 kN - m

(b) 9.00 kN - m, 1.700 m from A.

)

) 45.0 kip - ft, 12.00 ft from A.

) 12.00 kip - ft, 6.00 ft from A.

) 40.5 kN - m, 1.800 m from A.

) 60.5 kN - m, 2.20 m from A.

)V = (w,/6L)(3x* — 6Lx + 2L7%);

M = (w,/6L)(x* — 3La* + 2L%).

(b) 0.0642w,L>, at x = 0.423L.

(a) V = (w, /3L><2x2 — 3Lx + L%,

M = u,o/lsL )(4x> — 9Lx® + 6L% — L.

(b) woL*/72, at x = L/2.
(@) P = 4.00 kN |; Q = 6.00 kN L. () Mg = —900N - m
(@) P=250kN |;Q=750kN|. () Mc = —900 N + m
(a) P = 1.350 kips |; Q = 0.450 kips | .
(b) Viyax = 2.70 kips at A; M,,,, = 6.345 kip - ft,
5.40 ft from A.
(a) P = 0.540 kips |; Q = 1.860 kips | .
(D) |V|max = 3.14 kips at B; M., = 6.997 kip - ft,

6.88 ft from A.
(@) 228 m. (b) D, = 13.67 kN —; D, = 7.80 kN 1.
(c) 15.94 kN.
(a) 1.959 m. (b) 2.48 m.
(a) 838 1b = 17.4°. (b) 971 Ib £ 34.5°.
(a) 2670 1b 27 2.10°. (b) 2810 Ib « 18.6°.
(a) dg = 1.733 m; dpp = 4.20 m. (b) 21.5 kN < 3.81°.
(a) 2.80 m. (b) A = 32.0 kN = 38.7% E
(a) 48.0 1b. (b) 10.00 ft.
(a) 12.50 ft. (b) 5.00 ft.
196.2 N.
157.0 N.
(a) 138.1 m. (b) 602 N.
(@) 675 m. (b) Typ = 615 N; Ty = 600 N.
(a) 56,400 kips. (b) 4280 ft.
(a) 50,200 klpﬂ (b) 3580 ft.
(@) V3LAJS. (b) 12.25 ft.
3.75 ft.
(a) 58900 ](IPS (b) 29.2°.
(a) 16.00 ft to the left of B. (b) 2000 Ib.
(a) 5880 N. (b) 0.873 m.
(a) 6860 N. (b) 31.0°.
y = h[1 — cos(mx/L)]; Ty = woL?/hw?;
Toax = (woL/m) V(L /IP7") + 1.
(a) 26.7 m. (b) 70.3 kg.
199.5 ft
(a) 164.8 m. (b) 4290 N.
330 ft; 625 1b.
(a) 5.89 m. (b) 10.89 N —.

= 25.0 kN —.

7134
7135
7.136
7139
7.140
7141
7.142
7.143
7144
7147
7.148
7.151
7.152
7153
7154

7155
7.156

7157
7.159
7.160
7.162
7.164

7C1

7.C3
7.C4
7.C8

10.05 ft.
(a) 30.2 m. (b) 56.6 kg,

(a) 56.3 ft. (b) 2.36 Ib/ft.

3L.8 N.

29.8 N.

(@) a = 79.0 ft; b = 60.0 ft. (b) 103.9 ft.

(a) a = 65.8 ft; b = 50.0 ft. (b) = 86.6 ft.
119.1 N —.

177.6 N —.

3.50 ft.

5.71 ft.

0.394 m and 10.97 m.

0.1408.

(a) 0.338. (b) 56.5° 0.755wL.

(a) 1500 N. (b) (On AB]) F = 1324 N 1;
V=706 N« M=229N - -mH.

(On B)) F
1) On AC) F =V =0; M =4501b - ft\.

) (On AC) F =2501bv; V=0;,M=4501b - ft .
) 90.0 1b. ( )QOOIb-in

)

a) 1229 1b. (b) 11.00 ft.
a) 2770 N. (b) 75.14 m.
a) Mp = +39.8 kN -

) My, = +1800 Ib -
a=1923m; M, = 3/,() kN - m at 4.64 m from A.
(b) My = 5.42 kip « ft when x = 8.5 ft and 11.5 ft.
¢/L = 0.300: h/L = 0.5225; s,5/L = 1.532;

Ty/wL = 0.300; T, /il = 0.823.

(i

(

(i

(i

(a) 12 00 klp ft at C. (h) 6.25 kip - ft, 2.50 ft from A.
(i

(i

( n. (b) Mp = +14.00 kip - ft.

(i

CHAPTER 8

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.9
8.1
8.12
8.15
8.16
8.17
8.18
8.19
8.20
8.21
8.23
8.25
8.26
8.27
8.28

8.29

8.30
8.31
8.34
8.36
8.37

Equilibrium; F = 34.5 1b .
Block moves; F = 55.7 b \.
Equilibrium; F = 48.3 N \.
Block moves; F = 103.5 N \..
225 N = P = 479 N.

143.0 N = P = 483 N.

(a) 105.8 N. (b) 46.0°.

(a) 403 N. (b) 229 N.

(a) 353 N «. (b) 196.2 N «.
(@) 275 N «. (b) 196.2 N «.
(a) 36.0 Ib —. (b) 30.0 Ib. (c) 12.86 1b —.
(a) 36.0 Ib —. (b) 40.0 in.

M = Wry(1 + p)/(1 + wd).
(a) 0.300Wr. (b) 0.349Wr.
151.5N - m

1.473 kN.

0.208.

(a) 136.4°. (b) 0.928W.

0.750.

0.860.

13291b .

(a) 112.5 N. (b) 8.81 mm.

3.46 = % = 13.63.

(a) Plate in equilibrium. (b) Plate moves downward.
10.001b < P < 36.7 Ib.

135.0 Ib.

168.4 N = P = 308 N.

938N - m=M=1501N-m

F=250NYN;V=1200N /M = 120.0 N - m\.



8.38
8.39
8.41
8.42

8.43
8.44
8.45
8.46
8.47
8.48
8.49
8.52
8.53
8.54
8.55
8.56
8.57
8.60
8.61
8.62
8.63
8.64
8.65
8.69
8.70
8.72
8.73
8.75
8.76
8.77
8.78
8.79
8.80
8.82
8.85
8.86
8.87
8.88
8.90
8.91
8.96
8.97
8.98
8.99
8.100
8.101
8.102
8.103
8.104
8.107
8.108
8.109
8.110
8.1
8.112
8.115
8.116
8.117
8.120
8.121
8.122

—46.8 N = P = 34.3 N.

(b) 2.69 Ib.

0.0949.

(a) System slides; P = 62.8 N.

(b) System rotates about B; P = 73.2 N.
35.8°.

20.5°,

1.225W.

(@) P =56.61b <. (b) B, = 82.61b < B, = 96.0Ib l.
(@P=2141b—. (b) B, = 122.21b < B, = 96.0 b l.

P =2080 N |.

P = 1966 N |.

(a) 62.7 1b. (b) 62.7 1b.
9.86 kN «.

913 N «.

(a) 28.1°. (b) 728 N £ 14.04°.
29.9 Ib.

67.4 N.

(b) 283 N .

0.442.

(a) 90.0 1b. (b) Base moves.
(a) 89.4 1b. (b) Base does not move.
0.1103.

0.1013.

1068 N - m.

418 N - m.

169.7 1b - in

32.71b - in

0.0980.

450 N.

412 N.

344 N.

376 N.

0.226.

Tyy = 775 b Tep = 72.5 Ib; Ty = 67.8 Ib.

22.0 b «.

1.9481b | .

18.01 Ib «.

(a) 4.80 kN. (b) 1.375°.

3.75 Ib.

0.1670.

154.4 N.

0.0600 in.

10.87 1b.

(a) 1.288 kN. (b) 1.058 kN.

300 mm.

(a) 0.329. (b) 2.67 turns.

(a) 22.8 kg. (b) 291 N.

(a) 109.7 kg, (b) 828 N.

73.01b = P = 1233 Ib.

35.1N-m

(a) 27.0 N - m (b) 675 N.

(@) 39.0 N - m. (b) 844 N.

4211b - in

301 1b - in

449N - m .

4.49 in.

(a) 11.66 kg. (b) 38.6 kg. (c) 34.4 kg.
(a) 946 kg, (b) 1672 kg, () 121.0 kg,
(@) 10.39 1b. (b) 58.5 1b.

(a) and ) 28.9 1b.
5.9

8.123
8.124
8.125
8.126
8.131
8.132
8.133
8.135
8.136
8.138
8.139
8.140
8.142
8.C1
8.C2
8.C3
8.C4
8.C5
8.C6
8.C7
8.C8

9.1
9.2
9.3
9.4
9.6
9.7
9.9
9.10
9.11
9.12
9.15
9.16
9.17
9.18
9.21
9.22
9.23

9.24 (b)

9.25
9.28
9.31
9.32
9.33
9.34
9.37
9.38
9.39
9.41
9.42
9.43
9.44
9.45
9.46
9.49

9.50

9.56 N.
(@) 30.31b -in . () 3.78 b | .

(a) 17.231b - in ). (b) 2.151b 1.

0.350.

(@) 51.0 N - m. (b) 875 N.

(a) 170.5 N. (b) 14.04°.

53.5°.

6.35 < L/a = 10.81.

0.0533.

0.225.

(@) 620 N «. (b) B, = 1390 N «; By = 1050 N | .

(@) and (b) 50.4 1b.
(@) 0.238. (b) 218 N |.

x = 500 mm: 63.3 N; P, .« = 67.8 N at x = 355 mm.

Wy =10 1b: 0 = 46.4% Wy = 70 Ib: § = 21.3°,
wa = 0.25: M = 0.0603 N - m.

0=230% 133N -m=M,=<223N-m
0=60%P=16401b |;R = 5.14 1b.

0 =20°10.39N - m

0 = 20° 30.3 Ib; 13.25 Ib.

(@) xo = 0.600L; x,, = 0.604L; 6, = 5.06°. (b) 0, = 55.4°.

CHAPTER 9

b3h/12.

3a/2.

24°b/15.

ha®/5.

a'/8.

2ab%/7.

ab®/15.

0.1056ab°.

ab®/15.

24°b/21.

ab®/10; b/\/5.

3ab®/35; b\/9/35.

a’b/6; a/ V3.

3a°b/35; a\/9/35.

20a*; 1.826a.

43a*/48; 0.773a.
(m/2)(R3 — RY); (w/4)(R3 — RY).

for t/R,, = 1, —10.56%; for t/R,, = 3, —2.99%,
for t/R,, = 15, —0.1250%.

64a*/15; 1.265a.

bh(12h*> + b%)/48; V (12h* + b*)/24.
390 X 10° mm*; 21.9 mm.

46.0 in*; 1.599 in.

64.3 X 10> mm*; 8.87 mm.

46.5 in*; 1.607 in.

I =950 % 10° mm*; dy = 60.0 mm.

A = 6600 mm%: I = 3.72 X 10° mm*.
150.0 in*; I, = 300 in.

1.874 X 106/mm 1, =582 % 10° mm
48.9 X 10° mm* 1 = 8.35 X 10° mm*
191.3 in*; I = 7521n

= 18.13 in*; 1 —451111

) 80.9 X 10° mm (h) 574 X 10° mm™.
a) 12.16 X 10° mm™. (b) 9.73 X 10°® mm™.

I.T
L
f.\'
ix
I,
a

a
I, =

k, = 37.6 mm.

=260 X 10° mm*; k, = 144.6 mm; I, = 17.53 X 10° mm*;

