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Applications of Derivatives: Horizontal Motion

Class Example: #1)

The position s(¢) of a particle in motion along a horizontal line at time £ > 0, is given by the

equation s() =1 —9¢> +15t+2. Let s(f) be measured iqm/ete@nd t measured in(seconds,

a. Find the velocity v(?) of the particle at any time 7.

V(&)= 810 = DT —\gL+ 1S

2 (£ -+
2(e-t)(E-S)

—
=

-
p=y

b. Find the acceleration of the particle at any time .
alt)= vi(&)=5(€)= Ge-18
= 6 (&-?)

c. Find all values of t for which the particle is at rest.

£=1,5 =0 '
(AT AL TimE .

d. Find all values of t for which the acceleration zero.

t=3%

e. State the (t, s(t)) coordinates for the t-values in part

| f-g. Sketch a #line for v(t) & a(t)

> 7
cdand(d). L |[s)=E€ - S+ :
(¢} and (d) - =5 A Qv O
G | =4 +1S+2T _ Ao a5 |25 =
=z |2 77 -+ 4SS+ 2 ap)y=s"(t) __——— 0 !
5 |-23 \25-2264+15+2 7 >
h. If the velocity of a particle is positive then the position of the particle is fncReEASuG. . When we are referring

to a particle moving along a horizontal line, if the velocity is positive this means the particle is moving 4o Hne RUGHT .
If the velocity of a particle is negative then the position of the particle is DeCRerdiN &
a particle moving along a horizontal line, if the velocity is negative this means the particle is moving 4o e LEFT

. When we are referring to

i. State the t-intervals for which the particle is moving to
the right & give a reason why?

Portvide 15 moviag o Yhe Cight
whene V() =s'(%) =0

{ the left & give a reason why?

on k& (o\), (5,00)

j- State the t-intervals for which the particle is moving to

Poartile 15 mwning To He \eft
wiher— V(t}c 5/(€) <0

on 4 e (\45—).

k. When the velocity and the acceleration are the same sign, either both positive or both negative, then the particle is
speeding up or accelerating. When the velocity and the acceleration are the opposite signs, then the particle is slowing

down or decelerating.

I State the t-intervals for which the particle is speeding

up & give a reason why? .
— : é olt) 70 o2 wWiien |
when v () 7o ¢ ok e

v(b) 40 ¢ o) <0 Fhen pet

m. State the t-intervals for which the particle is slowing
down & give a reason why?

wien v(B)<o ¢ alX) 70 o2 when—
v(€) 70 ¢ ok} 40 Hren Wi particle

speedira Jp on € € (), P) (5, ).

i5_slowike down— on te (0,1),(3,5).

n. Draw a horizontal motion diagram -
£=5 o a ol < "
=0 S - 25 e ——>——>
[} 1 [1
T i ] 1)

0. Find the total distance traveled by the particle on the

interval £ €(0,3) . e
te(ol)  distence traweted = G-2 =Tny

£e (\,b) M—\mce,-\m'ciﬁrﬁx= [-—(I'Q\’;-L‘o_{\ = By - Sleye 1 S2= _q
:.——I—a—\—de«c‘sme:fmude& Ze At plece ment of “Hre MOL&—'

p. Find the displacement of the particle on the interval

reig3). e n foa'ch'bﬂ o0 (0/

digploce ment = cheng 2

en £ e (0,3)
sec

(S 23 meied.

on £€(0,3) is 4 mekes Toteleft.
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#2)

The position s(¢) of a particle in motion along a horizontal line at time ¢ > 0, is given by the equation

s(t)=—t +12¢> =36t +30. S(¢) is measured in feet and ¢ is measured in seconds.

a. Find the velocity v(¢) of the particle at any time .
v(g)= -BE +2He 2L
V)= -2 (6 -8e+12)

-2 (€ -0) (&«

b. Find the acceleration of the particle at any time ¢.

al)= -2 (26 -§)
< -6 (6-4)

¢. Find all values of t for which the particle is
instantaneously at rest.

t’-"z/ A % L= O INtHak

d. Find all values of t for which the acceleration zero.

