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1. The bone rongeur shown is used in surgical procedures to cut small bones. ~Determine the magnitude

of the forces exerted on the bone at E when two 200-N forces are applied as shown. (15%)
1200 N
4

22 mm —

30 mm 40 mm 28 mm

'2. The elevation of the end of a steel beam supported by a concrete floor is adjusted by means of the
steel wedges E and F. The base plate CD has been welded to the lower flange of the beam, and the end
reaction of the beam is known to be 90 kN. The coefficient of static friction is 0.30 between the two
steel surfaces and 0.50 between the steel and the concrete. If horizontal motion of the beam is
prevented by the force Q, determine (a) the force P required for impending upward motion of the

beam, (b) the corresponding force Q. (15%)

{90 kN

3. A car of mass 1000 kg requires a power of magnitude 8000 Watts to maintain a uniform speed of 20
m/s on the horizontal road. The total resistance to motion is given by P = ¢ + kv where P is the
resistance in newtons, ¢ and k are constants, and v is the speed in m/s. If while running at 20 m/s, the
car starts to climb a plane inclined at an angle 30° with the horizontal. How soon will the speed drop
to 10 m/s, assuming that the torque applied to the wheels is unchanged, and that the constant ¢ has a

value of 100 N? : (15%)
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4. In the slider-crank mechanism shown below, OA =30 mm, AB =60 mm, and the crank rotates with
constant angular velocity of @ rad/s, counterclockwise. At the position where angle 6=90°, the

slider is measured to have an acceleration of 173.2 m/s>. Find the magnitude of . (20%)
A
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5. Indicate true or false for each of the following statements. (No proof is needed. The wrong answer

* will be given no score but will be deducted 2 points. //v&H 2 SEEEEFD 2 4 (20 %)

(a) A hoop, cylinder, and sphere,v each having the same mass and radius, are released from rest on an
incline. After it has rolled through a distance corresponding to a change of elevation 4, the velocities:

Vsphere > Vcylinder >Vhoop.
(b) (Continued) The velocity of the cylin&er is 0.845,/ 2gh

(c) Consider two Bodies which collide, and denote by v4and vg the velocities before impact of the two
points of contact A and B (Fig. 5-1). Under the impact, the two bodies will deform, and at the end of
the period of deformation the velocities are #,4 and up as shown in Kig. 5-2. A period of restitution will
then take place, at the end of which A and B will have velocities v’y and v’p (Fig. 5-3). Then
(), -0',),]1=el(v,), - (u,),], where e is the coefficient of restitution.

(d) (Continued) Also, €[(v,), —(v;) 1=(}), - o),
(e) (Fig. 5-4) If a rigid uniform plate rotates about a fixed axis through O, and the axis is perpendicular
to the plate, then the kinetic energy is L mV? +1 (Z r’Am, )mz :

(f) (Fig. 5-5) Consider a slender rod AB, of 1 m length and 1 kg mass, whose extremities are connected
to blocks of negligible mass sliding along horizontal and vertical lnacks. The rod is released with no

initial velocity from a horizontal position. If the angle between the tod and the horizontal is 30 degree,
|

thenw=1.5g - 1
(g) The height at which a billiard ball (solid sphere with radius R) 1# struck should be 7R/5 so that the

ball will roll with no initial slipping.
(h) (Fig. 5-6) The external forces acting on a rigid body are equivalent to the effective forces of the

various particles forming the body, and the system of the external forces is equipollent to the system

consisting of the vector ma attached at any fixed point and the co iple of moment of that point.

(continued)
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(i) Uniform sphere of mass m and radius r is projected along a roug
velocity V and no angular velocity. If the coefficient of kinetic frig

the sphere will start rolling without sliding is /= %_p_’_ .
HE

V
(j) (Continued) The angular velocity at that instant is %—
-

R'%_3 &

h horizontal surface with a linear
rtion is u, then the time at which

{v, =71, W}

6. Gear A has a mass of 20 kg and a radius of gyration of 400 mm, and gear B has a mass of 6 kg and a
radius of gyration of 160 mm. The system is at rest when a couple M of magnitude 12 Nm is applied to
gear B. Neglecting friction, (a) determine the number of revolutions of gear B before its angular

velocity reaches 1200 rpm; (b) determine the time required in (a)}

exerted by gear B on gear A.

(c) determine the tangential force
(15 %)






