
The slope of the x vs. t graph is everywhere the same if the velocity is 
constant. But If the velocity changes, the slope of the x vs. t graph also varies. 
Consider, for example, a car that accelerates uniformly from rest to 15 m/s in 
15 s, after which it remains at a constant velocity of 15 m/s for the next 5.0 s, 
decelerates to 5.0 m/s during the following 5.0 s, and then remains at this 
constant velocity. The velocity as a function of time is shown in the graph of 
Fig. 2-19a. Now, to construct the x vs. t graph, we can use Eq. 2-lOb with 
constant acceleration for the intervals t = 0 to t = 15 s and t = 20 s to t = 
25 s, and with constant velocity for the periods t = 15 s to t = 20 s and after 
t = 25 s. The result is the x vs. t graph of Fig. 2-19b. 

From the origin to point A on the plot, the x vs. t graph is not a straight 
line, but a curve. The slope of the curve at any point is defined as the slope of 

Slope of a curt:e	 the tangent to the curve at that point. For example, the tangent to the curve at 
the time t = 10.0 s is drawn on the graph (it is labeled "tangent"). A triangle 
is drawn with Az chosen to be 4.0 s; .6.xcan be measured off the graph for this 
chosen.6.t and is found to be 40 m. Thus, the slope of the curve at t = 10.0 s, 
which equals the instantaneous velocity at that instant, is v = .6. x/.6.t = 
40 m/4.0 s = 10 m/s, [This is the same result we get if we apply v = at 
with t = 10.0 s and with a for the first 15 seconds being a = .6.v/.6.t = 

(1.0 m/s2)(l0.0 s)(15 m/s - 0 m/s)/15 s = 1.0 m/s2; then v = at = = 
10 m/s.] In the region between A and B (Fig. 2-19) the x vs. t graph is a 
straight line and the slope can be measured using the triangle shown between 
t = 17 s and ( = 20 s; .6. x/.6.t = 45 m/3.0 s = 15 m/s, 

Suppose we were given the x vs. t graph of Fig. 2-19b. We could mea­
sure the slopes at a number of points and plot these slopes as a function of 
time. Since the slope equals the velocity, we could thus reconstruct the v vs. 
t graph! In other words, given the graph of x vs. t, we can determine the 
velocity as a function of time using graphical methods, instead of using 
equations. This technique is particularly useful when the acceleration is not 
constant, for then Eqs. 2-10 cannot be used. 

The reverse process is also possible. If we are given the v vs. t graph, we 
can determine the position, x, as a function of time. To do so, we use the 

FIG U R E 2-19 (a) Velocity vs. time and (b) displacement vs. time for an object with variable velocity. (See text.) 
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FIG U R E 2-20 Determining the displacement from the graph of u vs. t is done by calculating areas. 

II 

following procedure, which we apply to the v vs. t graph of Fig. 2-20a 
(which is the same as Fig. 2-19a). We first divide the time axis into many 
subintervals (in Fig. 2-20a, only six for simplicity), which are indicated in 
the figure by the dashed vertical lines. In each interval, a horizontal dashed 
line is drawn to indicate the average velocity during that time interval. For 
example, in the first interval, the velocity increases at a constant rate from 
zero to 5.0 m/s, so v = 2.5 m/s; and in the fourth interval the velocity is a 
constant 15 m/s, so v = 15 m/s (no horizontal dashed line is shown since it 
coincides with the curve itself). The displacement (change in position) dur­
ing any subinterval is, from the definition of average velocity, ilx = vAt. 
Thus the displacement during each subinterval equals the product of v and 
At, and this is just the area of the rectangle, shown shaded in rose, for that 
interval. The total displacement after 25 s, say, will be the sum of the first 
five rectangles. 

If the velocity varies a great deal, it may be difficult to estimate v from 
the graph. To reduce this difficulty, more-but narrower-subintervals are 
used. That is, we make each ilt smaller, as in Fig. 2-20b. Ideally, we could 
let ilt approach zero; this leads to the techniques of integral calculus, which 
we don't discuss here. The result, in any case, is that the total displacement 
between any two times is equal to the area under the v us. t graph between 
these two times. 