I =254 in'; k, = 4.00 in.; I =102.1 in*; k = 2.54 in.
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9.51 I, =255 X 10° mm* k, = 134.1 mm; I, = 100.0 X 10° mm’; 9133 () 2.30 in. (b) 206 X 1071 - ft - 5% 2,27 in.
050 ];O; 83.9 mm. 9.134 (a) mpl?| 6a t@—’l’ + 27“ + 1) + %} () 0.1851
953 I,=3. 55 X 10° mm 1,/ = 49.8 X 10° mm’ 9.135 I, =26 X 107° kg %1,=382x10°kg - m
9.55 I, =745 X 10° mm* I, = 91.3 X 10° mm*. L=1755x107° kg n?
9.57 3mr/16. 9.136 I, =175.5 X 1073 kg - m2 I, = 309 X 1073 kg - m>
9.58 37h/16. 1= 1544 X 10~° kg - m?
9.59 15h/14. 9137 I, =745 X 107 °1b - ft - sz, I,=896 x 107°1Ib - ft -
9.60 4h/7. I.=304 X 107%1b - ft - %
9.63 5a/8. 9.138 I, =344 X 10 °1b - ft - %1, = 1321 X 10 °1b - ft - %
9.64 80.0 mm. =453 X10°%1b - ft-s%
9.67 a'/2. 9141 (a) 13.99 X 10 kg - m*. (b) 20.6 X 10~* kg - m*
9.68 a’b*/12. (€) 14.30 x 10*3 kg -m?,
9.69 —b*h?/8. 9.142 0.17851b - ft -
9.71 —1.760 x 10° mm". 9144 I, =381 x 10 kg m?% k, = 110.7 mm.
9.72 —21.6 X 10° mm". 9.145 (a) 26.4 X 10~° kg - m”. (b) 312 X 10 kg - m
9.74 —0.380 in®. (¢) 8.58 X 10 ° kg - m2
9.75 471 X 10° mm®. 9.147 I, =0.03921b - ft - s I, = 0.0363 b - ft - 5%
9.76 —9010 in. L. =0.03041b - ft - s>
9.78 1.165 X 10° mm®. 9.148 I, = 0.323kg - m* I, = I. = 0.419 kg - m*
9.79 ()1, = 04824%1, = 1.4824"1,, = —0.5894". 9.149 I, =250 X 10 kg - mz; I,.=4.06X10 kg - m’
() I, = 1.1204* 1 = o 843(1 i Ly = 0.7604". L, =881 X 10" kg - m®
9.80 i 103.5 X 10° mm®; I, = 97.9 % 10° mm’; 9.150 I, =2.44 X 10 kg - m* X 1j. = 1415 X 10 kg - m*;
Iy, = —38.3 X 10° mm* L, =459 %10 kg - m?
9.81 i 1033 1n 1, = — 2020 in'; Ly, = =873 in’. 9151 I, =538 X 10 °1b - ft - & I, = 1714 X 10 °1b - ft - &%
9.83 I, = 0.236in* I, = 1.244 in*; I,,, = 01132 in*, L,=1120 X 10°°1b - ft - s
9.85 20 22, 1.754a", 0.209a" ' 9.152 I, = —1726 X 107 b - ft - s I,. = 0.507 X 10 Ib - ft - 5%
9.86 —17.11° 139.1 X 10° mm4, 62.3 X 10° mm*, L,=-212X10"1b- ft - s*
9.87 29.7° 2530 in*, 524 in®, 9.155 I, = —8.04 X 10> kg - m* I, = 12.90 X 10 kg - m®
9.89 —23.7° and 66. 3° 1.257 in*, 0.224 in* L,=940 X107 kg - m*
991 (a) I, = 0.482d" I, = 14SZa Ly, = —0.589q". 9.156 I, =0;1, =483 X 1076 kg “m
gb) = 1.120a% I, = 0 843a 1\,/ = 0760a IL,= —4. 43 % 107 kg - m®
992 I, = 103 5 X 106 mm?; / =979 % 10° mm* 9157 I, = wa (1 —5m/g 1. = 117710(13/g;
I, = —38.3 >< 10% mm*. L, = 4wd’(1 + 2m)g.
9.93 1: 1033 in*; I, = 2020 in* I,,, = —873 in*. 9.158 I, = —llwa®/g; I,. = wa*(w + 6)/2g; L, = —wa’/4g.
995 I, = 0.236in" 1 = 1.244 in* I, = 0.1132 in*, 9.159 I, =479 X 10 kg - m* I,. = 102.1 X 10"° kg - m*;
997 20.2°% 1.754a", 0.2094" L, =641 X 10" kg - m®.
998 —17.11°% 139.1 X 10° mm*, 62.3 X 10° mm". 9.160 1\,,/ =-m Rl/2 I, = m'RY/2 L, = —m'R3/2.
9.99 —33.4%22.1 X 10%in*, 2490 in*, 9.162 () mac/20. (b) I, = mab/20; I,. = mbc/20.
9.100 29.7° 2530 in*, 524 in*. 9.165 18.17 X 10 ° kg - m*
9103 (a) —1.146 in". (b) 29.1° clockwise. (¢) 3.39 in". 9.166 11.81 X 10° kg - m?
9.104 23.8° clockwise; 0.524 X 10° mm*, 0.0917 X 10° mm*. 9.167 5Wa’/18g.
9.105 19.54° counterclockwise; 4.34 X 10° mm?, 0.647 X 10° mm*. 9.168 4.417ta4/g.
9.106 (a) 25.3° (b) 1459 m’ 40.5 in*. 9.169 281 X 10 °kg - m
9.107 (a) 88.0 X 106 mm* (b) 96.3 X 10° mm*, 39.7 X 10° mm™, 9170 0.354 kg - m*.
Q.11 (a) m(r? + 1"2 V/4. (b) m(ry + r3)/2. 9173 (a) b/a = 2:c/a = 2. (b) b/a = 1;c/a = 0.5.
9.112 (a) 0.0699ma>. (h) 0.'3201)1(12. 9.174 (a) 2. (b) V2/3.
9.113 (a) 25mr2/64 ) 0.1522mr3. 9.175 (a) 1/V3. (b) VT/12.
9.114 (o) mb*/7. (b) m( 7(1 + 10b%)/70. 9.179 (1) K, = 0.363ma’ K, = 1.583ma® Ky = 1.720ma’.
9.115 (a) ma®/3. (b) 3ma’/2. (b) (01 = (0, = 49.7°, (6, = 113.75
9.116 (a) Tma®/6. (b) ma*/2. (6,), = 45.0° (6,); = 90. 0° (0.), = 135.0%
9.119 1.32 9mh 0 = (05 = 73, 5° (0,); = 23.7°.
9.120 m(3a> + L*? /12 9.180 (a) K; = 14.30 X 107' kg - m’
9121 (a) 0.241mh> (b) m(3a* + 0.1204h%). Ky = 13.96 X 10 > kg - m? K3 =20.6 X 10 kg - 1
9.122 m(b* + h?)/10. (b) (01 = (6,1 = 90.0°, (9)1 =0;
9.124 m(a* + b))/5. 6, = 342° (6,)2 = 86.6°, (6.); = 90.0°.
9.125 1_1. =1, = ma’/4; L = ma*/2. (6,5 = 93.4°, (6,); = 3.43°, (6.); = 90.0°.
9127 837 x 10 * kg - m*% 6. 92 mm. 9.182 (a) K; = 0.1639Wa’/g; K, = 1.054Wa’/g; Ky = 1.115Wa’/g.
9.128 1.160 X 10 °1b - ft % 0.341 in. (b) (0 = 36.7° (8, = TL6°, (6. = 59.5%
9.129 m(3a> + 2h%)/6. (0,); = T4.9°, (0,)y = 54.5°, (0.); = 140.5°
9.131 (a) 27.5 mm to the right of A. (b) 32.0 mm. (0,)5 = 57.5°, (6 )3 = 138.8°, (0.); = 112.4°.
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9.183

9.185
9.187
9.188
9.189
9.190
9.191
9.193
9.195

9.C1

9.C3

9.C5
9.Cé6

| = 2.26yta'/g; Ky = 17.27yta"/g; K5 = 19.08yta’/g.

(@) K

(b) 0, = 85.0°, (8, = 36.8° (6.); = 53.7%

(0); = 8L7°, (6,); = 54.7°, (0.), = 143.4%

0,)5 = 9.70° (9,) = 99.0°, (6.); = 86.3°.

I = abg/ZS, 1, = a°h/20.

4a*b/15 a/V5.

I, = 4a% I, = 16a4/3

(a) 3.13 X 10r mm* (b) 2.41 X 10° mm™.

I, = 634 X 10" mm*; I, = 38.0 X 10® mm".
= —2.81 in*. '
) Tma*/18. (b) 0. 8]9m(1O

20° I, = 1420111,11 =315 in®, 1\3/
=371 X 10’ mm*, I, = 64.3 X 10
= 21 3 mm, k, = 8.87 mm. (b) I, = 40.4 in’,
=46.5 in* k, = 1.499 in., k, = 1.607 in.
(c )k = 2.53in., k = 1.583 in. (d) k, = 1.904 in.,
k, = 0.950 in.

(@) 5.99 X 10 % kg - 1

»
£

NN

m% (b) 774 X 10 % kg - m*

(a) 740 X 107 1b - ft s> (b) 645 X 10°°1b - ft - s>
(

) 208 X 10°1b - ft -

CHAPTER 10

10.1

10.2

10.3

10.4

10.7

10.8

10.9
10.10
10.11
10.12
10.15
10.16
10.17
10.18
10.21
10.22
10.24
10.25
10.26
10.28
10.30
10.31
10.32
10.33
10.35
10.36
10.37
10.38
10.39
10.40
10.43
10.44
10.45
10.46
10.47
10.49

825N |.

120 Ib —.

495N - m ).

1200 1b - in. .

(@) 60.0 N C, 8.00 mm |. (b)
(@) 120.0 N C, 16.00 mm |. (b
Q = 2P sin 6/cos (0/2).

Q = 2P cos 0/cos (0/2).

Q = (3P/2) tan 0

Q= Pl(/a)cos® 6 — 1].

M = 3WI tan a sin 6.

M = Pl/2 tan 0.

M = TPa cos 0

(@) M = Pl sin 20. (b) M = 3Pl cos 6. (c) M = Pl sin 6.

85.21b - ft ).
22.8 1b & 70.0°.
36.4°.
38.7°.
68.0°.
19.81° and 51.9°.
25.0°.

9.7° and 69.0°.
52.2°.
40.2°.
22.6°.
51.1°.
52.4°.
19.40°.
59.0°.
78.7°, 324°, 379°.
12.03 kN \i.
20.4°.
2370 1b \.
2550 Ib \.
n=1/1+ ucot a)
37.6 N, 31.6 N.

I,

(

I, =0.877kg - m> i 1, —198‘7kg m?% I, =1652kg -1
0= =—3931n
(

300 N C, 40.0 mm | .
) 300 N C, 40.0 mm | .

10.51
10.52
10.53
10.54
10.57
10.58
10.66
10.67
10.69

10.70

10.71
10.72
10.73
10.74
10.78
10.79
10.80
10.81
10.83
10.85
10.86
10.88
10.90
10.91
10.92
10.93
10.94
10.96
10.98
10.100
10.101
10.102
10.104
10.106
10.107
10.108
10.110
10.112
10.C1

10.C2
10.C3
10.C4
10.C5
10.C6

10.C7

300N -m,81.8 N -m

n = tan O/tan (0 + ¢,).

775 kN 1.

H = 1361 kN1; My =550 N -m}).
0.833 in. | .

0.625 in. —.

19.40°.

Equilibrium is neutral.

6 = 0 and 6 = 180.0°, unstable;

0 = 75.5° and 6 = 284°, stable.

0 = 90.0° and 6 = 270° unstable;

6 = 22.0° and 0 = 158.0°, stable.

0 = —45.0°, unstable; § = 135.0°, stable.
6 = —63.4°, unstable; 0 = 116.6°, stable.
59.0°, stable.

78.7°, stable; 324°, unstable; 379°, stable.
9.39° and 90.0°, stable; 34.2°, unstable.
357 mm.

252 mm.

17.11°, stable; 72.9°, unstable.

49.1°.

54.8°.

37.4°.

16.88 m.

k > 6.94 Ib/in.

15.00 in.

P < 2kL/9.

P < kL/1S.

P <k — a)*/2L

P < 160.0 N.

P < 764 N.

(a) P < 10.00 Ib. (b) P < 20.0 1b.
60.01b|.

600 1Th - in. ).

(a) 20.0 N. (b) 105.0 N.

39.2°,

60.4°.

7.13 in.

(a) 0, unstable. (b) 137.8°, stable.

(a) 22.0°. (b) 30.6°.

6 = 60°2.42in.; 6 = 120° 1.732 in.;
(M/P),0x = 2.52 in. at = 73.7°.

0 = 60° 171.1 N C. For 32.5° = 6§ = 134.3°, |F| = 400 N.

6 = 60° 296 N T. For = 125.7°, |[F| = 400 N.

(b) 0 = 60°, datum at C: V = —294 in - Ib.
¢) 34.2°, stable; 90°, unstable; 145.8°, stable

6 = 60°, datum at B: 30.0 J.
0 = 0, unstable; 41.4°, stable.
b) 0 = 60°, datum at 6 = 0: =37.0 ]. (c

()
(b)
(c) 6 = 0, unstable; 30.4°.
(b)
()
(b)

CHAPTER 11

1.1
1n.2
1n.3
1.4
1.5
1.6
1.9

—66.0 m, 149.0 m/s, 228 m/s>.

3.00 m, —=7.00 m/s.

3.00 s, —=59.5 ft, 25.0 ft/s>.

248 in., 72.0 in./s, —383 in./s>.

0.667 s, 0.259 m, —8.56 m/s.

(a) 1.000 s and 4.00 s. (b) 1.500 m, 24.5 m.
(a) 4.00 s. (b) —=56.0 m/s, 260 m.

¢) 52.2°, stable.

6 = 50°, datum at E: V = 100.5 ]. dV/d6 = 22.9 ].
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11.10
1nn
11.12

11.15
11.16
117
11.18
11.21
11.22
11.23
11.24
11.25
11.26
1.27
11.28
11.31
11.33
11.34
11.35
11.36
11.39
11.40

11.41
11.42
11.43
1.44
11.46
11.47
11.48
11.49
11.50
11.53

11.54
11.55
11.56

11.57
11.58
11.61

11.62
11.63

11.64
11.65
11.66
11.67
11.69
11.70
1n.71
11.72
1.73
11.74

1316

x =t'/108 + 10t + 24, v = 3/27 + 10.
—33.0 in./s, 2.00 s, 87.7 in.

(@) 3.00 ft/s*. (b) v = (¢* — 32) ft/s,

x = (t'/4 — 32t + 64) ft.

(a) 5.89 ft/s. (b) 1.772 ft.

—36.8 ft*, 1.832 s>

(a) 0.0900 s2. (b) +16.97 mm/s.

(a) 48.0 m®/s>. (b) 21.6 m. (c) 4.90 m/s.
(a) 22.5 m. (b) 38.4 m/s.

(@) 29.3 m/s. (b) 0.947 s.

(a) 50.0 in. (b) . (c) 0.866 s.

3.33 ft/s.

(@) 0.1457 s/m. (b) 145.2 m. (c) 6.86 m/s.
(@) 3.33 m. (b)2225 (c) 1.667 s.

(@) 7.15 mi. (b) —2. 15 X 1070 ft/s% (c) 49.9 min.
(a) —0.0525 m/s>. (b) 6.17 s.

(a) 2.36 v,T, 7TL0/T ) 0.363 vy

(a) 1.500 m/s ) 10. ()() S.

(a) 25.0 m/s. (b 19 00 m/s. (c
(a) 2.71 s. (b) 504 mi/h.

(@) 252 ft/s. (b) 1076 ft.

(a) 0.500 km. (b) 42.9 kln/h
(a) —2.10 m/s%, 2.06 m/s>.
exchange zone.

) 36.8 m.

b) 2.59 s before A reaches the

(4's, —6 ft/s, —45 ft), (10 s, 30 ft/s, 24 ft), (20 s, —20 ft/s,
74 ft). (b) 12 ft/s, 74 ft, 176 ft., 20.0 ft/s

See Prob. 11.61 for plots. (@) 30.0 ft/s. (b) 30 ft/s, 114 ft.
(@0<t<10s,a=0;10s <t <26s,a=—5ft/s%
Ws<t<4ls,a=04ls<t<46s a = 3ft/s%
t>46s,a =0;x = =540 ftatt = 0,x = 60 ftatt = 10 s,
x =380 ftatt = 26s,x =80 ftatt =41 s,x = 17.5 ft at
t=46s,x =
(@) Same as Prob. 11.63. (b) 420 ft. (¢) 10.69 s, 40.0 s.
(a) 44.8 s. (b) 103.3 m/s> 1.

