SAMPLE PROBLEM 2-1

One drives a beat-up pickup truck along a straight road for 8.4 km
at 70 km/h, at which point the truck runs out of gasoline and stops.
Over the next 30 min, he walks another 2.0 km farther along the
road to a gasoline station.

(a) What is the overall displacement from the beginning of his
drive to his arrival at the station?

X

Calculation: E 8.4 km E 2 km

Ax = x5, —x; = 104 km — 0 = 10.4 km.

Thus, the overall displacement is 70.4 km in the positive direction

of the X axis.




(b) What is the time interval At from the beginning of his drive to his
arrival at the station?

) _ . ﬁ*"';dr
Calculation: We first write Vyypdr = At
dr
Rearranging and substituting As o Ax g, 2 34km 012 h
d,r —_— e ¥

data then give us Vagar 70 km/h

So, Af = Aty + Ay R,
= 0121 +050h = 062,

(d) What is the average speed v,,, from the beginning of his drive to his
arrival at the station? Find it both numerically and graphically.

o Ay 104 km
e AL 0620
= 16.8 km/h = 17 knv/h,

Calculation: Here we find




SAMPLE PROBLEM 2-1

Driving ends, walking starts.
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How long:
At =0.62 h

The average velocity is the slope of the straight line connecting
the origin to the final position



Sample Problem m

The position of a particle moving on an x axis is given by

x=78+92r— 218, (2-5)

with x in meters and 7 in seconds. What is its velocity at
t = 3.5 s? Is the velocity constant, or is it continuously
changing?

dx d
At di
which becomes

v=0+92-(3)2.1)* =92 — 6.3 (2-6)
Atr=335s,

v =92 — (6.3)(3.5)° = —68 m/s. (Answer)

V =

(7.8 + 9.2t — 2.18%),




Sample Problem m Build your skill Positive direction — p

M Negative direction
| | | | : |

A particle’s position on the x axis of Fig. 2-1 is given by .
-t -3 =2 -1 () 1 r

= x| 111 )

T 5 7
X=4-21t+r. Negatve cooidinate | Positive coordinaie
with x in meters and ¢ in seconds. values ¥ ¥Rl
Chrigin

(a) Because position x depends on time ¢, the particle
must be moving. Find the particle’s velocity function
v(1) and acceleration function a(?).

Calculations: Differentiating the position function, we find

v==27+ 3t (Answer)

with v in meters per second. Differentiating the velocity
function then gives us

a= +6t, (Answer)
with a in meters per second squared.

Calculation: Setting v(r) = 0 yields
0=-27 + 32,
(b) Isthere ever atime whenv = 0?7  which has the solution

t= *3s (Answer)



\s CHECKPOINT 4

The following equations give the position x(¢f) of a particle in four situations: (1) x =
3t—4;(2) x = =5 + 4% +.6; (3) x:= 202 = 4/t; (4) x = 5t — 3. To which of these
situations do the above equations apply?

dx d®x

(1)1!2523 = ﬁ:l}....r:ﬂnst{mt

(2} v = & AR EE e £:= —30t + 8 ....not constant

dt dt
d?x
(3) &= — = not constant
d d?
() v===10t a= — =10....constant
dt dt?
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The figure gives a particle's velocity v
versus its position as it moves along
an x axis with constant acceleration.
What is its velocity at position x = O?
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From the graph, We have: v = 0 and x = 70 m. then using
=g 4 2alx — %)
(0 m/s)? = (8 m/s)? + 2a(70m — 20 m)

which gives us a = -0.64 m/s?

Also we have: v =8 m/s and x = 20 m,

(8 m/s)? = v§ + 2a(20 m — 0)

Then substituting for a and solving for vO results in vy = 9.5 m/s.