EXAMPLE 2-13 A space vehicle accelerates uniformly from 50 m/s at 
t = 0 to 150 rn/s at t = 10 s. How far did it move between t = 2.0 sand 
t = 6.0 s? 

SOLUTION A graph of u vs. t can be drawn as shown in Fig. 2-21. We 
simply need to calculate the area of the shaded region shown in rose, which 
is a trapezoid. The area will be the average of the heights (in units of 

. 'velocity) times the width (which is 4.0 s). At t = 2.0 s, v = 70 m/s; and at 
t = 6.0 s, v = 110 m/s. Thus the area, which equals Ax, is 

70 fils + 1l0m/s)
ilx = . 2 . (4.0s) = 360m.( 

In cases where the acceleration is not constant, the area can be obtained by 
counting squares on graph paper. 

Displacement = area 
under z.: us. t graph 
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FIG U R E 2-21 Example 2-13: 
the rose-shaded area represents the 
displacement during the time interval 
t = 2.0 s to t = 6.0 s 
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15.	 An object that is thrown vertically upward will return 
to its original position with the same speed as it had 
initially, if air resistance is negligible. If air resistance 
is appreciable. will this result be altered, and if so, 
how? [Hint: The acceleration due to air resistance is 
always in a direction opposite to the motion.] 
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FIG U R E 2-22 Question 16, Problems 52, 53. and 58. 

•	 PROBLEMS 

[The problems at the end of each chapter are ranked I, Il, 
or III according to estimated difficulty, with I problems 
being easiest. The problems are arranged by sections, 
meaning that the reader should have read up to and includ­
ing that section, but not only that section-problems often 
depend on earlier material. Finally, there is a set of un­
ranked' 'General Problems" not arranged by section num­
ber.] 

SEC TI 0 N S 2-1 TO 2-6 

1.	 (1) What must be your average speed in order to travel 
330 km in 4.25 h? ._.~., 

2.	 (I) At an average speed of 25.0 km/h, how far will a 
bicyclist travel in 110 min? 

3.	 (1) A bird can fly 25 km/h How long does it take to 
fly 18 km? 

4.	 (1) If you are driving 110 krn/h and you look to the 
side for 2.5 s, -how far do you travel during this inat­
tentive period? 

5.	 (I) 55 mph is-how many (a) krn/h, (b) m/s, and (c) 
ft/s? 

5. (I) Determine the conversion factor between (a) krn/h\ 
and mi/h, (b) m/s and ft/s, and (c) mi/h and rn/s. 

-----8.5 km----,--- ­

c:"\\19 Describe in words the. motion plotted. in Fig. 2-~2. 
'. [Hmt: FITst try to duplicate It by walking or moving 

((--'l your hand.] 
\*17'~ Describe in words the motion of the object graphed in 
,,,,,,<,j Fig. 2-23. 
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FIG U R E 2-23 Question 17, Problems 54, 57, and 59. 

7.	 (II) A person jogs eight complete laps around a 
quarter-mile track in a total time of 13.5 min. Calcu­
late (a) the average speed and (b) the average veloc­
ity, in m/s, 

8.	 (II) A horse canters away from its trainer in a straight 
line, moving 150 m away in 14 s. It then turns 
abruptly and gallops halfway back in 4.5 s. Calculate 
(a) its average speed and (b) its average velocity for 
the entire trip, using "away from the trainer" as the 
positive direction. 

9.	 (II) Calculate the average speed and average velocity 
of a complete round trip in which the first 200 km is 
covered at 90 km/h, followed by a one-hour lunch 
break, and the final 200 km is covered at 50 krn/h, 

10.	 (II) An airplane travels 2400 km at a speed of 
800 km/h, and then encounters a tailwind that boosts 
its speed to 1000 km/h for the next 1800 km. What 
was the total time for the trip? What was the average 
speed of the plane for this trip? [Hint: Think carefully 
before using Eq. 2-lOd.] 

