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Distance traveled by a movieg abject
Thie arca under a speed — ime graph represena the distance truveled by the object. If the
molion is wniform then the area cam be” caleulated wsing appropriate formula for
peomeinical shapes represented by the graph.

L6 EQUATIONS OF MOTION
uNod Derive the equations of moetion for uniformly aceelerated rectilinear motion
Ans:  Equations of Motion
There are three basic equations of motion for bodies maving with uniform acceleration,
These equations relate mitial velocily, final velocity, scceleration, time and distance
covercd by a moving body.
Important points inderivation of eqeationss
o We pssume that the motikm is along a siraight line.
= Weconsider only the magnitude of displacements, velocities, and sceelerytion.
*  Acccleration is taken as unilorm
Case stindy Egmiet

Consider # body moving with initial velocity v, in & straight = === === T oY

line with uniform acceleration a. [ velocity becomes vy afler [ gﬁefi "*"'

time L The motion of the body is deseribed by speed — time -'F-“?- --------- n¥

graph as shown m figure by line AB. The slape of the line AR Aess g el _:F'

is acccleration a. The 1otal distance covered by the body is — B
el

shown by the shaded area under the line AB. Equations of | Frem 33 Sendies phin Ao

mption can be obtained casily from this graph,
Firsi equation of motinn

Speeed — time geaph for the motion of a basdy i5 shown in figure. $lope of line AB gives

the seeeleration of the body,

: B
Slopollme AR =n = —
X AC
A A Oy amd BC = BD - CD
- 4o BD-CD
on
As BD =y, Ch=vw; and O =1
Hence 4= -
i
Or vy =" =al
Therefure, v = WAl
Second equation of motion

In speed — time graph as shown in figare, the total distance § traveled by the body is
equal 1o the total area OABD under the graph. Le.
Tonal distance = & = nrea (rectangle OACD + trangle ABC)

Distributive Property (A)

Use the distributive property to simply each expression.

2(4 + 9w) -8(6x + 3)
-4(-4d-5) -6(8p +3)
2(3v-8) (2-5m)(-5)
4(-6z + 4) 9(n-4)
(-5d + 1)(-2) -4(9k + 9)
2(-5-7)) \ (3b-2)(-3)
-3(3 - 8j) -(-5 - 3v)
-8(2+9v) -9(8 - 2h)
(-5f+ 8)4 (7x-8)(-1)
(6 - 4p) 9(8 + 5t)
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Exponential Equation with Different Bases

1. Isolate the exponential part of the equation. If there are
two exponential parts put one on each side of the equation.
2. Take the logarithm of each side of the equation.

3. Apply power property to rewrite the exponent.

4. Solve for the variable.

Example: Example:

3 -1=4 sx1 _ox _
3 =5
log3* =log5
xlog3=log5
_log5s
“log3

5§51 =2*
log5™" =log 2"
(x—1)log5=xlog2
xlog5-log5=xlog2
xlogS—xlog2=log5
x(log5S—log2)=log5
. log5
log5—log2

s




.. Solving Quadratic Equations (B)
by Factorising

1

caEoomf

Section A
Find the solutions (o the following equations.

1) (X+2Xx+3)=0 4y (dx+8)Y2%x-8)=0

2) (4x+3)x-3)=0 5) (5x-15)(4x-2)=0

3] (2x-5){3Ix+2)=0 B) (9x-12)(9x+20)=0
Solve the follmving equations by factorising.

Section B

11 x* + 8x +15=0 6) X +1x-26=0

2) W -Tx+12=0 7N W -5x-24=0

3 »¥+2x-15=0 8) 14 + x* + 9x=0

4 ¥ -1x+28=0 9) 7 +x* - 18x=-256

5 x=x=-30=0 10) xX*=17Tx-72

Section C

1) ¥-9=0 6) x* - 20=5

2) x-121=0 7N % - 101=-1

3) ¥-49=0 8) 4x® - 17 =-1

4 2¢-128=0 9) 3% — 16=227

5) 4¢-84=0 10) 3x° — 55-53

Section )