207 mm/s

(a) 10.5 s. (b) v-t and x-t curves.

3.96 m/s>.

(@) 0.600 s. (b) 0.200 m/s, 2
9.39 s.

8.54 s, 58.3 mi/h.

1.525 s.

(@) 50.0 m/s, 1194 m. (b) 59.25 m/s.

.84 m.

(a) 15.05 s, 134 ft. (b) 42.5 mi/h, 23.7 mi/h.

(a) 5.50 ft/s* (b) 9.25 ft/s>

(a) 3.00 s. (b) 4 00 ft/s>.

(a) —0.250 m/s>, 0.300 m/s" ) 20.8 s. (¢) 85.5 km/h.

(a) 17.36 ft/s*> Z, ‘3 47 ft/s* /. (b) 20.1 ft. (c) 9.64 ft/s.

(@) 2.00 m/s T b) 2.00 m/s l 2) 8.00 m/s 1.

(a) 20.0 m/s* —, 6 67 m/s* . ( 13 33m/s |, 13.33m .
(a) 30.0 ft/s 1. (b) 15.00 ft/s T 45 0 ft/s 1. (d) 30.0 ft/s 1.
(a) 2.40 ft/s* 1, 4 8() ft/s2 | ( 12 00 ft/s 7.

(@) 200 mm/s —. (b) 600 mm/s —. (c) 200 mm/s <.

(d) 400 mm/s —.

(@) 13.33 mm/s> <, 20.0 mm/s> <. (b) 13.33 mm/s> —.
(c) 70.0 mm/s —, 440 mm —.

(@) 10.00 mm/s —, (b) 6.00 mm/s* —, 2.00 mm/s> 1.

(¢) 175 mm 1.

(a) 240 mm/s* |, 345 mm/s> 1. (b) 130 mm/s —, 43.3 mm/s 1.
(c) 728 mm —.

(a) 2.00 in. /s 1, 3.00 111/9 L. (b) 0.667 s. (c) 0.667 in. 1.
(@) 1 — 6t%)/4 in./s>. (b) 9.06 in.

(a) Corresponding valucs of (t, v, x) are (0, —18 ft/s, 0

—2.5 ftatt = 50s. (b) 1383 ft. (¢) 9.00 s, 49.5 s.

1.77
11.78
11.79
11.80
11.83
11.84
11.86
11.89

11.90
191

11.92

11.95

11.96

11.97

11.98

11.99
11.100
11.101
11.102
11.103
11.104
11.105
11.106
11.107
11.108
1.1m
11.112
.13
11.115
nnz
11.118
11.119
11.120

11.123
11.124
11.125
11.126
11.127
11.128
11.129
11.130
11.133
11.134
11.135
11.136
1.137
11.138
11.139
11.141
11.143
11.144
11.145
11.146
11.147
11.148
11.151

18.00 s. (b) 178.8 m, (¢) 34.7 km/h.
3.75 m.

a) 8.60 mm/s <5 35.5°, 17.20 mm/s> £ 35.5°.

b) 33.4 mm/s £ 8.6° 39.3 mm/s> 7 14.7°.

a) 0, 159.1 m/s*> = 82.9°. (b) 6.28 m/s —, 157.9 m/s” | .
(@) 5.37Tm/s. (b)t = 2.80s,x = =7.56 m, y = 5.52 m,

v = 5.37 m/s* & 63.4°.

(@) 2.00 in./s, 6.00 in./s. (b) For v, t = 2N s, x = 8N7r in.,
y = 2in,v=200in/s — or 2.00 in./s <.

For vy, t = 2N + D7 s, x = 42N + D)7,y = 6in,,

v = 6.00 in./s — or 6.00 in./s <.

\/RZ(] + w2t?) + Rw,,\/4 + it

(a) 3.00 ft/s, 3.61 ft/s>. (b) 3.82 s.

353 m.

(a) 15.50 m/s. (b) 5.12 m.

15.38 ft/s = v, =< 35.0 ft/s.

(@) 70.4 mi/h = v, = 89.4 mi/h. (b) 6.89°, 4.29°.

(@) 2.87 m > 2.43 m. (b) 7.01 m from the net.

0.244m = h = 0.386 m.

726 ft or 242 yd.

0=d=1737 1t

23.8 ft/s.

(a) 29.8 ft/s. (b) 29.6 ft/s.

10.64 m/s = v, =< 14.48 m/s.

0.678 m/s = vy = 1.211 m/s.

(a) 4.90°. (b) 963 ft. (c) 16.24 s.

(a) 14.66°. (b) 0.1074 s.

(a) 10.38°. (b) 9.74°.

(a) 45.0°, 6.52 m. (b) 58.2°, 5.84 m.

(a) 1.540 m/s 2 38.6°. (b) 1.503 m/s 7 58.3°.

5.05 m/s = 55.8°
1.737 knots <5 18.41°.
(@) 2.67 mi/h 2 12.97
(c) 65 m <G 40°.

(a) 8.53 in./s == 54.1°. (b) 6.40 in,/s2 = 54,10
(@) 701 in./s 2 60°. (b) 11.69 in./s*  60.6°.
(a) 0.835 mm/s> = 75°. (b) 8.35 mm/s = 75°.
(@) 0.958 m/s> <5 23.6°. (b) 1.917 m/s G 23.6°.
10.54 ft/s 2 81.3°.

(a) 5.18 ft/s = 15° (b) 1.232 ft/s = 15°.
17.49 km/h £ 59.0°.

15.79 km/h <% 26.0°.

28.0 m/s.

(a) 250 m. (b) 82.9 km/h.

1815 ft.

59.9 mi/h.

(@) 20.0 mm/s>. (b) 26.8 mm/s>.

(a) 178.9 m. (b) 1.118 m/s>.

2.53 ft/s%

15.95 ft/s>.

(a) 281 m. (b) 209 m.

(a) 7.99 m/s 2 40°. (b) 3.82 m.

(a) 6.75 ft. (b) 0.1170 ft.

(a) 1.739 ft. (b) 27.9 ft.

P = U}%/QUA-

18.17 m/s £ 4.04° and 18.17 m/s <% 4.04°.
(R* + ¢)/2w,R.

°. (b) 258 mi/h £ 76.4°.



11.152
11153
11.154
11.155
11.156
11.157
11.158
11161
11.162
11.163
11.165

11.166
11.169
11.170
11171
11.172
1.175
11.176
11.180
11181

11.182
11.184
11.185
11.186
11187 v

11189
11.190
11.193

2.50 ft.
25.8 X 10° km/h.
12.56 X 10° km/h.
153.3 X 10° km/h.
92.9 X 10° mi.
885 % 10° mi.
1.606 h.
(a) 37h ey, —4mb e,. b) 6 =2N7, N =0,1,2, .. ..
a) 2bw, 4bw®. (b) p = b, a circle.
a) — (67 in./sY)e,, (80 7 in./s?)e,. (b) O
) 27 m/s)ey, (477'2 m/sYe
) —(7/2 m/s)e, + (7 m/s e(, (7*/2 m/sYe
(a) 2abt, 2ab’\V/ 1 + 4b**. (b) p = al urde)
d tan B sec B/(tan B cos 9 — sin 0)%.
v cos B (tan B cos 6 + sin 6)?/h.

(
(
(a
b

e, — (m* m/s))ey

185.7 km/h.

61.8 mi/h, 49.7°.

be?/>)\V 4 + 6.

(1 + bZ) 2 hG

tan '[RQ2 + wit))/c V4 + o¥t?]

(a) 6, = 90°, 0, = 123.7°,
) = 134.3%, 6. = 47.4°
(a) 1.00 s, 4.00 s. (b) 1. 5() m, 24.5 m.

(a) —2.43 X 10° ft/s>. (b) 1.366 X 1073 s

(a) 11.62 s, 69.7 ft. (b) 18.30 ft/s.

(@) 3.00 s. (b) 56.25 mm above its initial position.
vy =125 mm/s ], vy = 75 mm/s |,

ve = 175 mm/s |.

17.88 km/h < 36.4°.

2.44 ft/bi

r=120m/s, T = 348111/9 6 = —0.0900 rad/s,
6 = —0.0156 rad /s>

0. = 33.7° (b) 0, = 103.4°,

CHAPTER 12

12.1

12.2
12.3
12.5
12.6
12.7
12.8
12.9
12.10
121
12.12
12.15
12.16
12.17
12.19

12.20
12.21
12.22
12.24
12.26
12.27
12.28

(a) 4.987 1b at 0°, 5.000 Ib at 45°, 5.013 Ib at 90°. (b) 5.000 1b
at all latitudes. (c) 0.1554 1b - s?/ft at all latitudes.
(@) 3.24 N. (b) 2.00 kg.

1.300 X 10° kg - m/s.

(a) 6.67 m/s. (b) 0.0755.

(a) 225 km/h. (b) 187.1 km/h.

0.242 mi.

(a) 135.3 ft. (b) 155.8 ft.

419 N to start and 301 N during sliding.

0.414 m/s*> <5 15°.

(a) A: 2.49 m/s® —, B: 0.831 m/s> |,. (b) 74.8 N.
(a) A: 0.698 m/s> —, B: 0.233 m/s*> |. (b) 79.8 N.
(a) 0.986 m/s> = 25°. (b) 51.7 N.

(a) 1.794 m/s* = 25°. (b) 58.2 N.

(a) 0.997 ft/s> £ 15°, 1.619 ft/s*> 1 15°.

System I: (a) 10.73 ft/s. (b) 14.65 ft/s. (c) 1.864 s.
System 2: (a) 16.10 ft/s*. (b) 17.94 ft/s. (c) 1.242s.
System 3: (a) 0.749 ft/s>. (b) 3.87 ft/s. (c) 26.7 s.
(a) 1.962 m/s> 1. (b) 39.1 N.

(a) 6.63 m/s> —. (b) 0.321 m —.

(a) 19.53 m/s> £ 65°. (b) 4.24 m/s> & 65°.

0.347 myo /F,.

Vk/m (VP +x3 —1).

119.5 mi/h.

(a) 33.6 N. (b) ay = 4.76 m/s> —, ay = 3.08 m/s* |,
ac = 1.401 m/s*> —.

12.29
12.30

12.31
12.36
12.37
12.38
12.40
12.42
12.43
12.44
12.45
12.46
12.47
12.48
12.49
12.50
12.51
12.53
12.55
12.56
12.57

12.58

12.61

12.62

12.64
12.65
12.66

12.67
12.68

12.69
12.70
12.71

12.76
12.79
12.80
12.81
12.82
12.84
12.86
12.87
12.88
12.89
12.90
12.91
12.98
12.99
12.103
12.104
12.105
12.108
12.109
12.110

(a) 36.0N. (b) ay = 5.23 m/s> —, ay = 2.62 m/s> |. ac = 0.
(@) ay = ay = ap = 276 ft/s* |, ac = 11.04 ft/s* 1.
(b) 18.80 Ib.

(a) 24.2 ft/s |. (b) 17.25 ft/s 1.

(a) 80.4 N. (b) 2.30 m/s.

(a) 49.9°. (b) 6.85 N.

8.25 ft/s.

277 m/s < v < 4.36 m/s.

9.00 ft/s < vg < 12.31 ft/s.

2.42 ft/s < v < 13.85 ft/s.

(a) 131.7 N. (b) 88.4 N.

(a) 553 N. (b) 659 N.

(a) 668 ft. (b) 120.0 1b1.

(a) 6.95 ft/s> <5 20°. (b) 8.87 ft/s> <% 20°.

(a) 2.905 N. (b) 13.09°.

1126 N = 25.6°.

24.1° = 0 = 155.9°

(a) 43.9°. (b) 0.390. (c) 78.8 km/h.

(a) 0.1858 W. (b) 10.28°.

468 mm.

2.36 m/s = v = 4.99 m/s.

(@) 0.1904, motion impending downward.

(b) 0.349, motion impending upward.

(a) Does not slide. 1.926 1b =~ 80°.

(b) Slides downward. 1.123 1b = 40°.

(@) 0.1834. (b) 10.39° for impending motion to the left.,
169.6° for lmpendmg motion to the right.

(@) 2.98 ft/s. (b) 19.29° for impending motion to the left.
160.7° for impendmg motion to the right.
1.054\eV/imo}.

1.333 /.

(@ F, = —10.73 N, F, = 0.754 N.

(b) F, = —4.44 N, F, = 1.118 N.

F. = 0.0523 N, F; = 0.432 N.

(a) F. = —1.217 Ib, F, = 0.248 1b.

h) F. = —0.618 Ib, F, = —0.0621 1b.

) m 2( ro — kt) 2. (b) me(ry — 3kt).

00

(b

(a

2.

P= (5 76 N) tan a sec’ O = 0

Q = (5.76 N) tan® 6 sec® § —

v, = vy 5111 20/ "V cos 20. vy = vy'Vcos 26.

(@) r = (g7 2R2 /47?3, (b) g =248 m/s>.

(a) 35800 km and 22240 mi. (b) 3070 m/s and 10090 ft/s.
413 X 10*' b - s2/ft.

(@) 1 hr 57 min. (b) 3380 km.

(a) 86.9 X 10* kg (b) 436000 km.

(a
(a

1) 5280 ft/s. (b) 8000 ft/s.

) 1551 m/s. (b) 15.8 m/s.
5000 m/s.
53 ft/s.
(@) AtA (ay), = 0, (ay)y = 0. (b) 1536 in./s>. (¢) 32.0 in./s.
(a) 24.0 in./s. (b) a, = —258 in./s>, ay = 0. (c ) —926 in./s.

10.42 km/s.