11.	 (II) Two locomotives approach each other on parallel 
tracks. Each has a speed of 120 km/h with respect to 
the ground. If they are initially 8.5 km apart, how long 
will it be before they pass each other? (See Fig. 
2-24.) 

FIG U R E 2-24 Problem II. 
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FIG U R E 2-28 Problem 50, 

50.	 (ill) A stone is thrown vertically upward with a speed 
of 12,0 m/s from the edge of a cliff75.0 m high (Fig, 
2-28). (a) How much later does ifreach the bottom of 
the cliff? (b) What is its speed just before hitting? (e) 
What total distance did it travel? . 

51.	 (Ill) A baseball is seen to pass upward by a window 
25 m above the street with a vertical speed of 12 m/s. 
If the ball was thrown from the street, (a) what was its 
initial speed, (b) what altitude does it reach, (e) when 
was it thrown,' and (d) when does it reach the street 
again? 

*SEC T I 0 ~ 2-11 

{3 (Ij.The position of a rabbit along a straight tunnel as a 
function of time is plotted in Fig. 2-22. Whatis its 
instantaneous velocity (a) at t = 10.0 s and (b) at t = 

G
30.0 s? Wbat is its average velocity (e) between t = 0 
and t = 5.0,s, Vi) between t = 25.0 sand t = 30.0 s, 
an d (e) between t = 40.0 sand t = 50.0 s? 

,53. (I) In Fig. 2-22, (a) during what time periods, if any. 
,	 is the object's velocity constant? (b) At what time is 

its velocity the greatest? (e) At what time, if any, is 
the velocity zero? (d) Does the object run in one di­
rection or in both along its tunnel during the time 
shown? 

~.[54'!. II) Figure 2-23 shows the velocity of a train as a o function of time (a) At what time was its velocity 
greatest? (b) During what periods, if any, was the ve­
locity constant? (c) During what periods, if any, was 
the acceleration constant? (d) \\TJ1en was the magni­
rude of the acceleration greatest? 

*55.	 (II) A high-performance automobile can accelerate 
approximately as shown in the velocity-time graph of 
Fig. 2-29. (The jumps in the curve represent shifting 
of the gears.) (a) Estimate the average acceleration of 
the car in second gear and in fourth gear. (b) Estimate 
how far the car traveled while in fourth gear. 

*56.	 (II) Estimate the average acceleration of the car in the 
previous problem (Fig. 2-29) when it is in (a) first, 
(b) third, and (e) fifth gear. (d) What is its average 
acceleration through the first four gears? 

~ (II) In Fig. 2-23, estimate the distance the object trav­
""J eled during (a) the first minute and (b) the second 

, minute. 

SS. 11) Construct the v vs. t graph for the object whose @;
,	 displacement as a function of time is given by Fig. 

2-22. 

1r~ (II) Construct the x vs. t graph for the object whose 
V velocity as a function of time is given by Fig. 2-23. 

FIG U R E 2-29 The velocity of a high-performance 
automobile as a function of rime, starting from a dead stop. 
The jumps in the curve represent gear shifts. (Problems 55 
and 56.) 
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~ PHYSICS C EQUA nONS FOR 2001 : 

. . 
MECHANICS "ELECI'RICITY AND MAGNJITISM
 

1) = va + at 

1 2 
X = Xo + vot + '2at 

1)2 = vo2 +2a (x - Xo) 

~F =Flid = rna 

- dpF -tit 

J=IFdt==flp 
P =1Ttf 

Ffric ~ pH 

W = iF· ds 

K:::: ~ mv2 

dW 
p = tit 

AUg = mgh 
2v

Q = -= (JJ2rc r 
-t=y'xF 

L -e == "t.net -= Ia. 