1) 2 +15x+25=0 4) 12x° -28x-5=0

2) 2 -Tx-15=0 5) 28x* -85x+63=0
3 I +14x-24=0 ) 19x—-12-5x° =0

SCazeom! miucatonal resourczs
Wiy’ AP OIS e s haats COir) Algetra . Lewal B . Equabons . Sobdng Cuadratic EqGuations (B)

The speed limit of a particular section of the highway is 25 m/s. The right travel lane is connected to an exit ramp with a short auxiliary lane. The cars would have a convenient deceleration of & ¢ € T 4 € 2.0 m/s2 per 3.0 s in the auxiliary lane if they were driving at the speed limit. What speed will they have cars when they are made by slowing down in
this way? (This is also the speed of the exit ramp.) What minimum length should the auxiliary lane to allow this deceleration? Drivers do not always drive to the speed limit and the highway engineers take this into consideration. Suppose a car can slow down the "comfortable" rate four times without losing control. To what maximum speed could a car
enter an auxiliary lane with the length you calculated in part B. And do you still go out to the expected speed? Suppose that a driver was traveling on the highway without velocity toll that you calculated partly c. What distance is it necessary to slow down this car to the speed of the "comfortable" speed output ramp? Declare the sights and the
unknown. Use the first equation of the movement - the one in which the speed is a function of the time. V0a ¢ = a ¢ 25a ¢ m/s aa ¢ =a¢0ta€20a¢acOta€Ta¢c=a¢3.04¢¢3.0svac=a¢A¢cacacuecuetcacuecac\acacacald= a¢V0a¢+a¢atva¢ =3¢ (25am/s)A¢+a¢ (a¢eTa€20m/sZ) (30he)Vue— 19 m/s
reiterate the donations from the previous part, since they have been A «are still valid , but now it's the distance is the unknown. Use the second equation of the movement - the one in which the distance is a function of the time. VOA ¢ =4 ¢ 258 ¢m/sad ¢ =a¢ O 1t4€2048¢a¢T4€a€Ta¢=4a¢3.0a¢8Aa€A€=3¢aA¢ca¢cac¢cacacacac
d¢adcac¢cAacacac\daacacacacacacAcacuedacacacacaca,s OTé€ ¢=4aaaavOtac¢aaliedAT2a¢éAa€==4a¢(25a¢m/s)(3.04¢+a¢ca% (A¢étAa€2.0a¢m/s2)(3.0he)2ét4a€séa===,66m laFinal speed calculated in part A. Still the final speed. (All cars must exit the same speed.) The distance calculated in
part b. It is still the distance. (All cars get the same quantity of space to slow down.) The new acceleration is four times the old one. The new initial speed is the new stranger. No time is given or can be deduced. deduced. It is necessary. Use the third equation of the movement - the one in which the speed is a function of distance and time is not part of
the equation. VA¢ =4¢ 194¢m/sad¢ =8¢0 1ta€80m/s24¢14€4€¢=66mVOa¢=84844c¢¢acacue\da¢aca,V2d¢=a¢V02a¢+a¢2a'ata€SV02a¢=a4¢V24¢Aa¢A€ ™3a.€SV02a¢=4a¢(19m/s)2a¢ac¢Ota€lt's2(A¢éta€ ™ 8.04a¢m/s2) (66m)2v0a ¢ = ats 37, 6 m/s The final speed calculated in part A. It is still the final
speed. (All cars still have to go out to the same speed.) The acceleration is the value given at the beginning of the problem. (We also allow the demons of the speed of accelerating comfortably.) The new initial speed is the value we have just calculated. The new distance is the new stranger. Once again, no time is given or can be deduced, then use the
third equation of the movement again. VA ¢ =4 ¢ 19a¢m/sad¢=a¢O0Ota€20a¢m/s2v0a¢=a¢37.6m/sa¢cOc¢ca¢cuedacacacacacacacacacacacacacacaacacacuecacueadacacacacacacacacacacacacacaacacacue¢acueacacacacacacaaccacacacacaccamet ¢+ad2aoverta
€a€s2a¢ctaca€=ac¢(V2za¢ca¢ca€ ™ag¢Vv0o)/2a2ia¢cta€e¢=a¢[((19(19m/s)2a¢ca¢céta€ad(37.6a¢ m/m/m/m/m/m/s)2]/[2(E@¢éta€2.0a¢m/s2)]2nd¢éta€si¢=ac¢264 ma car with an initial speed of 60 mph needs 144 feet to stop complete. Determine the arrest distance of this same car with an initial speed of "Note: the rate
of variation of the speed is not influenced by the inital speed in this problem. Fast cars and cars slow down slow down to the same speed. First method. The difficult way to solve this problem is to do it in the way many students think is the simplest way "numbers, replies" or "plug and chug". This method appears easy to g1ve little thought, but it is