(@) 10.13 km/s. (b) 2.97 km/s.
(a) 26.3 X 10° ft/s. (b) 448 ft/s.
V2/(2 + a).

(a) 52.4 X 10° ft/s. (b
98.0 h.

495 h.

54.0°.

) 1318 ft/s at A, 3900 ft/s at B.

1317



12.112

12.114 cos

12.115
12.116
12.118
12.119
12.120
12.121
12.122
12.124
12.125
12.127

12,128
12.129

12,131
12,132

5.

31 X 10° km.

A =B/ = B

81.0 m/s.

(a

) 14.37°. (b) 59.8 km/s.

Show . . ..

(a) (r, — ro)/(r, + 1g). (b) 609 X 10 m
Show . . ..

Derive . . . .

267 ft.

(a
(a
(a

(c
(a
b
0,
(a

1.

) 1.656 1b. (b) 20.8 1b.

) 20.49 ft/s> 2 30°. (b) 17.75 ft/s* —.
0.454, downward. (b) 0.1796, downward.
0.218, upward.

F.= —13.16 b, F, = 2.10 Ib.

)P = 6.89 b = 70°, Q = 14.00 Ib & 40°.
= 20 sin 20, vy = v, cos 26.

)
)
)

)r = 1.250 ft, Fyy = 0. (b) r = 0.871 ft, Fyy = —2.69 Ib.

147.

CHAPTER 13

13.1
13.2
13.5
13.6
13.7
13.8
13.9
13.10
13.13
13.14
13.15

13.16

13.21
13.22
13.23
13.24
13.25
13.26
13.27
13.29
13.31
13.33
13.35
13.36
13.38
13.39
13.40
13.41
13.42
13.44
13.46
13.49
13.50
13.51
13.52
13.53
13.54
13.55

1318

(a) 585 K]. (b

4.
(a

(@) 32.8 mi/h. (b)
.05 m/s.
.99 m.

4
2

) 41.0 km/h.
54 % 10° ft - Ib.
) 69.6 mi/h. (b) 56.9 mi/h.

142.5 mi/h.

(a) 8.57 m/s £ 15°. (b) 5.30 m/s & 15°.

(a
6.

(a) 2.90 m/s. (b)

(a

) 8.70 m. (b) 4.94 m/s > 15°.

71 m.

0.893 m.

) 124.1 ft. (b) F4p = 19.38 kips (tension),

Fyc = 81.62 kips (tension).
(@) 279 ft. (b) Fap = 19.38 kips (compression),
Fpe = 8.62 kips (compression).

(a

(@) 457 7. (b

(a
(i
1
(i
(a
(i

(a
0.

a)

a) 3.29 m/s. (b)

) 2.34 m/s <. (b) 235 mm.
) Ty = 83.2 N, Ty = 60.3 N.
) 10.36 ft/s |. (b) 17.94 ft/s | .

a) 11.35 ft/s 2 23.6°. (b) 16.05 ft/s & 23.6°.
190 m/s.

2.32 ft/s. (b) 2.39 ft/s.

) 0.222 ft. (b) Block moves to the right.
1.472 m.

) 0.750 in. |. (b) 8.51 in./s ] or .

759 VpaA/m.

I = (v = v*)/2g,R,].
1515 yd.

(a
(a

) 327 mm, 98.1 N 1. (b
) V3gl. (b) V2gl.

) 30.4 mm, 104.9 N 1.

14.00°.

167.0 1b.

minimum = 167.0 Ib, maximum = 1260 Ib.
(a) 27.4°. (b) 3.81 ft.

(a
(a

) 20.2 ft - Ib/s. (b) 1187 ft - Ib/s.
) 109.0 kW, 146.2 hp. (b) 530 kW, 711 hp.

(@) 2.75 kW. (b) 3.35 kW.
14.8 kN.

(a
(a
(a
(i

a

) 3000 Ib. (b) 267 hp.

) 375 kW. (b) 5.79 km/h.

) 58.9 kW. (b) 52.9 kW.

) kiko/(ky + ka). (B) ky + k.

13.56
13.57
13.58
13.59
13.61
13.62
13.64
13.65
13.68
13.69
13.70
13.71
13.73
13.74

13.75

13.78

13.80
13.81
13.82

13.85
13.86
13.87
13.88
13.89
13.90
13.93
13.94
13.95
13.96
13.97

13.100
13.101
13.102
13.103
13.106
13.107
13.108
13.109
13.110
13.1M

13.116 (

13.118
13.119
13.120
13.121
13.122
13.123
13.124
13.126
13.127
13.129
13.130
13.131
13.132
13.134
13.135

(a) xgV kiks/m(ky + ko). (b) xgV (ki + ko) /m.
3.19 m/s — or 3.19 m/s <.

(a) 3.34 ft/s. (b) 27.7 ft/s>.

56.7 ft/s.

(a) 87.2 m/s. (b) 105.8 m/s.

(a) 1000 mm. (b) 4.42 m/s.

(a) 0.956 ft. (b) 7.85 ft/s.

(a) 43.5°. (b) 8.02 ft/s | .

0.269 m.

0.1744 m.

(a) 2.55 N. (b) 6.96 N.

(a) 8.15 N. (b) 2.94 N.

14.34 ft/s <, 1377 1b 1.

(1): (@) 7.99 m/s. (b) 5.89 N «.

2): (a) 7.67 m/s. (b) 3.92 N «.
) Loop 1: minimum ve = 3.84 m/s > 3.5 m/s.
) Loop 2: vy = 7.83 m/s.
) cot ¢ = 4.113/(12 — y).
)0, = 85.7° 6, = T1.6°, 0. = 161.1°.

)V =—In u/Q + C.

a) mka®/4. (b

a) F, = x(x* + j + 272 F, = y(x2 + yz + 23712,
F.=z(* + y* + 2. (b) a V3.
(a) 90.46 . (b) 2086 |.

57.5 M]/kg.

15.65 X 10° mi/h.

450 X 10° ft - 1b/Ib.

(@) mgR(1 — R/n). (b) ngz/Zn
(a) 33.9 M]/kg. (b) 46.4 M]/kg,
(@) 0.919 m/s. (b) 8.27 m/s.

(a) 7.35 m/s. (b) 11.02 m/s.

v, = 9.05 ft/s, vy = 9.14 ft/s.
(a) 25.3 in. (b) 7.58 ft/s.
maximum: 1.661 m, minimum: 0.338 m,
maximum: 25.6 m/s, minimum: 5.21 m/s.
14.20 km/s.

29.8 m/s.

21.8 X 10° ft?/s?
(a) 16800 ft/s. (b)
1555 m/s, 79.3°.
maximum: ry(1 + sin «), minimum: ro(1 — sin «)
68.9°.

(a) 11.32 X 10° ft/s. (b)
58.9°.

(a) 31.5 m/s. (b) 1053 m/s.

D) v Va/(1 + a) = 1,0 = Ve
(@) h = Fypin Opares Efm = 302 —
(a) 3.40s. (b) 25.5 s.

4 min 20 s.

(a) 3.11 s. (b) 1.493 s.

(@) 11.42's. (b) —(125.5 m/s)j — (194.5 m/s)k
(a) 2.49 s. (b) 12.24 s.

2.61 s.

0.260.

0.310.

(a) 14.78 s. (b) 693 1b (tension).

(a) 29.6 s. (b) 2500 1b (tension).

(a) 19.60 s. ()) 10.20 kN (compression).

(@) 3.92 m/s. (b) 39.2 N.
(a)
(a) T

(
(a
(b
(a
b
(b
(i
(i

(c) mgR(1 — R/2r).

32700 ft/s.

13.68 X 10° ft/s.

1+ a)/(2+ a).

GM/rmin'

a) 29.0 ft/s. (b) 77.3 ft/s.

a) 77.3 ft/s. (b) 5.40 s.



13.136 (a) 5.00 s. (b) 49.9 ft/s. (c) 17.88 s.
13.137 (a) 7.00 s. (b) 10.99 ft/s. (c) 13.49 s.
13.139 8.18%.

13.140 6.21 W.

13.141 642 1b.

13.142 (a) 3730 Ib. (b) 7450 1b.

13.145 (a) 1.333 km/h <. (b) 0.1888 s.

13.146 (a) A was going faster. (b) 115.2 km/h.
13.147 (a) 8.51 km/h. (b) 6.67 N.
13.148 497 ft/s.
13.149 (o) A: vo\/L‘—a/QL B: vy VL* + 3d°/2L.
(b) mvg (L? — a®)/4L>
13.150 (a) 0.618 ft/s. (b) 3.04 ft/s.
13.151 (a) 1.000 m/s 7. (b) 0.500 N - s 1.
13.152 mMu, cos 0/(m + M) —, mv, sin 0 1.
13.154 76.9 Ib.
13.155 (a) v} = 0.363 m/s «<—, v = 2.44 m/s —. (b
13.157 0.800.
13.158 (a) v, = 10.38 ft/s —, vj; = 7.38 ft/s —. (b) 0.0611 ft - b.
13.159 A: 1.013 m/s <, B: 0.338 m/s <, C: 0.150 m/s <.
13.160 (a) UA = vy(1 — e)/2, v = vo(l + e)/2.
(b) ve —b0(1+e"/4bg=vo(l—e"/4
() v, = vy(l + )" V207V (d) 0.881 v,
13.163 0.728 = ¢ = 0.762.
13165 v, = 6.37 m/s 2 T7.2° v}y = 1.802 m/s 2 40°.
13.166 v; = 3.00 m/s 2 40°, vy = 3.00 m/s £ 40°.
13.167 (a) vy = 0.848 vy =% 27.0°, vy = 0.456 v, 2 57.6°.
13.168 (a) 70.0°. (b) 0.972 ft/s —.
13.169 0.857.
13.170 15.94 m.
13.173 (a) 22.5° (b) 21.3°.
13.174 (a) 0.294 m. (b) 54.4 mm.
13.175 0.685 m for e = 1, 0.484 m for e = 0.
5.00 m/s — fore = 1, 2.50 m/s — for e = 0.

) 413 ].

(
(a
@
13.176 (
13.177
13.178 (
(

(

(

(a

S

a) 0.0720 ft. (b) 72.2 Ib/ft.

a) e = 1.000. (b) 0.200 ft. (e) 0.263 ft.
a) 2.90 m/s. (b) 100.5 J.

13.184 (a) 401 mm. (b) 4.10 N -s.

13.185 (@) 0.923. (b) 1.278 m.

13.188 v/, = 1.093 ft/s «, vi = 3.28 ft/s —.
13.190 1.688 ft - Ib.
13.191 (a) 533 Ib/ft. (b)
13.194 12900 ft/s.
13.196 65.0 KN.
13.197 0.707 a.

13.199 (a) 1.368 m/s. (b)
13.200 (1 + ¢)*/4.

13.179

)

)

)

)

a) 0.258. (b) 4.34 m/s.

)

)
13.183 (a)
)

37.0 ft.

0.668 m. (¢) 1.049 m.

CHAPTER 14

14.1
14.2
14.3

(a) 1.417 m/s —. (b) 1.417 m/s —.
(i
(i
14.4 |
(i
(i

)
a) 10.00 kg. (b) 1.200 m/s —.

a) 9.20 ft/s <. (b) 9.37 ft/s «.
a) 2.80 ft/s «. (b) 0.229 ft/s «.
a) A: 1.288 m/s «<—, B: 0.312 m/s —, C: 1.512 m/s —.
b) A: 0.956 m/s <, B: 0.0296 m/s <, C: 1.552 m/s —.
14.8 0.294 m/s «.

149 —(31.2 kg - m*/s)i — (64.8 kg - m*/s)j

14.7

+ (48.0 kg - m?/s)k

vi=vp =0.(b) vy = 1201 m/s —, v = 0.400 m/s —.

14.10

14.13

14.14
14.15
14.16
14.17
14.18
14.21
14.22
14.23
1424 o
14.31

14.32 (a)

14.33
14.34
14.37
14.38

14.39
14.40
14.41
14.42
14.45
14.46
14.49
14.50
14.51
14.52
14.53
14.54
14.57
14.58
14.59
14.60
14.63
14.67
14.68
14.69
14.70
14.71
14.73
14.74
14.75
14.77
14.78
14.79
14.80
14.84
14.85
14.86

14.87
14.88
14.89
14.90
14.92
14.93

(@) (0.600 m)i + (1.400 m)j + (1.525 m)k.

(b) —(26.0 kg - m/s i + (14.00 kg - m/s)j + (14.00 kg - m/s)k.
() —=(29.5kg - m 2/s)i — (16.75 kg - mz/s + (3.20 kg - m?/s)k.
(a) v, = —0.750 ft/s, v. = 0.4375 ft/s.

()HO— (3.39 ft - Ib - 9)i.

(a) v, = 8.33 ft/s, v. = 7.25 ft/s. (b
(4320 ft)i + (480 ft)j + (480 fo)k.
(

(

(

(a)

(a)

(

SEG)

) Hy = —(4.51 ft - 1b - s)k.
400 ft)i — (258 ft)j + (32.0 fok.

1004 m)i — (48.7 m)j.

503 m)i — (547 m)j.

) 3.95 ft/s.

a) 6.05 ft/s ) 6.81 ft/s.

26.0 m)i (125.4 m)k.

vy = 919 m/s, vg = 717 m/s, v = 619 m/s.

() 42.2]. (b) 5.10 .

264 J. (b) 352 |.

woman: 382 ft - 1b, man: 447 ft - Ib.

(a) 1116 ft - 1b. (b) 623 ft - 1b.

(a) v = muvgy/(my + mp) —. (b) h = 171303/25; (my + mp).
(a) vy = 0.200 vy <, vz = 0.693 vy £ 30°,

ve = 0.693 vy <% 30°. (b) v4 = 0.250 v, & 60°,
Vi = 0.866 vy 2 30° ve = 0.433 v, 5 30°.

vy = 10.61 ft/s, vg = 5.30 ft/s, ve = 9.19 ft/s.

vy = 7.50 ft/s, vy = 9.19 ft/s, ve = 9.19 ft/s.

vy = 4.11 m/s £ 46.9°, vz = 17.39 m/s 5 16.7°.
v, = 1217 m/s A 25.3°, vB =9.17 m/s <3 70.9°.
(60.0 m/s)i + (60.0 m/s)j + (390 m/sk

xp, = 18L.7mm, yz = 0, z5, = 139.4 mm.