1= J'T
2dm = I,mr2 

rem = Lmr(£m 
v = rDJ 

L = r x p = JeD 
1 7 :IK =-;:; JOJ ... 

tD=t»o+at 
.' 1 2 

lJ =.lJo+~t + 2" at 

Fs =-Jex 

1 ]a:!
Us ='2 

21!	 1 
T=70=! 

t, =2nN 
T= 21!{fp 

F	G 
-
-

- Grtlj
2
tnz rA 

. r 

~~ 
UG =- T 

rV\!~" 
Q = acceleration ­
F=force N 
f = frequency 
h=.height "" 
I = rotational inertia 
J = impulse 
K =kineticenergy 
k =-spring constant 
f. = length yY\ 

L = :angular momentum 
m= mass rv-, 

N= normalforce Ai 
p= power 
p = momentum 
r :: radius or distance (V\ 

s = displacement (Y' 

T=-period 
t =time ~ 
U= potential energy 
v = velocity or speed 
·W=work 
x =-position 
!J= .coefficient-offriction 
8=m1g1e 
l' -= torque 
(1J = angularspeed 
a:: angular acceleration 

F::...1- qlq2 
4nEo	 r 2 

FE=­q 

~E.dA=.Q 
Eo 

dV 
E =- tiT 

V - _1_~!lL 
- 4nEo -4- Ii 

I 

- V ., 1UE -q ---- ­4nEo	 r 

c=Q
V 

_ KEOA 
C - d 

Cp = ~Ci 
I 

.L=I.1...c,	 i Ci 
dQ1 ­

-tit 

112 
Uc=2'QV -= '2 CV 

_ pi
R - A 
V=lR 

R =~Rjs . 
I 

. _1 =:L-1 
R i R jp 

P = IV 

FM = qv xB 

9> B • dQ = /Jf)! 

F = I Id~ x B 

Bs = /Jf)nl 

.4z =:f B· ciA 

e=-~ 
. dI 
e = -L cit 

1 2 
UL =2 U 

qlq2 

A == area 
B = magnetic field 
C =capacitance 
d = distance 
E =electric field 
E=emf 
F= force 
I = current 
L = inductance 
i. = length 
n	 = number of loops of wire 

per unit length 
P=power 
Q= charge 
q = pointcbarge 
R = resistance 
T = distance 
t :: time 
U =potential or storedenergy 
V = electric potential 
v = velocity«~ 
p = resistivity 

..tAn = magnetic flux 
Ie = ~e1ecttic coostant 

A
 



AP@ PlITSICS C EQUATIONS FOR 2001 

GEOMETRY ANDTRIGONOMErRY 

Rectangle A =area 
A = bh C= circumference 

Triangle V::: volume 

A = 21 bh S = surface area 
b = base 

Circle h-=--height
 
A =,"2 l = length
 
C = 2nr w= width
 

Parallelepiped r = radius
 
V = lwh 

Cylinder 
V = zr 2l
 
S = 2trr1. + 2m"2
 

Sphere
 
4 3


V=3'1z:r 
S = 4m 2
 

Right Triangle
 
2 + b 2 2 a = c c/'1a 

sine = E.. ~ c 
b 

b 
~o=­c 

uno=!!..
b 

CALCULUS 

df df du 
tk=du"dx 

d ( "). n-I- X =nxtk· 

~(~) =e
x 

d 1-(In.x) =­
tk x 

~ (sinx) = a:6X 

.E... (cos x) = -sinx
dx 

Jx"~=-.Llxn+l. n:;l!:-l
n+ 

J~dx=C 

f~=lnlxl 
Jtxe xdx =sinx 

JSnxdx = -em x 



PROPER FORM FOR ASSIGNMENTS 

Note: Neatness and accuracy in doing assignments count! 

A «ignments are a very important part of this course; because of the approach used in the course 
and because of the course's objectives, the assignments will probably be more important in this course 
thantheyhave been in anycourse you have taken until now. . .. 