quite demandlng First, convert into unit yes. 60 miles iat 1609 m AL 1 hour = 26.8 m/s 1 hour 1 mile 3600 s 30 miles ,1609 m, 1 hour ’ 13.4 m/s 1 hour 1 honor 3600 s 20 per mile. 1 hour is = 8.94 m/s 1 hour 1 mile 3600 & ,10 miles 4, 1609 m ,1 houre ¢ = 4.47 m/s 1 hour 1 mile 3600 iat 144 feet, ,13, 1 E,1609E, mAa¢a3a,,, ., 0B
vs s 20 ss srsn 10 & ,, AN 60 mph deceleration. VOA ¢ =4 ¢ 26.8a¢m/sva¢=a¢0a¢m/sa¢éta€si¢c=a¢acacl aaaaAa pmpmpmpmAAAAAAAAAAAAAAAAAAApmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpmpm
pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm pm J J A+ A20v A= A2v .sdeeps rehto eht rof secnatsid eht etaluclac ot rebmun siht esu nehT A 2s/m A81.8A© A= Aa A )m A9.34(2A2)s/mA8.62(A=a
A=a A A=A A A A A Aotseihcir ah ehc aznatsid alled Atem a enoizats adnoces allen onert li amref etnecudnoc 1I ?avisseccus enoizats alla ihccolb 81 i eraiggaiv rep onert li elouv ic opmet otnauQ .areicorc id Aticolev aus alla osopir lad erarelecca rep onert li rep oirassecen opmet li eranimreteD .onert led areicorc id Aticolev al animreteD ).m 5241(
aznatsid id italosi 81 a enoizats amissorp al osrev etnatsoc Aticolev anu a aiggaiv ioP ).m 481( enoizats alled azzehgnul alla etnelaviuqe aznatsid rep 2s/m 57,0 a otarelecca reva opod areicorc id Aticolev al egnuiggaR .enoizats anu ni otudes “A otua 01 id anatiloportem alled onert nU m 0531 = s&)s/m 03()s/m 0 + s/m 09(241 = sat)Ov + v(241 = tv = s&
.aidem Aticolev id enoizauqe'l odnasu enoizulos al occe dE m 0531 = sa 2)s 03()2s/m 3(2a1 = sa 2ta2al + tOv + Os = s .aznatsid id opmet id enoizauge'l odnazzilitu enoizulos al occE ? = s& 2s/m 3 = a s 03 = t s/m 09 & stk 081 = v s/m 0 = Ov .amirp itongi e itad i omacnelE .enoizulos assets al ecudorp odotem O .atsip alled azzehgnul al eranimreted
rep idom eud onos iC .enoizauge'l asu arollA ? = as 03 =t s/m 09 a stk 081 = v s/m 0 = Ov .amirp otuicsonocs e itad i eracnelE .enoizarelecca id enoizinifed al erasu id oilgisnoc ,enoizarelecca'l eranimreted reP .atsip alled aminim azzehgnul al .enoizarelecca aus al ...atsip alled amits allus s 03 edneps oerea elat nu eS ).odnoces la ortem ozzem a
elaugu isauq “A de aro'lla ocituan oilgim nu “A odon nU( .eralloced assop ehc amirp idon 081 id Aticolev anu eregnuiggar id ongosib ah elaicremmoc otteg a oerea ocipit nU ."guhc e gulp" odotem li odnazzilitu otunetto omaibba ehc etsopsir essets el onos etseuQ ideip 441 63 6 hpm 06 ideip 4 = 1 = = 24 1 444 = 4424 hpm 01 444 ideip 441 9 3 hpm
06 ideip 61 = 1 = 4a2a 1 4ad = aa2a hpm 02 &aa ideip 441 4 2 hpm 06 ideip 63 = 1 = it at the first station. What is deceleration of the train in the second station? List the givens and the unknown for the train as it departs the station. Pick an appropriate equation of motion. I suggest the velocity-displacement equation, a.k.a. the third equation of
motion. Almost no algebra is needed. Put numbers in. Get answer out. vOA A=A A 0A Am/s aA A=A A 0.75A Am/s2 ¢AAAsA A=A A 184A Am vA A=A A ? v2A A=A A v02A A+A A2a¢AAAs v2A A=A A 2(0.75A Am/s2)(184A Am) vA A=A A 16.6A Am/s This is about 60A Akm/h or 37A Amph There are several ways to determine the time it took to reach
cruising speed. List only the quantities given in the problem and state the new unknown. Pick a new equation. I suggest the displacement-time equation, a.k.a. the second equation of motion. Some algebra is needed. This is followed by the usual numbers in, answer out. vOA A=A A 0A Am/s aA A=A A 0.75A Am/s2 ¢AAAsA A=A A 184A Am tA A=A A?
¢AAAsA A=A A vOtA A+A AAY-Aat2 t2A A=A A 2¢AAAs/a t2A A=A A 2(184A Am)/(0.75A Am/s2) tA A=A A 22.2A As We could also use the results of our first calculation and add it to the list of known quantities. Adding the final speed to this list means we could use the velocity-time equation, a.k.a. the first equation of motion. We wouldn't need the
displacement of the subway if we did this. We would still need a little bit of algebra, however. (Also, the answer may be slightly different depending on how many digits you saved from your calculation for part a.) vOA A=A A 0A Am/s vA A=A A 16.6A Am/s aA A=A A 0.75A Am/s2 tA A=A A ? vA A=A A vOA A+A Aat tA A=A Av/atA A=A A

