Chapter 2

1. The speed (assumed constant) is v = (90 km/h)(1000 m/km) /(3600 s/h) = 25 m/s.
Thus, in 0.50 s, the car travels a distance d = v¢ = (25 m/s)(0.50 s) ~ 13 m.

g 4¢" + £ with SI units understood is efficient (and is the approach we

will use), but if we wished to make the units explicit we would write
x=0G m/s) — (@ m/sHF + (1 m/s’)r.

We will quote our answers to one or two significant figures, and not try to follow the
significant figure rules rigorously.

(a) Plugging in =1 s yieldsx =3 -4+ 1=0.

(b) With =2 s we get x = 3(2) — 4(2/+(2’ =2 m.

(c) With =3 s we have x =0 m. |

(d) Plugging in 7 =4 s gives x = 12 m.

For later reference, we also note that the positioﬁ attr=0isx=0.

(e) The position at ¢ = 0 is subtracted from the position at 7 = 4 s to find the
displacement Ax = 12 m.

(f) The position at ¢ = 28 1s subtracted from the position at # = 4 s to give the
displacement Ax = 14 m. Eq. 2-2, then, leads to

Ax_14m

Vo = =7 m/s.
At 2s

(g) The position of the object for the interval 0 < ¢ < 4 is plotted below. The straight
line drawn from the point at (z, x) = (2 s, -2 m) to (4 s, 12 m) would represent the
average velocity, answer for part (£).
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10. Let v, be the speed of the wind and v, be the speed of the car.

(a) Suppose during time interval £, the car moves in the same direction as the wind.
Then the effective speed of the car is given by v, =v. +v,, and the distance traveled
is d=vg,t, =, +v,)f.Onthe other hand, for the return trip during time interval #,
the car moves in the opposite direction of the wind and the effective speed would be
V2 =V.—V,. The distance traveled is d =v,;,t, =(v, =V, )b The two expressions
can be rewritten as

v,+v,=— and v, —-v, =—
Z‘1 t2

Adding the two equations and dividing by two, we obtain v, =%(?+?] Thus,
1 2

method 1 gives the car’s speed v, a in windless situation.

(b) If method 2 is used, the result would be

Y= d _2d 2d - vvf—va__v - v_w2
()2 i+t _d d v, ¢ v. ) |

VC+VW V. =W

The fractional difference is

2
Y e :[V—wj = (0.0240)* =5.76x10™" .
\% v
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18. (a) Taking derivatives of x(f) = 127 — 27 we obtain the velocity and the
acceleration functions:

W) =24t— 67 and a(f)=24-12t

with length in meters and time in seconds. Plugging in the value ¢ = 3 yields
x(3)=54 m.

(b) Similarly, plugging in the value ¢ =3 yields v(3) = 18 m/s.
(c) For t=3, a(3) =—12 m/s’.

(d) At the maximum x, we must have v = 0; eliminating the 7 = 0 root, the velocity
equation reveals t = 24/6 = 4 s for the time of maximum x. Plugging 7=4 into the
equation for x leads to x = 64 m for the largest x value reached by the particle.

(e) From (d), we see that the x reaches its maximum at /= 4.0 s.

(f) A maximum v requires a = 0, which occurs when ¢ = 24/12 = 2.0 s. This, inserted
into the velocity equation, gives vmax = 24 m/s.

(g) From (f), we see that the maximum of v occurs at = 24/12=2.0 s.

(h) In part (e), the particle was (momentarily) motionless at ¢ = 4 s. The acceleration at
that time is readily found to be 24 — 12(4) =24 m/s”.

(i) The average velocity is defined by Eq. 2-2, so we see that the values ofxatr=0
and 7 = 3 s are needed; these are, respectively, x = 0 and x = 54 m (found in part (a)).
Thus,

voww= 220 <18 s,



23. Since the problem involves constant acceleration, the motion of the electron can
be readily analyzed using the equations in Table 2-1:

v=yv,+at (2-11
x—x0=v0t+%at2 (2-15)
V=2 +2a(x-x)  (2-16)

The acceleration can be found by solving Eq. (2-16). With v, =1.50x10 m/s,
v=5.70x10° m/s, xo= 0 and x = 0.010 m, we find the average acceleration to be
. v =12 (5.7x10° m/s)’ —(1.5x10° m/s)’

= =1.62x10" m/s’.
2x 2(0.010 m)

33. The problem statement (see part (a)) indicates that a = constant, which allows us
to use Table 2-1.

(a) We take xo = 0, and solve x = vyt + %at2 (Eq. 2-15) for the acceleration: a = 2(x —
vot)/7*. Substituting x = 24.0 m, v = 56.0 km/h = 15.55 m/s and 7 = 2.00 s, we find

L2 2 (24.0m - (15.55m/s) (2.00s))

5 = —3.56m/s”,
t (2.00s)

or |a| =3.56 m/s>. The negative sign indicates that the acceleration is opposite to
the direction of motion of the car. The car is slowing down. '

(b) We evaluate v = vy + at as follows:

v=1555m/s - (356 m/s’*) (200 s) =843 m/s

which can also be converted to30.3 km/h.

64. The graph shows y = 25 m to be the highest point (where the speed momenj[arily
vanishes). The neglect of “air friction” (or whatever passes for that on the distant

planet) is certainly reasonable due to the symmetry of the graph.

(a) To find the acceleration due to gravity g, on that planet, we use Eq. 2-15 (with +y
) 1 1 2
y——y0=vt+5gpt2 = 25m—0=(0)(2.58)+5gp(2.55)

so that g, = 8.0 m/s’.

(b) That same (max) point on the graph can be used to ﬁnd the initial velocity.

(Vo + 0) (2.5 s)

N | —

y—yoz—;—(v0+v)t = 25m-0=

Therefore, vo = 20 m/s.