£=4

e. State the (t,s(t)) coordinates for the t-values in part

(Qand(d). 4 | 5(E) ="E2 " Bt +30
o1 20
2 | =2 -8 +4P ~12Z+30
d |4 ~ 1T 30
G| 2o —~2Ue #4372 —216+ 30

f-g. Sketch a #line for v(t) & a(t)

vO)=st) — @ —— Q —
ait)=s"{t) —— O -——l——-

i. State the t-intervals for which the particle is moving

forward & give a reason why? )

TN poma,, IS moving fvivard. o
te (2,6) ble v(k) =5(070.

j. State the t-intervals for which the particle is moving
backward & give a reason why?

o Porhthe (s Moniry beaelevucrd on
£ e CO/L) /(.6‘“)

blc v(E)=sTe) <0.

I. State the t-intervals for which the particle is speeding

up & give a reason why? J
0 S s ecoLw\ﬁ W wher—

V) 708 aly 70 0@ V(£) 40 € alt) <0
W, ocows wher— & (o/’b),("lle).

m. State the t-intervals for which the particle is slowing
down & give a reason why?
M s A3 slow# dloamne Lnaer—

V)20 € dyro o V(g)¥0 ¢ ald) O
Whuch 0cUXT when L6 (Z:“\)/ ((°/°°)‘

n. Draw a horizontal motion diagram

— e eyl
JC" Z L 4 t=l 7 .6;0
: e —~———————=
o Qb) . f } { t
-2 5 — 14 30
o. Find the total distance travéled by the particle on the) p. Find the displacement of the particle on the interval
interval 1 e (1,4) . s e 1 +\2 -3 "'»2_’_0 = te(L4). (b sl
Le(1,2) distence = £2-5 \=7 Displekement = Sl i

e (2l duonse = | -t

2 Total &%WWM on (\/4)3@(

s -s(h= 4-o =9

C 2 Displucement thtins el 2

on (L) seconds 5 A feet oty




2 TR 2. S-
Horizontal Motion Practice Problems:

. 8 ‘
" 3. The position of a particle is defined by x(¢) = —3—t3 ~117 +15¢ +4 where s(t) be measured in meters, t in seconds.

a. Find the velocity v(¢) of the particle at any time ¢.
v(iey=81(0 = L™ —226 « IS
= (o= - (4 -5)

b. Find the acceleration of the particle at any time ¢.
o) =v/(€) =S4 L) = Ik —22
=2 (et~ )

¢. Find all values of t for which the particle is
instantaneously at rest.

c=3

S

oy

L(.

Tc=o

——

T AL TTME

d. Find all values of t for which the acceleration zero.
E=_U 375
&

S~

e. State the

(

.S (t)) coordinates for the t-values in part

(@and(d). £ | S =Y tporeScreen
ol 4 vV o,i,ﬂ.,'é.
% 1©.711 ‘(z sl ’3)
% loTko6
32 |Is.1%0
b =

f-g. Sketch a #line for v(t) & a(t)

(o]

U

v =s(@) —+ P =t
— 5 —»
T

|
B

a(t) = s"¢)

——
3

T

®\=-1--

i. State the t-intervals for which the particle is moving
forward & give a reason why?

Purtide  moves fanned— on
e (o) %),C%,z oo)
ble v(C€) =39« So.

j- State the t-intervals for which the particle is moving
backward & give a reason why?

Per~hcle poves beele werd_
on Jcéc%l'}?z

b/o V(—E) :S(Ce) <0

I.  State the t-intervals for which the particle is speeding
up & give a reason why?

Pornc Spetds o ore
L e (%I%)/(%IM)

We vig) ¢ alt) have seme Sigas

m. State the t-intervals for which the particle is slowing
down & give a reason why?