(16.6A Am/s)/(O 75A Am/sZ) tA A=A A 22.2A As We could also use every known and calculated quantity plus the two equations for average speed and some algebra. I don't recommend this method, but it works. vOA A=A A 0A Am/s vA A=A A 16.6A Am/s aA A=A A 0.75A Am/s2 ¢AAAsA A=A A 184A AmtA A=A A?vA A=A A ¢AAAs A A=A A vOA A+A Av
¢AAAt 2 tA A=A AtA A=A A tA A=A A 22.2A AsA A A A After the train leaves the station, it travels with a constant speed. That makes an easy problem. There is no need to distinguish between initial speed, final speed and average speed. Speed is just speed. VA =4 16.6 Am/sa" tsa =4 14254ma" ttA=4444?V'=ats/a " tta " tta=4av/a ttta
= a (1425a m)/(16,6 m/s) a" t ta = a 85,84 S this could be done as a hypothetical problem (given, unknown, equation, replacement, resolution), but given the way it is formulated this is a proportional problem. The initial and final speeds are changed, which means that the sign will change but the absolute value of the change is unchanged. These are
our constants. We don't know anything about time. We could do a little inference about it, but no. The distance is halved and acceleration is the goal. Find an equation with initial and final speeds, acceleration and distance - but not time. V2a = a v02a+a 2aa"t S The two changing quantities are in the same term. Everything else is essentially constant,
but with a sign switch. This means that the acceleration and distance product is also constant. They are inversely proportional. ad 4" a 14" 1 s half of the distance means double acceleration. The more a sign gives us... ada = a"’2 (0.75 a m/s2) aa = 4,4 44 4a 44 44 44 44 44 44 44 44 43 44 A4 444 4a aa da 44 4aaaa,maa,ma 4,74 4,74 4,7a4,~aa,~a=
4,-4=4,-44,-44,-44,-44,-44,44,-44,-44,-44,-44,44,-44,44,744,-844,44,-44,-44,74=4,-4A4,-44,-8A4,-44,-44,-44,-44,4A4,~4=4,-44,-84A4,-84,-8A4,-8A4,-A4,
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