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IDENTIFY: The water moves in projectile motion.
SETUP: Let xy =y, =0 and take +y to be positive. a, =0, a,=-g.

EXECUTE: The equations of motions are y = (v, sin a) ¢ —% gr® and x= (vy cos a) 1. When the water
goes in the tank for the minimum velocity, y=2D and x =6D. When the water goes in the tank for the

maximum velocity, y =2D and x=7D. In both cases, sina = cos a = V272

V2

To reach the minimum distance: 6D = %vot, and 2D = Tv(,t —% gfz. Solving the first equation for ¢

DV2 6D\2

Yo Yo

7)
gives = . Substituting this into the second equation gives 2D = 6D—%g[ ] . Solving this

for v, gives vy =3/gD.

2

g 2 ; ,
To reach the maximum distance: 7D :TVOI’ and 2D = TVO’ —%gtz. Solving the first equation for ¢

7D\2

Yo

2
: 7DN2 e - = : .
gives 1= . Substituting this into the second equation gives 2D =7D —% g [ ] . Solving this

Vo
for v, gives vy =4/49gD/5 =3.13\/gD, which, as expected, is larger than the previous result.

EVALUATE: A launch speed of vy = «/E\/ gD =2.45,/gD is required for a horizontal range of 6D. The

minimum speed required is greater than this, because the water must be at a height of at least 2D when it
reaches the front of the tank.
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IDENTIFY: Newton’s second law applies to the box.
SETUP:  f = wn, XF, =ma and XF, = ma, apply to the box. Take the +x-axis down the surface of

the ramp and the +y-axis perpendicular to the surface upward.
EXECUTE: XF, = ma, gives n + Fsin(33.0°) — mgcos(33.0°) = 0, which gives n = 51.59 N. The friction

forceis f, = g n =(0.300)(51.59 N) = 15.48 N. Parallel to the surface we have XF, = ma, which gives

Fcos(33.0°) + mgsin(33.0°) — fi = ma, which gives a = 6.129 m/s”. Finally the velocity formula gives us

Ve = Voy + ad = 0+ (6.129 m/s?)(2.00 s) = 12.3 m/s.

EVALUATE: Even though F is horizontal and mg is vertical, it is best to choose the axes as we have done,
rather than horizontal-vertical, because the acceleration is then in the x-direction. Taking x and y to be
horizontal-vertical would give the acceleration x- and y-components, which would complicate the solution.
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IDENTIFY: Apply SF =ma to each block. Use Newton’s third law to relate forces on 4 and on B.
SET Up: Constant speed means a =0.

EXECUTE: (a) Treat 4 and B as a single object of weight w = wy + wg=1.20 N + 3.60 N =4.80 N.
The free-body diagram for this combined object is given in Figure 5.79a. XF, =ma, gives

n=w=480N. f =n=(0300)(4.80N)=144N. LF, =ma, gives F' = f =1.44 N.

(b) The free-body force diagrams for blocks 4 and B are given in Figure 5.79b. n and f are the normal and
friction forces applied to block B by the tabletop and are the same as in part (a). fyp is the friction force that
A applies to B. It is to the right because the force from 4 opposes the motion of B. np is the downward force
that 4 exerts on B. fi, is the friction force that B applies to A. It is to the left because block B wants 4 to
move with it. 7 is the normal force that block B exerts on 4. By Newton’s third law, fiz = fi4 and these
forces are in opposite directions. Also, 7, =np and these forces are in opposite directions.

ZFy =ma, for block 4 gives ng=wy= 1.20 N, so ng = 1.20 N.
Jia = # =(0.300)(1.20 N) = 0.360 N, and f,, =0.360 N.
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XF, =ma, forblock 4 gives 7' = f, , =0.360 N.
LF, =ma, forblock B gives F' = f, + fi =0.360 N +1.44 N=1.80 N.

EVALUATE: In part (a) block 4 is at rest with respect to B and it has zero acceleration. There is no
horizontal force on 4 besides friction, and the friction force on 4 is zero. A larger force F is needed in part

(b), because of the friction force between the two blocks.
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Figure 5.79
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IDENTIFY: Apply SF =md to the block. The cart and the block have the same acceleration. The normal
force exerted by the cart on the block is perpendicular to the front of the cart, so is horizontal and to the
right. The friction force on the block is directed so as to hold the block up against the downward pull of
gravity. We want to calculate the minimum a required, so take static friction to have its maximum value,
Js = ugn.

SET UP: The free-body diagram for the block is given in Figure 5.95.
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EXECUTE:

XF, =ma,
n=ma
Jo = ugn = pgma

Figure 5.95

IF, =ma,: fi—mg=0
puma=mg, soa=g/u,.

EVALUATE: An observer on the cart sees the block pinned there, with no reason for a horizontal force on
it because the block is at rest relative to the cart. Therefore, such an observer concludes that #» =0 and thus

J; =0, and he doesn’t understand what holds the block up against the downward force of gravity. The

reason for this difficulty is that SF =ma does not apply in a coordinate frame attached to the cart. This
reference frame is accelerated, and hence not inertial. The smaller g is, the larger a must be to keep the
block pinned against the front of the cart.
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IDENTIFY: Apply ©F =ma to each block.

SET Up: Use coordinates where +x is directed down the incline.

EXECUTE: (a) Since the larger block (the trailing block) has the larger coefficient of friction, it will need to be
pulled down the plane; i.e., the larger block will not move faster than the smaller block, and the blocks will have
the same acceleration. For the smaller block, (4.00 kg)g(sin30°—(0.25)cos30°)—7" = (4.00 kg)a, or

11.11 N—-7"=(4.00 kg)a, and similarly for the larger, 15.44 N+ 7 = (8.00 kg)a. Adding these two
relations, 26.55 N =(12.00 kg)a, a=2.21 /s>,

(b) Substitution into either of the above relations gives 7'=2.27 N.

(¢) The string will be slack. The 4.00-kg block will have a=2.78 m/s? and the 8.00-kg block will have

a=1.93 m/sz, until the 4.00-kg block overtakes the 8.00-kg block and collides with it.

EVALUATE: If the string is cut the acceleration of each block will be independent of the mass of that
block and will depend only on the slope angle and the coefficient of kinetic friction. The 8.00-kg block
would have a smaller acceleration even though it has a larger mass, since it has a larger s .