"CH ECKPOINT 5

(a) If you toss a ball straight up, what is the sign of the ball’s displacement for the as-
cent, from the release point to the highest point? (b) What is it for the descent, from the
highest point back to the release point? (c) What is the ball's acceleration at its highest

point?
S )3: ¥
p=0at !
- highest point ’Lt
:?
=1
L
axis, with an initial speed of 12 m/s. ::\
(a) How long does the ball take to - ii s
. . . e LA i . '
reach its maximum height? Duringascent,~{| | =%
a=g ||| speed
: . : L o’ MCreases,
Calcc_llatlon. Knowing v, a, and _the initial :g;esell:l;cci:;ases, Wi
velocity Vo = 12 m/s, and seeking t, we becomesless 1} | becomes
. positive 'r * TLHME
solve the equation S || negative
13—
V=1 + at F A
o=y (0 — 12 m/s
f= = =123

a —0.8 m/s®




(b) What is the ball's maximum height above its release point?

Calculation: \We can take the ball's release point as y, = 0. Set
y—y,=y and v = 0 (at the maximum height), and solve the equation
vi—vi 0 — (12 m/s)?

2 2 R - —
VST haay e S )

(C) How long does the ball take to reach a point 5.0 m above its
release point?

Calculation: We know y,, a=-g, and displacement y —y,=5.0 m,
and we want t, so we set y,=0 and use the equation

: Y g . ]
X — Xo = Vol + 3 a1 > Y = Vol — 381°
50m = (12m/s)t — (5)(9.8 m/s?)r?
—> 497 —12t+50=0 > t=053s and (=195




8.00 s while smoothly slowing
down to a final speed of 2.80 m/s. (a) Find its original

speed. (b) Find its acceleration.

SOLUTION

(a) K—xg=%(vﬂ+v)t

1 m
40 m = E(pﬂ ot 2.8;) (85 s) vy = 6.61 m/s

V—v, 28-6.61m/s
b HAHS

(b) a= = —0.448 m/s?



Samples of Exam Questions



Displacement

Q.14 | he position of a ball thrown vertically upward is given by the equation y = TU.U+12.0t- 5.000° (Sl units),
the height at t=0 is:
(A) 15 m (B) 1T m (C1Sm (D) Zero (E) 10m

ly=10+12t-5 = y(t=0)=10m|




Average & instantaneous Velocity

Q.8 A bicycle travels 12 km in 90 min. Its average speed is:

(A) 48 km/h (B) 18 km’h (C) 8 km/h (D) 0.3 km/h (E) 36 km/h
t:90min:%=1.5h
60
V.= Av_ 12 =8 km/h
S At 1.5

= —

Q.7 A bicycle travels 15 km in 30 min. Its auerag'e";péed IS:
(A) 48 km/h (B) 18 km/h (C) 8 km/h (D) 0.3 km/h (E) 30 km/h

t:30min:£:0.5h
60

Ax = L5 =30 km/h

YV —
At 0.5




Average & instantaneous Velocity

Q.6 A car moves along a straight line with velocity in m/s given by v :f"]r +3 The velocity at t=0 is:
(A) zero (B) 4 m/s (C) 3mls (D)2 m/s (E) 6 m/s

‘v:t2+3 = v(t=0)=3 m/s\

Q.13 A car moves along the x-axis with constant deceleration, the speed of the car is:
(A) Decreasing (B) Increasing (C) 9.8 mis® (D) Lero (E) none of these

Q.12 An object falling toward the earth’s surface will have velocit ' itude is: (Ignore air resistance)
(A) Decreasing (B) Zero (C) 9.8 m/s® (D) Increasing (E) none of these




Average & instantaneous Velocity

Q.8 The position of an Ebjéct IS g:i.ren by x =4l + 2¢ Its average velbcif{r over the time interval from t = 0 to
t=4sis:
(A) 8 m/s (B) 10 m/s (C)12 m/s (D) 14 mis (E) 16 m/s

X(t=4)=4x4+2x4"=48m  x(t=0)=0
y A x(t=4)-x(t=0) 48-0
Yt At 4—0 4—-0

=12 m/s




Average & instantaneous Acceleration

Q.4 The instantaneous acceleration ¢ is given as:

(A IE (B) if d—l] (C) — d ({it ] (D) ﬂr [ i ] (E) t—[ft'h:
di dr\ dt” ) dr=\ dt ;i’! ca’! :