) 8.50 ft/s. (b

0

(a) 0.866 v,. (b) 0.250 vy. (c) 7.50%.

(a) 0.707 vy. (b) 0.500 vy. (c) 12.50%.

(a) vo = 2.56 m/s T, vy = 4.24 m/s <3 31.9° (b) 2.34 m.
(@) vo = (2.4 m/s)i + (1.8 m/s)j (b) 600 mm. (¢) 20.0 rad/s.
(a) vy = 7.20 ft/s 2 53.1°, v = 768 ft/s —. (b) 42.0 in.
(a) v4 = 7.20 ft/s |, vy = 9.00 ft/s £ 53.1°. (b) 74.0 in.

(@) F, = 3280 Ib. (b) F. = 6450 Ib.
C=1617N1,D, = 1548 N —, D, = 170.2 N .
(a) 61.1 m/s. (b) 59.8 N = 49.0°.

C.=900N,C, = 2360 N, D, = 0, D, = 2900 N.
36.9 kN.

251 Ib/s.

(a) 9690 1b, 3.38 ft. (b) 6960 Ib, 9.43 ft.

1.096 m.

7180 Ib.

(a) 516 mi/h. (b) 391 mi/h.

(a) 15.47 K] /s. (b) 0.323.

(@) 80.0 kJ/s. (b 51 9 km/h.

(@) 15450 hp. (b) 28060 hp. (¢) 0.551.

(a) 109.5 ft/s. (b) 3100 ft3/s. (c) 43800 ft - Ib/s
646 ft°/s.

(a) P = qo.

Case 1. (a) 0333 g . (b) 0.817Vgl |.

(‘aee 2. by/ll b) Vg l.
) (m/Dw* + gy). (b) {1(1 - 1//l 1T
(a) mgy/l. (b) m/l [gd — 1.

10.10 ft/s.
475 ft/s.
533 kg /s.

(@) 90.0 m/s>. (b) 35.9 X 10°> km/h.
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14.94
14.95
14.96
14.97
14.98
14.99
14.100
14.106
14.107

14.109
14.11
14.112
14113
14.114
14.115

(@) 31.9 m/s* 1. (b
4410 Ib.

3960 ft/s.

7930 m/s.

(a) 1800 m/s. (b)
186.8 km.

(a) 31.2 km. (b) 197.5 km.

(a) 5.20 km/h. (b) 4.00 km/h.

(a) vo = vg = v¢ = 0.400 mi/h —.

(b) vy = vy = 1.68 mi/h <, vo = 4.56 mi/h —.
vy = 15.38 ft/s —, vz = 5.13 ft/s <.

(@) qug <. (b) V2gh = 30°.

1712 kN 1 at C, 2.29 kN 1 at D.

414 rpm.

v*/g.

(ll) my 4 th — moe”L/'””"“ (b) v = ﬁ[]e*qL/mut;“

) 240 m/s” 1.

9240 m/s.

CHAPTER 15

15.1
15.2

15.3
15.4
15.5

15.6
15.9
15.10

15.11
15.12
15.13

15.16
15.18
15.19
15.21
15.22
15.24
15.25
15.27

15.28
15.29
15.30

15.31
15.32
15.33
15.35
15.36
15.37
15.38
15.39
15.40
15.41
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(a) 0, 15.00 rad/s, —18.00 rad/s>.
(b) —9.00 rad, —12.00 rad/s>, 0
1.000 s, 7.00 rad, —12.00 rad/szg
5.00 s, —25.0 rad, 12.00 rad/s>.
(a) 0, 0, 0. (b) 6.00 rad, 4.71 rad/s, —3.70 rad/s’.
1.243 rad, 3.33 rad/s, 4.79 rad/s*.
(a) 0, 0.1000 rad/s, —0.0250 rad/s>.
) 0.211 rad, 0.0472 rad/s, —0.01181 rad/s>.
¢) 0.400 rad, 0, 0.
a) 4.00 s72. (b) 5.29 rad/s.
a) 12.73 rev. (b) . (c) 18.42 s.
—(0.400 m/s)i — (1.400 nl/SJ - (0.700 ln/b
(8.40 m/s?)i + 3 30 m/s%)j — (11.40 m/s*)k
—(0.400 m/s)i + (0.700 m/s)k,
—(2.00 m/s%)i — (6.50 m/s%) J — (3.00 m/s)k
—(0.450 m/s i— (1.200 m/s (1.500 m/s
(12.60 m/s?i + (7.65 m/s)j 9 90 m/s)k
(0.750 m/s)i 1 500 m/s)k 12 75 m/s%)i
(11.25 m/s%)j + (3.00 m/s
(a) 1525 ft/s 0 1112 ft/s> ]163 ft/s 0.0852 ft/s>. (c)
(a) 0.0600 m/s% (b) 0. ()937 m/s ) 0.294 m/s>.
(a) 6.00 m/s>. (b) 9 98 m/s%, 60 0 m/s>.
(a) 2.50 rad/s N, 1.500 lad/s b) 38.6 in./s> <5 76.5°.
12.00 rad/s* )
a) 6.28 m/s, 1579 m/s>. (b) 0.628 m/s, 15.80 m/s>.
a) 120 rpm, 275 rpm. (b) 23.7 m/s?. 1, 19.90 m/s* | .

®
(
(
(

(i
(i
(@) 10.00 rad/s \. (b) 7.50 m/s* |, 3.00 m/s* | .
(c) 4.00 m/s> |,.
(a) 3.00 rad/s> ). (b) 4.00 s.
(a) 1.707 rad/s* . (b) 6.83 rad/s \.
(a) 2.25 rev. (b) 1.710 m/s |, 3.11 m |..
(c) 849 mm/s* 2 32.0°.
(@) 1.152 m/s 1, 2.30 m 1. (b) 1.728 m/s |, 3.46 m | .
isk A: 5.41 rad/s* ; Disk B: 1.466 rad/s>
1) 10.39 s. (b) Disk A: 413 rpm ); Disk B: 248 rpm .
(a) Disk A: 2.36 rad/s® ); Disk B: 4.19 rad/s> )
bo?/2mr? ).
bwd /27 —.
(@) 0.378 rad/s ). (b)
(@) 0.615 rad/s . (b) 11.02 in./s <G 15°.
(@) 2.26 rad/s . (b) 1.840 m/s = 60°.
(a) 2.54 rad/s ). (b) 1.373 m/s £ 30°.

D
(a

6.42 m/s 1.

(b) 6.00 s.

0, 0.

15.44
15.45

15.46
15.48
15.49
15.50
15.51
15.52
15.55
15.56
15.57
15.58
15.60
15.61
15.63
15.64
15.65
15.66
15.68
15.69
15.70
15.71
15.72
15.73
15.74
15.75

15.76
15.77
15.78

15.79

15.82
15.83
15.84
15.85
15.89
15.90
15.92
15.93
15.95
15.96
15.97
15.98
15.99

15.100

15.102
15.103
15.104

15.105
15.106
15.107
15.108
15.109
15.110

a) 4.00 rad/s ). —(4.00 in/s)i.
) (12.00 111/91 800 in./s)j
)x = 2.00 in., y—300m

a) 2.00 rad/s ). () (120 mm/s)i + (660 mm/s)j.

a) 105 rpm ). (b ) 121.5 rpm .

) 1.500. (

0 rpm ).

(a) 135.0 rpm ). (b) 105.0 rpm ).

(a) 48.0 rad/s ). (b) 3.39 m/s £ 45°.

(@) 60.0 rpm J, 37.7 in./s —. (b) 0, 50.3 in./s «.

2.67 rad/s ), 34.4 in. /s .

(a) 0, 39.3 rad/s . (b) 6.28 m/s |, 0.

6.52 m/s |, 20.8 rad/s 5.

(a) 0.1254 m/s <. (b) 0.208 rad/s ).

(@) 3.02 rad/s ). (b) 0.657 rad/s .

Bar BD: 0.955 rad/s \; Bar DE: 2.55 rad/s ).

Bar BD: 4.00 rad/s ); Bar DE: 6.67 rad/s \.

Bar BD: 5.20 rad/s ); Bar DE: 6.40 rad/s ).

(a) 3.33 rad/s . (b) 2.00 m/s <% 56.3°.

(@) 12.00 rad/s ). (b) 80.0 in./s —.

(@) 12.00 rad/s ). (b) 72.1 in./s & 56.3°.

B: 140.8 ft/s —; C: 0; D: 136.0 ft/s 2 15°% E: 99.6 ft/s ~G 45°.

(a) 338 mm/s <, 0. (b) 710 mm/s <, 2.37 rad/s ).

we = (1 = r4/ro)®apc

(a) C lies 1.000 ft to right of A. (b) 4.00 in./s T.

x=0,z=934ft

) 50.0 mm to the right of the axle.

) 750 mm/s |, 1.950 m/s | .

) 25.0 mm to the right of axle. (b) 420 mm/s 1.
(@) 12.00 rad/s ). (b) Rack: 2.40 m/s — D: 2.16 m/s < 56.3°.
(a) 10.00 mm to the right of A. (b) 40.0 mm/s | .

)

)

n

(
(a
@
(
(
<

a (b) 0.333 wy .

(a
(b
(a
(¢) DE: unwrapped at 240 mm/s; BF: unwrapped at 120 mm/s.
(a) 20.0 mm to the right of A. (b) 80.0 mm/s |.. (c) DE:
unwrapped at 240 mm/s; BF: unwrapped at 120 mm/s

(@) 12.00 rad/s V. (b) 3.90 m/s 27 67.4°.

(@) 5.00 rad/s . (b) 1.300 m/s 2 67.4°.

(a) 3.08 rad/s ). (b) 83.3 in./s % 73.9°.

(a) 0.467 rad/s . (b) 3.49 ft/s £ 59.2°.

(a) 4.42 rad/s . (b) 3.26 m/s £ 50°.

(a) 1.579 rad/s ). (b) 699 mm/s 2 78.3°.

(a) 22.0 in./s 2 79.6°. (b) 20.6 in./s <% 20.5°.

(a) 2.79 in./s 2 36.7°. (b) 8.63 in./s £ 75.0°.

(a) 1260 mm/s 1. (b) 1.250 rad/s \.

(@) 0.338 rad/s ). (b) 78.8 mm/s <.

(a) DE: 2.50 rad/s ); AB: 1.176 rad/s ). (b) 29.4 m/s «.

(a) AB: 2.00 rad/s ); DE: 5.00 rad/s . (b) 24.0 in./s —.
Space centroid: quarter circle of 15 in. radius centered at O.
Body centrode: semi-circle of 7.5 in. radius centered midway
between A and B.

Space centrode: lower rack.

Body centrode: circumference of gear.

4.00 rad/s ), 6.67 rad/s Y.

5.20 rad/s ), 6.40 rad/s ).

B: 140.8 ft/s —; C: 0; D: 136.0 ft/s £ 15.0°

E: 99.6 ft/s <G 45°.
(a) 0.900 m/s> —. (b
(a) 0.600 m from A. (b) 0.200 m from A.
(a) 0.778 rad/s ). (b) 4.22 m/s> 1.

A: 7.00 ft/s> 1; B: 0.200 ft/s* | .
(i
(i

) 1.800 m/s «—.

a) 2.88 m/s? . (b) 3.60 m/s> —.
a) 2.88 m/s> —. (b) 7.92 m/s*> —.



15.11
15.112

15.113
15.115

15.116

15.118
15.119
15.120
15.121
15.122
15.125
15.126
15.127
15.128
15.129
15.130
15.132
15.133
15.135
15.138
15.139
15.140
15.141
15.143
15.146
15.147
15.149
15.150
15.151
15.152
15.153
15.156

15.157
15.160
15.161
15.162
15.163
15.165
15.166
15.167
15.168
15.169
15.171
15.174

15.175
15.176
15177
15.178
15.181

15.182
15.183
15.184

15.185

a) 5410 ft/s* | . (b) 5410 ft/s* 1 (c) 5410 ft/s> <5 60°.
a) 96.0 rad/s* §, 2.40 m/s* <.

b) 48.0 rad/s> ), 1.200 m/s* «.

a) 300 mm/s> —. (b) 247 mm/s*> & 14.0°.

A: 56.6 in./s> = 58.0% B: 80.0 in./s* ];

C: 172.2 in./s* = 25.8°.

A: 48.0 in./s> 5 B: 85.4 in./s* = 69.4°;

C: 82.8 in./s> & 65.0°.

(a) 13.35 in./s* & 61.0°. (b) 12.62 in./s> < 64.0°.
(@) 92.5 in./s>. (b) 278 in./s>.

(a) 59.8 m/s* 1. (b) 190.6 in./s* 1.

D: 1558 m/s> <G 45° E: 337 m/s> £ 45°.

(a) 1218 in./s? <. (b) 993 in./s? «—.

148.3 m/s* | .

PR

296 m/s* 1.
(a) 1080 rad/s? ). (b) 460 ft/s> S 64.9°.
(a) 432 rad/s* § b 772 ft/s® = 60.3°.

1745 m/s® 68.2"‘

(a) 7.20 rad/s%. (b) 1.296 m/s® <.
9.60 m/s* —.

(a) 10.75 rad/s* V. (b) 2.30 rad/s>

(a) 8.15 rad/s* . (b) 0.896 rad/s”.

vg sin B/l cos 6.

(v sin B/1)? sin 8/cos® 6

bw cos 0, ba cos 6 — bw” sin 6.
boa/(b* + x3) N, 2bax a3/ (b7 + 23
o[l — cos (vt/r)], v sin (vt/r).

g sin” 6/r cos 0 1.

(0o/r)* (1 + cos® 6) + tan® O K.

