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5.107. IDENTIFY: Apply F =ma to the circular motion of the bead. Also use @,y = 41°R/I” to relate Apaq tO

the period of rotation 7.
SETUP: The bead and hoop are sketched in Figure 5.107a.
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=S The bead moves in a circle of radius R =rsin /.

The normal force exerted on the bead by the hoop
is radially inward.

Figure 5.107a

The free-body diagram for the bead is sketched in Figure 5.107b.
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The free-body diagram for the bead is sketched in Figure 5.107b.

EXECUTE:
ncosf ZFy = may
ncosff—mg =0
n=mg/cos f}
XF, =ma,

nsin = mag,y

Figure 5.107b

Combine these two equations to eliminate n:

[ e )sin f=mag,

cosff
sinfi agg
cosff g

dpq =V*/R and v=27zR/T, so g = 47’ R/T?, where T'is the time for one revolution.
47%rsin i

R=rsinf3, so a,q= =
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Combine these two equations to eliminate »:

[ = ]sin/f =ma,y

cosff
M _ 9rad
cosff g
g =V*/R and v=27R/T, s0 ay =47*R/IT?, where T is the time for one revolution.
: 47%rsin 8
R=rsinf, so ag,y ZT
: 5 .
Use this in the above equation: ___smﬁ = M
cos I*g
i ion is sati i 1 472 o 72
This equation is satisfied by sin#=0, so =0, orby = 7; r’ which gives cos 3= ig :
cosfp T’g 4z°r

(a) 4.80 rev/s implies 7 =(1/4.80) s =0.208 s

(0.208 5)*(9.80 m/s?)
472(0.100 m)

(b) This would mean £ =90°. But cos90°=0, so this requires 7" — 0. So S approaches 90° as the

hoop rotates very fast, but #=90° is not possible.

(¢) 1.00 rev/s implies 7'=1.00 s

Then cos f= and S =83.8°.
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T2 " g
8 : 1.00 9.80 m/!
> equation then says cos /3 —w
ay 477(0.100 m)

way to have the ZF =md equations satisfied is for sin #=0. This means £ =0; the bead sits at the

The cos f= =2.48, which is not possible. The only

bottom of the hoop.
EVALUATE: £ —90° as 7' — 0 (hoop moves faster). The largest value 7" can have is given by

T 2g/(47r2r) =1 so 7' =2xr/g =0.635 s. This corresponds to a rotation rate of
(1/0.635) rev/s =1.58 rev/s. For a rotation rate less than 1.58 rev/s, =0 is the only solution and the bead
sits at the bottom of the hoop. Part (c) is an example of this.




image1.jpeg
SETUP: v, = dx/dt and v, = dy/dr; the magnitude of a vector is 4= \/ (Ai + Af,.).

EXECUTE: (a) Taking the derivatives gives v, (f) =0.280 m/s +(0.0720 m/sz)f and

v, (1) = (0.0570 m/s®)r*.

(b) Evaluating the position vector at 7=5.74 s gives x=2.79 m and y =2.593 m, which gives
r=4.55m.

(€) At 1=5.74s, v, =+0.69 m/s, v, =1.878 m/s, which gives v=2.00 m/s and tan@ =% so the

direction is & =69.8° (counterclockwise from +x-axis)
EVALUATE: The acceleration is not constant, so we cannot use the standard kinematics formulas.
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3.46. IpENTIFY: The acceleration is not constant but is known as a function of time.
SET Up: Integrate the acceleration to get the velocity and the velocity to get the position. At the
maximum height v, =0.

. _ a _ Yp _ aa Bo 73
EXECUTE: (a) vvaogrgt},vyfvoerﬁt—Et . and vam1+ﬁt LY =", +Et —gt.

(b) Setting v, =0 yields a quadratic in 7, 0=y, + Bt —%12. Using the numerical values given in the

. . - . 1 > AT
problem, this equation has as the positive solution t:;[ﬁJr R 'ﬁ + 2voyy] =13.59 5. Using this time in

the expression for y(7) gives a maximum height of 341 m.

(€) ¥=0 gives O=vo 1+ gtz 7%? and %tz —gt —y, =0. Using the numbers given in the problem,
the positive solution is #=20.73 s. For this 7, x=3.85 x10* m.

EvaLuaTe: We cannot use the constant-acceleration kinematics formulas, but calculus provides the
solution.




image3.tiff
4.38.

IDENTIFY: Use kinematics to find the acceleration and then apply Newton’s second law.

SETUP: The 60.0-N force accelerates both blocks, but only the tension in the rope accelerates block B.
The force F is constant, so the acceleration is constant. which means that the standard kinematics
formulas apply. There is no friction.

EXECUTE: (a) First use kinematics to find the acceleration of the system. Using x—x, =v,,/ + %a,tz
with x —xp = 18.0 m, v, = 0, and 1 =5.00 s, we get a, = 1.44 m/s’. Now apply Newton’s second law to
the horizontal motion of block 4, which gives F— T = mya. T = 60.0 N — (15.0 kg)(1.44 m/s?) = 384 N.
(b) Apply Newton’s second law to block B. giving T = mga. mz = T/a = (38.4 N)/(1.44 m/s>) = 26.7 kg.
EVALUATE: As an alternative approach, consider the two blocks as a single system. which makes the
tension an internal force. Newton’s second law gives F = (m, + mjp)a. Putting in numbers gives 60.0 N
=(15.0 kg + mj)(1.44 n/s), and solving for mj gives 26.7 kg. Now apply Newton’s second law to
either block A4 or block B and find the tension.
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5.104.

IDENTIFY: The block has acceleration a,,q = v2/r, directed to the left in the figure in the problem. Apply
SF =md to the block.

SET Up: The block moves in a horizontal circle of radius » =4/(1.25 m)? - (1.00 m)2 =0.75 m. Each

3 : : 1.00 .
string makes an angle @ with the vertical. cos®@ :ﬁ, s0 6=36.9°. The free-body diagram for the
25m

block is given in Figure 5.104. Let +x be to the left and let +y be upward.
EXECUTE: (a) XF, =ma, gives I}, cost—T;cosd —mg =0.
4.00 kg)(9.80 m/s>
e B gy WAAORDIC IO §
cosd €0s36.9°

2
(b) XF, =ma, gives (I, +1})sinf = ml.
r

=31.0N.

=3.53 m/s. The number of revolutions per

v_\/r(Tu +1,)sin0 _J(0.75 m)(80.0 N+31.0 N)sin36.9°

m 4.00 kg

OO ... ST SN S
27r  27(0.75 m)
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©If 7, >0, T,cos@=mg and T, = =

cosf c0s36.9° r
v= \/ g OB G, 2.35 m/s. The number of revolutions per minute is
m 4.00 kg
(449 rev/min)(%) =29.9 rev/min.
3.53 m/s

EVALUATE: The tension in the upper string must be greater than the tension in the lower string so that
together they produce an upward component of force that balances the weight of the block.
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Figure 5.104