1. Be neatl Use pen and write on paper of standard size: 8.0 by 10.5 inches. Write neatly and . 
legibly. Use a straight edge whenever drawing lines, especially in diagrams and graphs. DO NOT tear 
paper out of spiral notebooks or binders. 

2. Have a proper heading! Begin the top of each page of an assignmcnt with your name, your 
physics or chemistry number, and the date the assignment is due, in that order from left to right. 

3. Usc Dine-step format for problems! Do all problems in the special form (or solving problems. Be 
sure to show all nine steps clearly. Be sure to show scrap work in the scrap column. Solve problems on 
saap paper before you do work on good paper. 

4. Mistakesz! U your paper is returned to you with the notation: CORREcr, REWRITE AND 
RESUBMIT WITH ORIGINAL this means that for the following day you must recopy tbe entire 
assignment correcting any mistakes in the first copy submitted and band in both copies. 
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REVIE\V OF THE TRlGO\O.\1ETRY OF THE RIGHT TRI.-\\GLE 

ISt'te: Exscnrially, [his i~·a mailer \llle:lrOlr.~ {n U~;: the [;Jl':>k III the \·;.dlJ<':" "t' ,ir.':.I.:,hint:. .lI1U tan­
geor: TAB LE 6 On pages 1'>3: & 1')33 of .\fodt!m Physics. More extensive details an: given on pages II Ltl ,'.; 
617.) 

In a right triangle. the hypotenuse is (he longest side; it is the side opposite the right angle. 

In a triangle. the opposite side is always the side that isnot part of the angle; it is across frOID the 
angle or opposite the angle. 

In a triang1e~ the adjacent side is(he side whicb is part of [he angle, but is never the hypotenuse. 

NonCE THAT OFPOSITE SIDE AND ADJA.CENT SIDE ARE ALWAYS NAMED WITH REF. 
ERENCE TO SOME PARTICULAR ANGLE! 

E.g.: Angle C is the right angle B 

and sidec is the hypotenuse. 

Side a is opposite angle A; 

side b is adjaceot to aDgIc A­ ~. 
Side b is opposite angle B; A b C 
side • is adjaceDt to aDgk B. 

The.riM of all angle is the lcDgth of the opposite sidedMdcd by the bgf.h of the hypotemnc 

The cosW of all aDgIe is the ~ of the adjacent sidedMded by the length of the bypotCDDSe. 

( The ImIgIeN of aD angle is the length of the oppoUte sidedMded by the JeDsth of the adjaceat side. 
) nUl the IDdiu gre.e.tiDf; SOB..cAB·TOA! (Or,If,..-1Ike, OSCAR HAD A HEAP or APPLES.) 

. 1'\c UCIIIII of .. ugIc is tile J=stIa of the Irypot.eausc dMdcd by ..~~ ol., the ldJecxnt side. 
(ThiIillIcosiDe.) . . ..... . .'-, 

The CDfeGlJ1Jl of aD angle is the IcDgth of the hypoteDuse dMded by the JeDsdl of the opposite side. 
(Tbisis 1IsiDe.) 

The cotJI7Igr:1tI of all &DgIc is the IeDgth of the adjacrnt side dmded by the 1eagth of the opposite 
side. (This is 1.ha "lC"t ) 

These latter tJu-ee definitions are Do( reaDy aeeeuuy for problem soMDgaDd we DOtusually fouDd 
directly ia tabIea. III the pbysica c:oune, their use will be awidcd, bat evezylt1ldent aboaId bow what 
theyarc. 

NO'IE: THE ABOVE DUINTIlONS Alft,Y ONLY TO RlGHI'TlUANGUS! 

;::.... ~·~~a2+ t} - ;'iDarigbltriuclepa9idcdthatckthC~ 
..~ .•~. ":": _.. .'. .... ,01 •• •• .;~ ... ». ..:~~ ..1....... . 

'.-~:. :/ Note: Prom dae ckfid"O"l 70G ahoaL:bee tNt lilaC + c:c.aDe - .~ 'Cf .·. -. -" .... _ -. 
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