(Rw sin wt)j, (Rw® cos wt)j

(a) 1.815 rad/s ). (b) 16.42 in./s =G 20°.
(@) 5.16 rad/s ). (b) 1.339 in./s = 60°.
AP: 4.68 rad/s ; BE: 1.415 rad/s \.
AD: 2.52 rad/s ); BP: 1.299 rad/s ).

(@) Vigjar = lo <, vyp = 0. (b) viyjap = 0.577 lw 2 30°,

Visp = 0.577 lw 2 30°,

Viag = 0.299 lo S 45°, vy pp = 0.816 lo 21 15°.
(@) 0.520 m/s <G 82.6°. (b) 50.0 mm/s> = 9.8°.
(a) 0.520 m/s <& 37 4°. (b) 50.0 mm/# > 69.8°.

(@) —(51.0 in./s)j + (108.0 in. /s —(51.0 in./s)j.
(a) (96.0 in./s)i — 108 0 in./s)k. 96.0 in./s)i.
0.0234 m/s> west.

(@) 68.1 in./s* = 21.5°. (b) 101.4 in./s> = 3.2°,
(a) 95.2 in./s*> 2 48.3°. (b) 57.5 in./s &7 64.3°.

Link 1: 303 mm/s> —; Link 2: 168.5 mm/s*> & 57.7°.
Link 3: 483 mm/s* «<; Link 4: 168.5 mm/s* = 57.7°.

392 in./s? 37 4.05°.

(a) ay = 0.621 m/s* 1. (b) ap = 1.733 m/s> <5 53.9°.
(c) ac = 2.62 m/s> & 67.6°.

1.500 rad/s v, 7.79 rad/s> §

6.00 rad/s y, 62.4 rad/s> )

43.0 rad/s* )

47.0 rad/s* )

(a) 2.40 rad/s ), 34.6 rad/s* )

b) 1.342 m/s 5> 63 4°,9.11 m/s <5 18.4°.

(27.0 in./s)i — (14.00 in./s)j + (33.0 in./s)k.
—(1.500 rad/s)i — (0.750 rad/s)j — (1.000 rad/s)k

1)
)
)
)
) (1.500 rad/ﬁl— (3.00 rad/sj — (2.50 rad/s)k
)
)
) (9.00 in./s)i — (14.00 in./s)j — (3.00 in./s)k.

(i
(i
(i
(a
(b
(a
(b

a) 3.61 rad/s . (b) 86.6 in./s £ 30°. (c) 563 in./s* 2 46.1°.
a) 3.61 rad/s ). (b) 86.6 in./s 2 30°. (¢) 563 in./s> 3 46.1°.

15.186

15.187

15.188
15.189
15.190
15.193

15.194

15.195
15.196

15.198

15.199

15.200

15.202
15.203
15.204
15.205
15.206
15.207
15.210
15.211
15.212

15.213
15.214
15.216
15.217
15.218
15.219
15.220

15.221

15.222
15.223
15.226
15.227
15.228
15.229

15.230

15.232

(a) (0.480 rad/s )i — (1.600 rad/s)j + (0.600 rad/s
(b) (400 mm/s)i + (300 mm/s)j + 480 mm/s)k

(@) —(0.400 rdd/S_] — (0.360 rad/s

(b) (100 mm/s)i — (90 mm/s)j + (120 mm/s)k

—(9.87 rad/s?)k
(118.4 rad/s%)i
(@) wj + (R/rwk. () (R/r) Ywi.
(a) —(0.600 m/s)i + (0.750 l’n/S_] — (0.600 m/s)k.
(b) —(6.15 m/s?)i — (3.00 m/s
(a) —(20.0 rad/s?)i. (b) —(4.00 ft/s (10.00 ft/sHk
() —(10.25 ft/s"

—(3.46 ft/s%)i — (5.13 ft/§ (8.66 ft/s
(a) —(0.1745 rad/s)i — (0. 524 rad/s (0 0914 rad/s*)k.
(c) —(1.818 m/s)i + (0.605 In/SJ - 3 49 m/s)k,
(0.366 m/s?)i — 00609 m/s?)j — (1.055 m/s)k
(a) (8.00 rad/s)i. —(19.20 rad/s
() —(1.103 m/s i— (2.005 m/s
(@) (0.750 rad/s)i + (1.500 rad/s)j
(b) (300 mm/s)i — 150 mm/s)j
(¢) (60 mm/s)i — (30 mm/s)j — (90 mm/s)k
(a) (1.125 rad/s?)k
(b) —(225 mm/s)i + (180 mm/s?) j — (112.5 mm/s)k
(210 mm/s)k
(40.0 mm/s
—(30.0 in./s)j.
(45.7 in./s)j.
(12.78 mm/s)j.

(4.66 mm/s)j.

(@) /cos 25°) (—sin 25°% + cos 25° k)

w;/cos 25° (—sin 25°j + cos 25° k)

(@) (0.240 rad/s)i + (0.080 rad/s)j — (1.080 rad/s)k

(b) (40.0 mm/s)k.
(a) —(0.348 rad/s)i + (0.279 rad/s)j + (1.089 rad/s)k
(b) —(30.0 in. /s
—(510 mm/s*)k
—(45.0 in./s?)j
(205 in./s%)j
—(9.51 mm/sz)j
—(8.76 mm/s2 j
(@) (72.0 in./s)i 3()()1n/§J— (48.0 in./9)k
(b) —(288 in./s»)i — (864 in./sk
(a) 3001n/51 - 1601n/SJ - 1601n/s
—(48.0 in./s%)i + (96.0 in./s*)k
(b) (30.0 in./s)i — (16.0 in./s)j; (96.0 in./s")k
(a) (0.750 m/s i+ (1.299 m/s_l — (1.732 m/s
() 27.1 m/sYi + (5.63 m/sD)j — (15.00 m/s))k
(a) (0.75 m/s)i 1 299 m/s)j — (1.732 m/s)k
(b) —(28.6 m/s i+ (3.21 m/s%)j — (10.67 1n/s k.
—(1.215 m/s)i + (1.620 m/s)k; —(30.4 m/s)k
—(1.080 m/s)k 19 44 m/sHi — 12 96 m/s*)k
—(1.215 m/s)i — (1.080 m/s)j + (1.620 m/s)k;
(19.44 m/s)i — (30.4 m/s%)j — ]2 96 m/s*k
—(1.215 m/s)i — (1.080 m/s)j + (1.620 m/s
(25.5 m/s%)i — 250m/s_|— lem/s
(a 300m/51 - 1601n/s_| - 160m/s

)

—(75.0 in./s%)i — (8.0 in./s)j + (32.0 in./s)k
()3001n/51— 160111/3_], 7501n/51
(40.0 in./s?)j + (96.0 in./s7)k

4161n/5 i— 615111/5 + (103.9 in./sY)k
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15.234 (a) —(0.270 Iad/s' )i. (b) (6.24 in./s)i — (3.60 in./s)j — 16.34 (1): (a) 8.00 rad/s> . (b) 14.61 rad/s N.
(16.80 in./s)k. (¢) —(11.70 in./s%i — (2.81 in./s%)j — (2): (a) 6.74 rad/s* . (b) 13.41 rad/s .
(748 in./s)k (3): (a) 4.24 rad/s* . (b) 10.64 rad/s \.
15.235 (0.600 III/SJ — (0.585 m/s)k; —(4.76 m/s)i. 4): (a) 5.83 rad/s2 Y. (b) 8.82 rad/s V.
15.236 (0.600 m/s_] — (0.225 m/s)k; —(0.675 m/s%)i 16.36 (a) 7.63 rad/s> ) 2 781b
(3.00 m/s?) j — (3.60 1n/s 16.37 (a) 1.255 ft/s* l ) 0.941 ft/s* 1.
15.237 (4.33 ft/s)i — (6.18 ft/s)j 5 30 ft/s)k; 16.38 (a) 1.971 ft/s> 1. (b l 971 ft/s* | .
(2.65 ft/s)i — (2.64 ft/s j — (3.25 ft/s 16.39 (a) a4 = 12.50 rad/s N, @y = 33.3 rad/s*
15.240 —(5.04 m/a i — (1.200 m/s —(9.60 m/s (b) A: 320 rpm ), B: 320 rpm .
(25.9 m/s%)j + (57.6 m/s*)k 16.40 (a) @y = 12.50 rad/s> §, az = 33.3 rad/s> §
15.241 —(0.720 m/s i— (1.200 m/s —(9.60 m/s?)i (b) A: 90.0 rpm Y, B: 120.0 rpm .
(25.9 m/s?) j — (11.52 m/s?)k 16.41 (a) Slipping occurs. (b) a, = 61.8 rad/s?
15.242 (3.00 in./s)i — 1 800 in. /5_], (13.50 in./s%)i ap = 9.66 rad/s? )
(9.00 in./s%)j + (8.64 in. /s 16.42 (a) No slipping. (b) a, = 15.46 rad/s> §
15.243 (9.00 in./s)i — 78() in./s)j + (7.20 in./s)k ag =773 rad/s'
(9.00 in./s»)i — (22.1 in. /s j — 5 76 in. /5 16.48 (q) A: 18.40 ft/s*. (b) 9.20 ft/s* .
15.244 (a) (0.610 m/s)k; —(0.880 m/s?)i + (1.170 m/s 16.49 (a) 12.00 in. from A (b) 9.20 ft/s* —.
(b) (0.520 m/s i— (0.390 1n/5J - 1 000 m/s)k 16.50 (a) 2.50 m/s> —. (b) 0.
—(4.00 m/s?)i — (3.25 m/s>)k 16.51 (a) 3.75 m/s> —. (b) 1.25 m/s> <.
15.245 (a) (1.390 m/s)k; (7.12 m/s?)i — (1.170 m/s 16.55 A:0.885 m/s” |, B: 2.60 m/s* 1.
(b) (0.520 m/s)i — (0.390 ln/b + 1.000 III/S 16.56 A:0.273 m/s2 |, B:2.01 m/sz .
(4.00 m/s?)i — (3.25 m/s>)k 16.57 A: 359 1b, B: 312 1b.
15.248 (a) 51.3 in./s> i, (b) 184.9 in,/s2 0 16.1°. 16.58 A: 275 Ib, B: 361 lb
15.249 (a) —1.824 rad/s>. (b) 103.3 s. 16.59 (a) 0.741 rad/s> . (b) 0.857 m/s> 1.
15.250 (a) (0.450 m/s)k, (4. 05 m/s>)i. 16.60 (a) 2800 N. (b) 15 11 rad/s® ).
(b) —(1.350 m/s —(6.75 m/s%)i 16.63 (a) 3.00 g/L ). (b 1 000 g1 (0)2.00g].
15.252 (a) 37.5 in./s —. (b) 187.5 in./s* T. 16.64 (a) 1.000 g/L ). (b) 0. () 1. ooo gl
15.254 494 m/s" % 2640"- 16.65 (a) 1.000 g/L. ). (b 0 866 g —.
15.256 (7.84 in./s)k. () 1.323 g 2 49 10
15.257 (a) 0.1749 rad/s N. (b) 66.2 mm/s o 25°. 16.66 (a) 0.500 ¢ 1. (b) 1.500 g |
15.259 (0.325 m/s)i + (0. 1815 m/SJ — (0.313 m/s)k 16.67 () 0. () 1.000 gl
—(2.13 m/s) 09Anvs14'325mk 16.69 (a) 1.597 s. (b) 9.86 ft/s. () 19.85 ft.
16.70 (a) 1.863 s. (b ) 9.00 ft/s. (c) 22.4 ft.
16.72 (a) vy/r". (b vo/mg 9 00/9,U«kb-
16.76 (a) 12.08 rad/s> ). (b) A, = 0.750 b —, A, = 4.00 Ib 1.
CHAPTER 16 16.77 (a) 24.0 in. (b) 8. 05 rad/s !
16.1 (a) 3.43 N 2 20°. (b) 24.4 N = 73.4°, 16.78 (1) 107.1 rad/s” ). (b) C, = = 214N« C, = 392N T
16.2 3.57 m/s® «—. 16.79 (a) 150.0 mm. (b) 125 0 rad/s* ).
16.3 6.84 ft/s>. 16.81 (a) 1529 kg. (b) 2.90 mm.
16.4 (a) 13.42 ft/s* —. (b) 8.67 Ib 16.82 13.64 kN —.
16.5 (a) 25.8 ft/s. (b) 12.27 ft/s> (c) 13.32 ft/s* 16.84 (a) 1.500 g | . (b) 0.250 mg 1.
16.6 (a) 36.8 ft. (b) 42. 3 ft. 16.85 (a) 1.286 g . () 0.571 mg 1.
16.7 (a) 5.00 m/s” —. (b) 0.311 m < h < 1.489 m. 16.86 (a) 2.50 g |. (b) 0.375 mg 1.
16.8 (1) 2.55 m/s* —. (b) h < 1.047 m. 16.87 150.1 N < 83. 2°
16.11 (a) 0.337 g 2 30°. (b) h/d = 4.00. 16.88 (a) 9.66 rad/s> 5 43 1b - ft .
16.12 (a) 0.252 g & 30°. (b) h/d = 4.00. 16.89 (a) 13.50 ra.d/s b) 679N - m .
16.13 435 Ib. 1695 2.55 ft.
16.14 (a) 4.91 m/s*> 2 30°. (b) AD: 31.0 N; BE: 11.43 N. 1696 tan B = (1 + r/k%).
16.16 () 2.54 m/s> 2 15° (b) AC: 6.01 N tension; 1697 (a) 2.27 m or 7.46 ft. (b) 0.649 m or 2.13 ft.
BD: 22.4 N tension. 16.98 (a) rolls without sliding.
16.17 CF: 4.05 Ib compression; BE: 14.33 Ib compression. (b) 15.46 rad/s* ), 10.30 ft/s* —.
16.20 (a) 30.6 ft/s> <G 84.1°. 16.99 (a) rolls without sliding.
(b) B =1.2851b « 30°, A = 0.505 b « 30°. (b) 23.2 rad/s J, 15.46 ft/s —.
16.22 |V|,.« = 40.3 Ib, M|, = 25.2 1b - ft. 16.100 (a) slides. (b) 4.29 rad/s* ¥, 9.66 ft/s? —.
16.25 87.81b - ft. 16.101 () slides. (b) 12.88 rad/s ). 3. 22 ft/s2 .
16.26 5230 revolutions. 16.102 (q) 17.78 rad/s* V. 2.13 m/s> —. (b) 0.122.
16.27 20.4 rad/s* ). 16.105 (a) 8.89 rad/s* §. 1.067 m/s> <. (b) 0.165.
16.28 32.7 rad/s? . 16.106 (a) 0.556 ¢ |. () 1.000 g |. (c) ()
16.29 594 . 16.107 (a) 1.125 HJ, ( ) 1.000 HJ, (c) 1.333 gl
16.30 93.5 revolutions. 16.108 (a) 0.765 ¢ 1. ( ] 000 ¢ 1. () 0.667 g g 1.
16.109 (1) 5.57 ft/s* «. (b) 0.779 lb .
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16.110 (a) 64.4 rad/s* \. (b) 26.8 ft/s> | . 17.28 0.577Vg/r.
16.111 (1) 1.536 P/mrQ ) 0.884 P(mg + P). 17.29 (a) 1.324\/5;7 Y. (b) 2.12 mg.
16.113 (a) 0.1250 g/r ). 0.1250 g—, 01250 g |. 17.30 (@) 2.06 ft. (b) 4.00 Ib.
16.116 P = 16.84 N 2 70.5; Mp = 0.228 N - m ). 17.33 0.745 m/s —.
16.117 (a) 11.11 rad/s2 J. b) 3T7TN 1. (c) 28.2 N —. 17.34 1.000 m/s —.
16.118 (a) 97.8 N 1. (b) 60.3 N 1. 17.35 1.054 m/s —.
16.119 (a) 11.15 rad/s b 1.1551b «. 17.36 3.11 m/s —, 1.798 m/s |..
16.121 (q) 12.04 rad/s* ). (b) 1.795 Ib = 20°. 17.37 4.82 m/s —, 0.
16.124 6.40 N —. 17.39 3.71 rad/s N, 7.74 ft/s 1.
16.125 1717 N —. 17.40 0.775 g/l <, 0.775 g/l & 60°.
16.126 60.0 N —. 17.42 () 0.926 VgL «. (b) 1.225VgL «.
16.127 33.01b 1. 17.44 15.03 ft/s |.
16.128 2.321b |. 17.45 84.7 rpm |.
16.129 29.9 N < 60°. 17.46 110.8 rpm ).
16.130 23.5 N 2 60°. 17.47 0770 m/s <.
16.133 0.330 1b <. 1748 (@) 21.2 N - m. (b) 127.3 N - m.
16.134 (4) 15.00 N - m 1. (b) 120.0 N —, 88.2 N 1. 17.50 () 39.8 N - m. (b)) 95.5 N - m. (¢) 229 N - m.
16135 (a) 25.0 N - m . (b) 190.0 N —, 104.9 N 1. 1752 1.212N - m
16.136 A =15651b1,B = 1.6891b 1. 17.53 47.4 min.
16.138 B = 805N <, D = 426 N —. 17.54 2.84s.
16.139 B = 525 N 37 38.1°, D = 322 N <% 15.7°. 17.57 5.26s.
16.140 (v} /6L) tan 8/cos® 6. 17.59 3.88s.
16.141 (a) 9.36 m/s®> 5 27.1°. (b) 278 N 1. 17.60 5.22s.
16.142 () 9.10 m/s*> <5 81.1°. (b) 6.54 N. 17.61 3.13s.
16.143 (a) A: 0.400 g/r %; B: 0.400 g/r ). (b) 0.200 mg. 17.63 wy(1 + my/mp)
(c) 0.800 g | 17.64 (a) 686 rpm %, 514 rpm ). (b) 4.181b - s 7.
16.144 (a) 18.49 ft/s* <5 25°. (b) 8.38 rad/s” ). 17.69 (a) r’gt sin B/(r* + k*) 5 B. (b) k? tan B/(r + k).
16.146 (1) 13.55 m/s> |. (b) 2.34 m/s* | . 17.70 2.79 ft.
16.147 (a) 6.40 ft/s* —. (b) 45.4 rad/s* . 1771 (a) 2.55 m/s 7. (b) 10.53 N.
16.151 10.39 b - in. located 20.8 in. below A. 17.72 (a) 27.6 ft/s |. (b) 4.00 Ib.
16153 27.2 rad/s . 17.74 (a) 2.12 m/s —. (b) 0.706 m/s —.
16.156 20.6 ft. 17.75 () 0.706 m/s —. (b) 1.235 m/s —.
16.157 (a) 0.513 g/L ). (b) 0.912 mg 1. () 0.241 mg —. 17.77 (a) 0.286rw, /g (b) 0.286rw, —, 0.286w, .
16.159 (1): )1.200 g/e ). (b) 0.671 & 63 4°. 17.78 (a) 2.500,/r. (b) To/ .
(2): () 1412 g/c ). <b) 0.706 g | . 17.79 84.2 rpm. ’
(3): < ) 2.40 g/c ). (b) 0.500 g |.. 17.81 (a) 2.54 rad/s. (b) 1.902 J.
16.160 (a) 0.333 g 1. (b) 1.667 g |. 17.82 (a) 5.00 rad/s. (b) 3.13 rad/s.
16.161 23.7 rad/s” 17.83 18.07 rad/s.
16.163 (a) 51.2 rad/s b) 21.0 N 1. 17.84 —24.4 rpm.
16.164 (a) 57.8 rad/q b) 204 N 1. 17.86 disk: 337 rpm; plate: 23.5 rpm.