Periide slows dovm~ o
te(9,%)E%

ble Vi) % o) Ve opposike §ignk

L4

.

n. Draw a horizontal motion diagram

=)

Eo2 > e— >
2 .U_}S‘
Lo ' =%

" ! : :

Y 16150 [6.771 121,223
0. Find the total distance traveled by the particle on the p. Find the displacement of the particle on the interval
interval £ €(0,5) . 5(%) = 137.%%3 1e(0,5). (&)
diff‘b/\wz_« ‘bé(O/S/q) = o1 =4 = (7T c‘/LSpLa.ue,me/\«f’ = AS
disience (5 %) =\ sonsom.ﬂ\\: 6.0 = s(B) - S(°)
disierce L€ (%,5) = 171.253 —b. 150 2126503 = \¥T7.2>>—4

LTl distance £6(6,S) = 122.295 meten

—

123,233 medert o HreRighh




_4. A particle moves along a horizontal line in such a way that its position at time t is given by x(¢) = £ —12¢* + 36t —10
where x is measured in feet and t in seconds.
a) Find the velocity and acceleration of the particle.
b) Create a first and second derivative number line to help v({t)=sY{1) i |

you justify your answers to the questions below. | ]
; . - IR ,
¢) When is the particle moving forward (to the right): a(t) = s"(t) ’ ;

d) When is the particle moving backward (to the left)?
e) When is the acceleration positive?
f)  When is the particle speeding up?
g) When is the particle slowing down? s(t) ~

h) Draw a motion diagram and label it appropriately.

i) Find the total distance traveled and the displacement of the particle on the interval 1 € (0,5)
j}  Find the maximum velocity of the particle on the interval f € (0,5) y

k) Find the minimum acceleration of the particle on the interval ¢ € (0,5) .

5. A particle is moving on the x-axis. For ¢ >0 the particle’s position is given by x(¢) = 2> =13¢* + 22¢ — 2 meters
where t is in seconds. Find the intervals when the particle:

a) is moving right,

b) is moving left,

c) has positive acceleration

d) has negative acceleration,

e} speeding up and

f) slowing down,

g) Find the total distance traveled on ¢ € (0,4)

h) Find the displacementon f € (0,4)

2
6. The position of a particle along a horizontal number line at time t is given by the function x()=~t"+6t-8 :
a) What is the largest time interval for which x is an increasing function? In which direction is the motion during
this time?
b) At what time(s) does the particle change direction? State why you know.
c) On what time interval is the particle slowing down? State why you know.

7. Two particles are moving along a coordinate line. At the end of t seconds their distances from the origin, in feet, are
given by x, =4¢—3¢"and x, =¢* — 2t , respectively.
a) When do they have the same velocity? : - _
b) If the speed of a particle is the absolute value of its velocity, then when do the two particles have the same
speed? ‘
¢) When do they have the same position?

v
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(F) () = L7257 3l —to

0u> | () = v(k) = B -6 +26 =0z (& —2M
=2 (£¥-FSc+) = (, (£-4)
= 2 (- 6V
p) vidzo k-2, GLEIE 8 > [T
wi) H1 O |1 | 0 7
z G
184 —_— 0 ——
L
C/; forbtle mores forwede on £ e (0,2 G, bl v(d 7o,
&) Perbitle mons vockewed_ o ke (2,6) bie V(H <O.

NAccelercton s

a 6)053{\&— on. t & (4,00) bl plklvo,
§] Patde S speeding p oan (Z44) (2] bl ol¥) e v(E)
| hove - seme Sgas .
33 Pertiche 1s slowmwy doene o (6,2) (Y,6) ble ol € W(E)

howe  opposite  Signs .
'M) -t | s) .

ol —lo vl & 55 e o =

2. | 22 s /i a S il

t,f G i { { {

L1t ~16 =5 G 2z

b 1-5
D) Tekd datance on (0,2) = 22-7V0 =B Lt

(2,3) = |-2-22| = 21 Seel~
Toted. dmtence = | 2R £
Visplacement =  s(B) — 5(0)
| < 5 — -l
= 5 fed + he (bh’r.
J) Moshmum.  vekosty o (0,5) k) minimum acceleawtion o CO,S)
ose- O Blre ol8) — SLNG X GO
— 4 7 wWnea o) = -2

Mot oy oeowS  eivier evdptint lihear Gunchinm

620 oy £=5 BlC when = velsay id
oF e puiviiium . V(0)= 2 V(D) =-9
5. N(6Y 2Dl Mox\theuly ocans ot~ o

(2)

(,L(,‘C) S en \?)6(*5&24?