Q.5 A paml:la ls moving along the negative x-axis with constant velocity. The magn:tude of its acceleration 1s:
(A) -8 mis” (B) zero (C) constant (D) 9.8 m/s’ (E) 980 cm/s’

Since the particle moves with constant velocity, its acceleration is zero




Average & instantaneous Acceleration

]
Q.6 A car moves along a straight line with velocity in m/s givenby v=1~ +3 The velocity at t=0 is:

(A) zero (B) 4 m/s (C) 3mls (D)2 m/s (E) 6 m/s
Q.7 Referring to question 6, the acceleration of the car att = 4s is . .
(A)B m/e” (B) 8 m/s’ (C) 10 mis? (D) 12m/s” (E) Am/s’

dv

2

a=;=2t = a(t=4)=2x4=8m/s
[




Average & instantaneous Acceleration

Q.9 A particie is moving along a straight line. At t=3s its velocity is 20 m/s and at t=8s its velocity is zero. The

average acceleration is: . ) )
(A) -6 m/s® (B) -2 m/s® (C) -3 m/s® (D) -4m/s°’ (E) -5 m/s*®

“Av v(r=8)—v(t=3) 0-20 -20

a, = = = —4m/s’
A 8—3 8—3 5




Constant Acceleration

Q.10 A car travels in a straight line with an initial velocity of 4 m/s and an acceleration of 2 m/s* . The distance

traveled in 4s is:
((A) 36 m (B)40 m (C)24 m (D) 28 m (E) 32 m

v, =4m/s a=2m/s> t=4s x-x,(?) = v(missed)

X=X, =v0t+lat2 =4X4+1X2X42 =32m
2 2




Constant Acceleration

Q.11 A car, initially at rest, travels 32 m in 4 s along a straight line with constant acceleration. The

acceleration of the car is:

(A) 4 mis® (B) 5 m/s’ (C) & m/s°® (D) 2 m/s” (E) 3 m/s”
v, =0m/s a=" t=4s x-x,=32m = v(missed)
1 2(x-x 2x32
X—Xx,=vt+—at’=0+—at’ =—at’ = a= ‘ 20): = 4 m/s’
2 t 4x4




Constant Acceleration

I M

Q.12 What is the initial speed of a car moving a distance of 60 m in 6 s if the final speed was 15 m/s?

(A) 16 mls (B) 10 m/s (C) 5 m/s (D) zero (E) 20 m/s

Vv, =" v=15m/s t=6s x-x,=60m = a(missed)

1 2Ax—x
x—=x,=—V+v, )t = v+vy, = (=)

2 t

20x—x 2x60
= V= ( 0)—v=——15:5m/s

[




Constant Acceleration

Q.30 A car moving with constant acceleration covers the distance between two points 60 m apart in 4 seconds. If its
speed as it passes the second point is 20 m/s, its speed at the first point is:

(A) 20 m/s (B) 10 m/s (C) & mis (D) 45 mis (E) 30 m/s
Vv, =" v=20m/s t=4s x-x,=60m = a(missed)
| 2lx—x
X=Xy =—V+v, )t = v+y,= (x =)
2 t
2lx—x 2x60
= v, = ( O)-vz -20=10m/s

t 4




Constant Acceleration

Q.7 A car uniformly changes its speed from 20 m/s to 5 m/s in 5 s. The distance moved in the third second is:

(A) 56 m (B) 46.5 m (C) 34 m (D) 12.5 m (E)9.5m
(1) v, =20m/s v=5m/s t=35s x-x,(t=5s)=missed & a="?
v—y, 5-20
v=v,tat = v-v,=at = a= 0 : =-3m/s”
{

t=3s

a=-3m/s’

(2)v, =20m/s

x—xo(t = 3s):?

v (missed)

X-X, = V,t +%a12 =20x3 +%x(-3)x32 =60-13.5=46.5m

Q.6 A car uniformly changes its speed from 20 m/s to 5 m/s in 5 s. The distance moved in the fourth second is:

(A) 56 m (B) 9.5 m (C)B2.5 m (C)y3 m (E) 46.5 m
(1) v, =20m/s v=5m/s t=35s x-x,(t=5s)=missed & a=?
gV _ 5-20 _ 3m/s?

t 5

(2)v, =20m/s

t=4s

x-xo(t = 4s)= ?

a=-3m/s’

X-X, =V, +%at2 =20x4 +%X(-3)X42 =80-24=56m

v (missed)




Free fall acceleration

Q.6 An object thrown vertically upwards will have velocity that its magnitude is: (Ignore air resistance)
(A) Zero (B) Increasing (C) Constant D) Decreasin (E) none of these

Q.10 At the earth's s thrown straight up from a bridge would have an acceleration of magnitude:
(A) less than 9.8 m/s®[B) 9.8 m/s (C) more than 9.8 m/s*(D) Zero (E) none of these

Q.13 A baseball is thrown vertically up into the air. The acceleration of the ball at its highest point is:
(A)-19.6 m/s® (B) 19.8 m/s* (C) + 9.8 mis® (D) -9.8 mls® (E) zero

‘The acceleration is a vector, then it is equal to -9.8 m/s?




Free fall acceleration

Q.14 An object is thrown straight up from ground level with a speed of 30 m/s, Its height after 1.0 s Is:
(A) 151 m (B)YS.1m (C)45.1 m (D) 35.1m (E)25.1 m

v, =30m/s g=98m/s’ t=1s yy,=? = v(missed)

V=1, :vot—%gt2 :3Oxl—%x9.8xl2 =30-49=25.1m




Free fall acceleration

Q.16 A stone dropped off a 75 m high building reaches the ground in:

(A)391s (B)2.86s

(C)1.35s

(D) 5.53s

(E) 4.95s

v, = 0 m/s (free drop) g=9.8 m/s’> t=9?

Y-y, =—75m = v(missed)

| | | 2 2(0-y,)
—y,=vt——gt - =0——gt' =——gt" = ="
Y=Vo =Y 2g 2g 2g o
2(v- 2X(—
f= |20 =\/— X(79) _ 391
g 9.8
Q.17 Referring to question 16,the speed of the stone just before reaching the ground is:
(A) 54.2 m/s (B) 48.5 m/s (C)38.3 m/s (D) 28 m/s
v,=0m/s g=9.8m/s> ¢t=391ls yy,=-75m v=2?

v=v,+at=0-gt=-9.8x3.91=-38.8m/s = speed =38.8m/s

Morouj Q

(E) zero



Free fall acceleration

Q.9 A ball is thrown vertically upward at a speed of 21 m/s. It will reach its maximum height in:
(A)1.8s (B)2.1s (C)0.60s (D) 0.33 s (E) 1.2 s

v, =2lm/s v=0m/s g=9.8m/s> t=? y-y,(missed)

vo—v 21-0
vV=y,—gt = gt=vy,—-v = t= = =2.1s
g 9.8

Q.12 A ball is thrown vertically upward from ground level to reach a maximum height of 98 m. The initial
speed is:
(A) 43.8 m/s (B) 100 m/s (C) 25 mfs (D) 31.3 m/s (E) 49 m/s

v=0m/s 2=9.8 m/s’ vo=7  yy,=98m t (missed)

Vv =1, =2g(y-y,) = vi=v"+2g(y—y,)=0+2x9.8x98 =1920.8
v =43.85s m/s




Free fall acceleration

Q.29 A boy shot a football vertically up with an initial speed v,. When the ball was 2 m above the ground, the
speed was 0.4 of the initial speed. The initial speed is :
(A) 6.8 m/s (B) 3.4 m/s (C) 11.8 m/s (D) 4.8 m/s (E)12.6 m/s

v=04y, g=98m/s° v =? yy,=2m ¢(missed)
v=vi-2g(y-y,) = vi=v+2g(y-y,)=0.4x0.4v] +2x9.8x2=0.16v; +39.2°
v2=0.16v2+392 = v2—0.16v2 =392 = 0.841? =392

, 392

Vo = —— = v=6.8m/s
0.84