17.87 37.2 rpm.
17.88 (a) 15.00 rad/s. (b) 6.14 m/s.

CHAPTER 17 17.89 (a) 149.2 mm. (b) 4.44 rad/s.
171 878 1b - ft. 1790 1.136 m/s.
17.2 5230 rev. 1794 1.542 m/s.
17.3 0.760. 17.95 2.01 ft/s <.
17.4 98.8 mm. 1796 (a) 25.2 rad/s ). (b) 1545 Ib —.
175 (a) 293 rpm. (D) 15.92 rev. 1797 (a) 10.00 in. (b) 22.6 rad/s ).
17.8 19.77 rev. 17.98 (a) 2.16 m/s —. (b) 4.87 kN £ 66.9°.
179 (a) 6.35 rev. (b) 7.14 N. 17.99 (a) 79.2 mm. (b) 1.992 m/s —.
17.10 (a) 2.54 rev. (b) 17.86 N. 17.100 242 mm/s —.
1711 (a) 973 ft/s |. (b) 7.65 ft. 17101 302 mm/s <.
1712 70.11b . 17.102 14.10 rad/s .
1713 80.71b | 17105 w,/2 ), Loy/4 1.
1716 11.13 rad/s V. 17.106 (a) 3vy/L ), v,/2 |. (b) 3v)/L N, v,/2 1. (¢) 0, v1 1.
1717 3.27 rad/s ). 17107 =L/3.
1718 (a) 1.732Vg/l ), 2.50 W 1. (b) 5.67 rad/s ), 4.50 Ib 1. 17.108 (2 + 5 cos B)wi/T 1, (2 + 5 cos B)uy/T <.
17.20 (a) 3.94 rad/s ), 271 Ib = 5.25° (b) 5.58 rad/s ). 701 1b 1. 17.110 6v, sin B/(1 + 3 sin® B)L ).
17.24 (a) 3.00 m/s —. (b) 30.0 N «. 17112 0.750 v,/L ), 0.910 v, & T4.1°.
17.25 1.154Vgs. 17113 0.706 v, /L ), 0.949 v, 5 87.9°.
17.26 Vgs. 17.114 0.366.
17.27 (a) 5.00 rad/s. (b) 249 N 1. 17115 8.80 ft/s.
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17.116
17.117
17.120
17121
17.122
17.123
17.124
17.125
17.126
17.128
17.131

17.132
17.133

17.134
17.135
17.136
17.138
17.139
17.141
17.143
17.145
17.146

5.12°
55.9°.
(a) 2.86 in. (b) 2.05 in.

(a) 3.85 ft/s|,. (b) 5.13 rad/s ).

(a) 0.256 ft/s.

0.650VgL —.

0.866'VgL —.

725 mm.

447 mm.

(a) 2.60 rad/s ). (b) 1.635 m/s <% 53.4°.

(@ vy =0, 0, =0v/r);vg =0 —; @z =0.
(b) vy = 20,/T: vi = 5v,/7.

1.25 v, /r.

(@) va4 = (vy sin 0)j, v = (vy cos O)i, w, =
cos 0 j)/r, wg = 0. (b) vy = (5 v, cos 0/7)i
w,p = 2.65 rad/s ), wpc = 13.25 rad/s \.
A=1001N1T,B=439N —.

(a) 118.7 rev. (b) 7.16 s.

(@) 53.1° (b) 1.095VgL 5 53.1°

783 N —, 7.35 N TA

(@) 1.500 0y/b ). (b) 0.791 v, 2 18.4°.

(a) 4.81 rad/s ). h 6.81 rad/s ).

0.400 r

(@) 1.286 rad/s . (b)

U[)( sin 0i +

0.719 1b —, 1.006 1b 1.

CHAPTER 18

18.1
18.2
18.3
18.4
18.7
18.8
18.9
18.10
18.11
18.12
18.15
18.16

18.19
18.20

18.21
18.22
18.23
18.24

18.25
18.26
18.29
18.30
18.31
18.32
18.33
18.34
18.39
18.40
18.41
18.42
18.43
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0.357 kg - m*/s; 0, = 48.6°, 6, =

0.250 mrzng + 0.500 mriw k.

(ma*w/12)3 j + 2 k).

11.88°.

(a) 0.276 ma* w (b) 25.2°.

(a) 0.432 ma w. (b) 20.2°.
—(1.7471b - ft - s)i + (3.591b - ft - s)j +

1.8481b - ft s)l = (04551b - ft - s)j +

b) 0.0551 rad/s.

41.4°, 0. = 90°.

(1.118 Ib - ft - 9)k.

(
(
(
(a)
(a) (0. 216 kg m /s
(b) (0 513 kg m‘/§ i+ (0.216 kg - m‘/s
(@) —(1.0411b - ft - )i + (1.0411b - ft - s)j +
( ft - s)k. (b) 147.5°.

( Sftes)i — (1.0411b - ft - s)j +
( t - s)k. (b) 32.5°.

(a) —(0.300 m/s)k (b) —(0.962 rad/s)i — (0.577 m/s)j.
)
) (3 46 rad/q )i + (1.923 rad/s)j — (0.857 rad/s)k
a) (FAt/m)i. (b) (FAt/ma)(—1.714 j + 8.57 k).
) (FAt/m)i. (b) (FAt/ma)(3.43 j — 5.14 k).
) 0125 wo (—i + j). (b) 0.0884 aw, k.
) —0.01473 maw, k.
o 429 5y /a)k
a) 600/7 . (b) (mvy/7)j.
a) C and B. (b) C: 8.16 s, D: 4.84 s. (¢) 0.520 s.
(@) D and A. (b) D: 6.82 s, A: 1.848 s. () 0.347 s.
1417 .
0.1250 mri(wi + 2w}).
0.1250 ma’w*
0.228 mriw’.
0.1896 mriw’.

(0.0582 Ib - ft - s)k.

18.44
18.47
18.48
18.49
18.50
18.53
18.54
18.55
18.56
18.57
18.58
18.59
18.61
18.62
18.65

18.66

18.67
18.68

18.71
18.72

18.75

18.76

18.77

18.78

18.79
18.80
18.81
18.83
18.84
18.85
18.86
18.87
18.88
18.89
18.90
18.93

18.94
18.95
18.96
18.99
18.101
18.102
18.103
18.104

18.107
18.108

1.296 ].

13.34 ft - Ib.

12.67 ft - 1b.

0.1250 ma’w’.

0.203 ma’w’.

16.75 ft - Ib.

39.9 ft - 1Ib.

(3.21 N - m)k.

0.500 mriww, i.

0.1667 ma*w” i.

—0.958 mrie* k.

(291 1b - ft)i.

(1.890 N - m)i + (2.14 N - m)j +
—(1.890 N - m)i — (214 N - m)j +
A = —(12.00 N)i, B = —(4.00 N)i.

(3.21 N - m)k.
(3.21 N - m)k.

1 ;
C= 5 mba®* sin B cos B i,

1 S
= —gmbw2 sin B cos B i.

D

A = (3.35 bk, B = —(3.35 Ib)k.
A = —(1.103 Ib)j — (0.920 Ib)k,
B = (1.103 Ib)j + (0.920 Ib)k.

) b) A = —(3.75 N)k, B = —(1.250 N)k.
)

) C = (M, tan B/2b)k, D = —(M, tan B/2b)k
) (2.331b - ft)i.

) A = (0.466 1b)j, B =
a) (0.873 1b - ft)i.

) —(0.218 Ib)j + (0.262 Ib)k,

B = (0 218 1b)j — (0.262 Ib)k.

(a) (0.1301 Ib - fv)i. (b)) A = —(0.0331 Ib)j +
B = (0.0331 Ib)j — (0.0331 Ib)k.

A = —(0.444 1b)j — (0.383 Ib)k,

B = (0.444 1b)j + (0.383 Ib)k.

(@) 1047 N - m. (b) 1047 N - m

4.29 kN - m.

—(0.457 1b - ft)i.

24.0 N.

1.138° ). Point A moves up.
(a) 38.1° (b) 11.78 rad/s.
13.46 rad/s

(a) 53.6°. (b) 8.79 rad/s

o = 10 - 20 rad/s.

5.45 rad/s.

211 N £ 18.7°.

(@) C = —(123.4 N)i, D =
(b)yC =D =0.

91.2 rpm.

A = (0.1906 Ib)k, B =
7.87 rad/s

(11.23N - m) cos®> 0 i + (11.23 N - m)
sin 6 cos @ j — (2.81 N - m) sin 6 cos 6 k.