55 left erdpint Wil
accelesadien-

be  mininiue



Ol Metvsa

@ K (6)= 2722 pretens.

vdex ()= (* -2 w2 adex (1= 2 (k- 1B)
22 (VP 1)
T T E=B
L= 2 [le-131 _ 123+ J21 a
lo G
L= >3 = 2.80a% v I | % Khs
d 145 380
.5’/ 5’\1—2’( = \.i52 _,S';‘b
% ) N A ? B ———
2161
) P;(‘H(/UL % NW{\.S n,:{\..;\" —EGCO ltS"S) (’5 l?c o) e v(€) >0
) £e C\ 152, 2.0) b/c, v(€) <o.
o) al)r¥0 Le (utc;z/w)
d) alxl <o b&(o 2.6 -
e) ?P%&M\ﬁ on ’ﬁ% él (573 2. 161) ( 2. 180 ,20) bl (&) dalt) e sEAS,
: o e o,lw‘S) (2.161,2.8%) We vy 4alt) hows. oo ie
33 Fotedl dﬂﬂ—wo-e,,w i b
e (o) £t |5
4, oa £&(0,1153) —p (F.149- D= 149 . ol-2
Al an | e (1. 1555\%):?‘08\14—"( M < 8226 1453 Q.4
ds on be (2 mq) —=>(( - o.8Id) = 518U o 2,180 ©.814
e D5 = 2H. .Gl m 4 G
h) dsplcemut = s(4) — 5(0)
A = b - -2
= 3 meters do Y Aght.
@ () = = £ lb-¥ vy .l_ —— |
» >
V() = “2k + 0 alk)= -2

-2 (& =) o]

a) X (X\ s Vheeasing L 'bérCO 3) wlc vigy7o

A & mz;\/u\ﬁ‘\-v Hew gt \0/0 Pom\ﬂ‘on Neceases when (.50
\0) Al Cnengos gweectr- & E=2 W v =6 ¢ 4/1;7\%8 spgns@ e,
e) (Xl sws dawvne on L& CO 3} We \/L‘b\ >0 ¢ alk) >0.
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X, ()= 46-3E" x, (b = £—2&
& (&= d-tb v (6 = 26-2
4- G 26— A “une. o= 2y Scconds
G = % oo hos parhities
-bf/ % Secands Yeooe e 8%%0{7‘\-(,

b) dpeed of— o P ha ik Yo alosolute afa,bwe,a@—vabuﬁ,'
|4l = \ze2\ —= [2-24d =le-(|

(469" = (22)" (229"= )™
412 4+9E" = -1+
Skt* - ok +3 =
Lq-b =5 (7:(5-—-\3 =0

-l::.a JC“LJ_
Z

L|
[Sette H=1 \/<%> a= C( ) :L‘t’i;_ T 5 | v
vw(®)® 2(F)-2 = é-,-;—l = -5 v
i e=g V(L) = 4—6) = =
Va()= 2(y) -2 = \fwa e

C/} Mo QQr‘nCz\*—é bheotis e s @am%-:on wirene X‘LH:K,(“\“)
Hi -BE= = £* -2e 1T
» = - b =°
2&( 2 -3) =0O
t=o =32
Z

16 |b=0 X\(&: & { x»(& -0 | W

vz x(2=18)-2(3) =5 =%
S
Z:

i
W= @ o) 3ose -2 o