—(0.466 1b)j.

—

(0.0331 Ib)k,

(123.4 N)i.

—(0.1906 Ib)k.

C = —(89.8 N)i + (52.8 N)k,

D = —(89.8 N)i — (52.8 N)k.

(@) (0.1962 N - m)j. (b) C = —(48.6 N)i + (38.9 N)k,
D = —(48.6 N)i — (38.9 N)k.

(@) —=(5.391b - f)j. (b)) A = —(11.65 Ib)i + (3.49 Ib)k,
M, = (5.531b - ft)i + (8.73 b - ft)k.

(a) (1.3821b - fv)i. (b)) D = —(6.70 Ib)j + (4.89 Ib)k,
E = —(1.403 Ib)j + (4.89 Ib)k.

299 rpm.

55.3°.



18.109 1666 rpm.
18.111 45.9 rpm, 533 rpm.
18.113 23.7°.
18.114 (a) 52.7 rad/s. (b) 6.44 rad/s.
18.115 (a) 40.0°. (b) 23.5°. (c) 85.3°.
18.116 (a) 56.1 rad/s. (b) 5.30 rad/s.
18.125 (a) 6, = 52.5°, 6, = 37.5°, 6. = 90°.
b) 53.8 rev/h ) 6.68 rev/h
18.126 (a) 6. = 90°, 0 = 17.65° 6. = 72.35°.
b) 44.8 rev/h. (c) 6.68 rev/h.
a) 13.19°. (b) 1242 rpm (retrograde).
1) 109.4 rpm; y, = 90°, Yy = 100.05°, y. = 10.05°.
) 6, = 90°, 0, = 113.9° 6, = 23.9°.
¢) precession: 471 rpm; spin: 64.6 rpm.
a) 4.00 rad/s. (b) 5.66 rad/s.
) 8y = 6 = 180° — 0,
)

18.129
18.130

18.132
) Omax = @ Sin Oy os Oy. (€) Pruin = o sin’ 0o.

@) 30° = 6 = 150°. (b) ¢,y = 240 rad/s.

) 0, = 3.29 rad/s.

1.200 rad/s. (b) 6,

18.133

(
(
(
(
(
(
(
(a
@
(
18.131 (
(a
@
(
(
18.134 (
(

(

(

(©

(@)

(l) <pmm 268 rad/s‘
18.137 (a) 44.1°. (b) ¢ = —8.72 rad/s =56.3 rad/s.
18.138 (a) '32 7 rad/s. (b) ¢ = —13.33 rad/s = 44.3 rad/s.
18.140 (a) 71 (¢ sin 6)* + EI 0% + %Iw + mge cos § = E.
18.147 234 ke - m*/s)j + (1.250 kg - m*/s)k.
18.148 —(1.098 Ib - ft s) (LO9SIb - ft - 5)j + 274 1b - ft
(b) 150.5°.
1 . 1 . 1
18.150 (a) —gw(,l + gw(,_]. (b) gwoak
18.151 imazw{z,.
48
18.153 (a) 52.1 rad/s>. = —(2.50 N)i, B = (2.50 N)i.
18.154 (a) 53.4°. (b) 9. 27 rad/s.
18.155 (¢) (271 1b - fb)j. (b) F = —(5.30 Ib)i — (1.988 Ib)k;
M, = (2691b - ft)i — (4.421b - fr)k.
18.156 (1) A = (1.786 kN)i + (143.5 kN)j;
B = —(1.786 kN)i + (150.8 kN)j. (b) —(35.7 kN - m)k.
18.157 1326 rpm.
CHAPTER 19

19.1 1.047 ft/s, 65.8 ft/s>
19.2 0.950 mm, 239 mm/s.
19.3 1.225 m/s, 0.650 Hz.
19.4 (a) 0.391 s, 2.55 Hz. (b) 2.81 ft/s, 45.1 ft/s>.
19.5 (a) 0.324 s, 3.08 Hz. (b) 12.91 mm, 484 m/sg.
19.6 (a) 10.75°. (b) 6.04 ft/s>.
19.7 (a) 0.557 Hz. (b) 293 mm/s.
19.9 (a) 3.14 s. (b) 6.40 m. (c) 38.7°.
1911 (a) 5.49 m. (b) 80.5 m/s? | .
19.12 () 0.0352 5. (b) 6.34 ft/s T, 64.9 ft/s* | .
19.13 0.445 ft 1, 2.27 ft/s |, 1147ft/5 .
19.14 (a) 3.89°. (b) 0.1538 m/s, 0.666 m/s>.
19.17 (a) 0.208 s, 4.81 Hz. (b) 1.361 m/s, 41.1 m/s>.
19.18 (a) 0.416 s, 2.41 Hz. (b) 0.680 m/s, 10.29 m/sz,
19.19 (a) 0.361 s, 2.77 Hz. (b) 2.54 ft/s, 441 ft/s>.
19.20 2.63s.
19.23 (a) 6.82 1b. (b) 33.4 Ib/ft.
(a) 6.80 kg, (b) 0.583 s.
(a) 35.6 Ib/in. (b) 5.01 Ib.
192.0 Th/ft.
(a) 22.3 MN/m. (b)

19.24
19.25
19.26

19.27 266 Hz.

19.30
19.34
19.35
19.36
19.37
19.38
19.39
19.40
19.43
19.44
19.45
19.46
19.47
19.49
19.50
19.55
19.56
19.57
19.58
19.59
19.61
19.63
19.64
19.65
19.66
19.69
19.70
19.71
19.72
19.73
19.76
19.77
19.78
19.79
19.80
19.83
19.84
19.85
19.88
19.89
19.90
19.91
19.92
19.94
19.96
19.97
19.98
19.99
19.100
19.101
19.102
19.105
19.106
19.107
19.108
19.109
19.112
19.113
19.114
19.115
19.116
19.118

(a) 55.4 mm. (b) 1.497 Hz.

16.3°

(a) 1.737 s. (b) 1.864 s. (c) 2.05 s.
28.1 in.

(a) 3.36 Hz. (b) 42.6 mm.

(a) 0.315 s. (b) 0.665 ft/s.

(a) 0.1957 s. (b) 1717 ft/s>.
(@) 0.491 s. (b) 9.60 in./s.
(a) 1.117 rad/s. (b) 400 mm.

(a) 2.28 s. (b )l.294m.
75.5°.

0.379 Hz.

(a) 1.067 s. (b) 89.7 mm.
(a) 0.933 s. (b) 0.835 s.

(a) 1.617 s. (b) 1.676 s.

(a) 2.21 Hz. (b) 115.3 N/m.
3.03 Hz.

0.945 Hz.

0276 V'k/m — g /4L.
(a) 88.1 mm/s. (b) 85.1 mm/s.
82.1 mm/s.
(a) 21.3 kg. (b) 1.838 s.

(a) 0.826 s. (b) 1.048 s.

(a) 1.951 s. (b) 1.752 m/s.

4.861b - ft - 5%

27 VI/g.

3.18 s.

1.476 m/s, 31.1 m/s>.

1.379 in., 888 in./s%.

0.289 1.

130.6 mm.

0.276V k/m — g/4L.

(a) 0.715 s. (b) 0.293 ft/s.

2.10 Hz.

0.387 s.

1.834 s.

0.1899Vg/l.

1.327 s.

2.39 s.

27V 2m/3k.

0.911 Hz.

(@) 0.1592V (g /1)(ka*/wl — 1). (b) Vl/k.
6.64 1b.

0.742 Hz.

(27/cos B) Vm/6k.

(a) 0.352's. (b) 0.352 s.

1.814 1/ Ver.

11.40 N.

(@) 0.1304 ft (in phase). (b) 1.464 ft (out of phase).
(@) 10.99 Ib/ft. (b) 2.99 Ib/ft.

Vk/2m < op < V3k/2m.

wr < 8.16 rad/s.

22.5 mm, 5.63 mm.

wp < 9.83 rad/s. and wf > 17.02 rad/s.
651 rpm.

(@) 90.0 mm. (b) 18.00 N.

(a) 25.2 mm. (b) —0.437 sin(mt) N.
Show . . .

22.0 mm.

wp = 322 rpm and w; = 329 rpm.

783 rpm.

39.1 kg
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19120 w; = 254 rpm and w; = 303 rpm.

d
191 caed
19121 (a) 4.17%. (b) $4.9 Hz. 9157 (@) ks + ¢ lxa = x) = 0,

19.122  8.04%. &, d )
19.123 (1) |l/(l _ w[l/w'zl)" ) |1/<l _ w%/wi” m e + CE(X,,, —xy) = P, sin wt.
19.124 (a) 1399 rpm. (b) 0.01669 in. 1 d

19.132 (a) 0.01393. (b) 0.0417 Ib - s/ft. (b) cia T R (g = qu) =0,

19133 (a) 6.49 kip - s/ft. (b) 230 kips/ft. P d

19.134 56.9 mm. L e + REW'” — qa) = E,, sinwyt.
19136 (a) 6490 Ib/ft. (b) 0.1939 5. dé )

19137 (a) 6 + (3¢/m) 6 + (3k/4m) 6 = 0. (b) Vkm/3. 19.158 (@) m d:;” + ka(x,, — x4) = P, sin wyt.

19.139 0.0725 in.
19141 ¢/c, = 0.707.

dxy
19.143 () 0.0905. (b) 366 N - s/m. Cap R+ kalay +x,) =0

19.144 (a) —0.324 mm. (b) 0.0884 mm. dzqm 1
19.145 13.01 mm. (b) L e E((]"‘ —qa) = E, sin oyt
19.146 () 2210 kN/m. (b) 0.0286. ]'t 2
19.147 134.8 mm, 1437 N, R L L g =0
19.149 (a) 16.18 1b. (b) 8.18 Ib. dt GG
& dx 19159 (a) 2mV2a/3g. (b) 0.1667 a.
19.151 (@) m 7 + CE + kx = 8,,(k sin st + coycos wyt) 19.161 1.785 s.
Where(fo — 9m/L 19.163 () 6.16 Hz, 4.91 mm, 0.1900 m/s. (b) 4.91 N, (¢) 0.1542 m/s |
T : _ : 19.164 (a) 0.316 L. (b) 0.200Vg/L
(b) 8,”\/k2 + (cwf)z/\/(k - mcuj%)2 + (cwf)z. 19.166 1.456 m. )
19.153 R < 2VLC. 19.169 (a) 5.75 N. (b) 0.00710 mm.
19.154 () E/R (b) L/R 19170 (@) my+ 4Tx/l = 0 (b) 7 V/ml/T.

19.155 Draw. ..
19.156 Draw . ..
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Centroids of Common Shapes of Areas and Lines

Shape x y Area
. h bh
Triangular area — b o
Yy 3 2
. 4 4 2
Quarter-circular area ar ar o
3 3 4
2
Semicircular area 0 ar e
3 2
3a 3h 2ah
. i 3a 3 2ah
Semiparabolic area . : .
Parabolic area 0 3n Aah
5 3
3a 3h ah
Parabolic spandrel = > an
o 4 10 3
. 2 .
Circular sector rsma 0 ar
3a
. 2 2
Quarter-circular arc =r zr %r
- 2
Semicircular arc 0 - r
4;/,:,:,5"‘ rsina 0 par

Arc of circle




Moments of Inertia of
Common Geometric Shapes

Mass Moments of Inertia of

Common Geometric Shapes

Rectangle
1, = bk’
I, =pbh
y 12
1773
I, =3ibh
1, =1ibh
Jc = sbh(b* + h?)

=
Q

Slender rod

1,=1,={ml?

Thin rectangular plate

I, =3$mb*+ )
I, = fjmcz
I, = {5mb?

Triangle
I, = Lbk® n
L= 3bl l Lt
3
X
—
Circle

Y

ap

Rectangular prism
I, =$mb* + )
1, = ;m( + a?)
I, = sm(a® + b?)

N

Semicircle

Yy

i

X

Thin disk
I, =3mr

~
Il
~
™~
I
~
3
S

y

P

Quarter circle

Circular cylinder

1
I, = smad

I,=1,=+m3a® + L?)

Jo = ymab(a® + b?)

y

_ _ 1 4
IX = 1Iy = 167"
]0=§’7Tr4 X

O
r—

Ellipse

P y
zx=%7'rab3 b
I, = ima’h

X
O
- a4 —>

Circular cone

I, = 3ma®
1, =1, =3m(a*+ h?)
Sphere v

I,=1,=1,=3md




Reactions at Supports and Connections for a Two-Dimensional Structure

Support or Connection Reaction II\IJlrllnklr?o(iarn(l)sf
Frictionless Force with known
Rollers Rocker surface line of action

| el N

Short cable Short link Force with known

line of action

/
/
90° 7
@
; 1
/
/

/

Collar on Frictionl. inin sl Force with known
frictionless rod rictionless pin in slot line of action

or
> 2
a
Frictionless pin Rough surface Force of unknown
or hinge direction

il

Force and couple

Fixed support

e irs se in esoluiono an roblem on erning e
e uilibrium o arigid bod is o onsru ana ro riae ree-bod
diagramo ebod. s ar o a roess i isne essar 0S ow
on e diagram erea ions roug Ww i e ground and o er
bodies 0 ose a ossible moiono ebod. e igureson isand
e aing age summari e e ossible rea ions e er ed on wo-
and ree-dimensional bodies.



Reactions at Supports and Connections for a Three-Dimensional Structure

I o

Force with known Force with known
line of action Cable line of action
(one unknown) (one unknown)

Roller on /Wheel on rail
rough surface

~ — = ~ _'/7/‘ )
- = Z 7 t///
Rough surface Ball and socket
[ f M
| B
%Eﬁ F, M,
—_—— - / *
- o M, A F, v
_ F—— "% F.
Ur%i\fersal Three force components ) Three force components
joint and one couple Fixed support and three couples
f M,)
P
F’J

Two force components

Hinge and bearing supporting radial load only (and two couples; see page 191)
F,
= Mo R
Hinge and bearing supporting Three force components

Pin and bracket axial thrust and radial load (and two couples; see page 191)
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