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Related Rates  4dasi yal) 4ca3l) ciiaal) — Aag yal) ciiaal) (4-8)
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An application of implicit differentiation ,where we need to find the unknown rate of change of one quantity by
relating it to the already known rates of change of one or more other quantities. The rate of change is usually with
respect to time. The question is to find the speed, rate of change of (coordinates, area, rectangle diameter. etc.)

The most common way to approach related rates problems is the following: A0 @) ghadlf o Jalls
1. Decide what the two variables are. Mt glhall g da glaall il ¥ ana g cda glral) &) juriall wass 1
2. Make a'simplesketéh)if it'is possible: (e 088 O Sy Bjgaran ) il jpiial) Jag 8 ABle TQuiS) (2
3.Differentiate implicitly both sides of the equation with gl Ll il Alsnal) kS Gias 5581 3

respect to time ¢

4. Plug in all known values at the instant iniquestion: yAsiral) Aol o 439 al f""m & (JM\J\ '“") v 4

5. Solve for the remaining rate required sgllaal) hial) il Jara sy daaal) s .5

(4-9) astallg JaBY) B Al cNIra ((4-8) Uas yal) cNIrall ((4-7) Lial) alll) Jla cliuddll) of (ug M) oda 14D @
Jan Ju sl & g gall g o1 5 sl) Aiaadld Aty A LY T 085 oan jdal) IS (B B3 g gall (0 L) g ALiaYLy alldal) Sy
Gl sgd W hdad La Ll dlgn by DB QLSH (B 352 gal) () gaaall (s Aua A Al dUia oS o) g (Ll an Y Alicd 4o
o) sal) 3¢ da pgdal i g Jadh calliall
By e 438 daY e Ol AS g adlg Cra (s sy oY T ges ad (AL £ 560l 5 slas 0ol (10
Jdray 21835 Ay g0 30 cuils g « %@ Sl G sl B ) Ay g) ) g cuils A AB3all) By gl (3Dl Adaki (e 500 ft
f4all) oda die ¢ olll) gl Aoy CilS oS | 0. 14 rad/min
A balloon filled with hot air, rises vertically to a certain level, and the movement of the balloon is

followed by, a device to find its velocity 500 ft from.the balloon's launchpoint: -At the moment
when the angle of elevation of the balloon from the device was g, the angle was increasing at a

-

y rateof 0.14 rad/min. How fast was the balloon rising at this moment?
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Suppose a forest fire spreads in a circle with radius changing at a rate of 5 feet per minute. When the radius reaches
100 feet, at what rate is the area of the burning region increasing?

1 mm/hr JYay 3359 3 mm Abaa) ddhiall a8 Cial oS 13 45 il La Alals Abaall ddhatal) & (b = (3o
Assume that the infected area of an injury is circular. If the radius of the infected area ¢4 Laal dahiall &l 55 Ja o4 Lad
is 3 mm and growing at a rate of 1 mm/hr, at what rate is the infected area increasing?

A Jia (S g a3l g ol il s 18 (g oSl WIS o gaa BiBad Ay play A jhaa Bk G Gl d e (40
Sl Jhmay gty plall) diial (i b cpudall) ‘Aalode’ga Guuliiy (9")
Suppose that a raindrop evaporates in such a way that it maintains a spherical shape. If the rate of evaporation (v')
is proportional to the surface area, show that the radius changes at a constant rate?
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* Oil spills out of a tanker at the rate of 120 gallons per minute. The oil spreads in a circle
1ft3=17.5dnx

I with a thickness of - . Given that 1 ft3 = 7.5 gallons, determine the rate at which the
1 (ft) " radius of the spill is mcreasmg when the radius reaches 100 ft , 200 ft ? Explain why

1"(inch) = —
the rate decreases as the radius increases?

. e P 1" bee a auy . TR
Jaray 41 3% ol JkB hiai G G e (AL L ey Hdy ABEN) (A e g Jina B Gy (60
¢ g Aad a1 = 100 ft bl sl g g Ltis 0.6 ft/min

Oil spills out of a tanker at the rate of g gallons per minute. The oil spreads in a circle with a thickness of " (A) Given

that the radius of the spill is increasing at a rate of 0.6 ft/min when the radius equals 100 feet, determine the value of g

€ hall Ciual ) 35 Jlra iy Cish Jadll) dlaw cie il 1) (B

(B) If the thickness of the oil is doubled, how does the rate of increase of the radius change?
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A 13-foot ladder leans against the side of a house and the other end on the floor. It is moving away from the wall at the rate of
5 ft/sec when this limb is 12 ft from the house. (A) How fast is the top of the ladder sliding against the wall at that
moment? (B) What is the rate of change of the area of the triangle made up of the ladder, the wall and the floor at that
moment? C) What is the rate of change of the angle 6 between the ladder and the ground at that moment?

o ol Jhnay o)) iy gL Y g hal) Chal (e JS S 1) cAaild 4G ila A) gl Ailad) dalual) yil Jira 3> (8m
Find the rate of change of the lateral area of a right circular cylinder if the radius and height change at ¢ 2 ft/sec

a constant rate of 2 ft/sec ?
A) 4nr B) 2n(r + h) C) 4n(r + h) D) 4mrh

Jalshobaki.com Sigdl) daan 1alae)  (AGN ol pAll Juadl) aaiial) 12 ciuall ciluily Sualll) it =dag) ) 3aa o) da e




Page |5

“ “ o - ey » 1 o Ty ee N - - - oy -
48 gty Ayl § s ey (BB Jladi 2 fom 225 AL G gl ola 50 K1/ 48 ey Bk e (904
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Al by £ 0050 e Al s L (A L oibed) O
? A car is traveling at 50 km/h due south at a point 2 km north of an intersection.: Ajpolice car
i l:u 1
s is traveling at 40 km/h due west at a point " km east of the same intersection. At that instant,
the radar in the police car measures the rate at which the distance between the two cars is
' changing. A) What does the radar gun register?

-

40

0483 S a5l (B Jaag 138 Jgd (A3aT Y (sf) Aas Ada ) B e cilS Jla 8 (B
B) If the police car is not moving. Does this make the radar gun’s measurement more accurate?

93 el 48 8a) de il 100 S Jgd (Jua) Al 5) adalill) Aads 3 dda ) 3 e cilS 1Y) (C
C) Show that the radar gun gives the correct speed if the police car is located at the origin?
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A i) UBe 3 clillan) day ) AT md g Jgaally ¢ s = 60 — 40e7005% Ay

A small company estimates that when it spends’x'thousand AED for advertisingin a year, its annual sales will be

described by s = 60 — 40e~%%5* | The four most recent annual advertising totals are given in the following table.

1 2 3 4 A
14,500 16,000 18,000 20,000 e‘\):m-.’ <lidley)
A) Estimate the current (year 4) value of x'(t) ? Cx'(t) ol ¢ GUY) B sall (4 A B ) Al dadl )38 (A
B) Estimate the current rate of change of sales s'(t) ? £ 5 (1) ¢l ¢ Clagal) B il ) Jhall 38 (B

- 94 SPTI TR . - . TR T L T T S SR
Taly T(x) = 12 + — s clailall ga (x) pabind) gUlY puaie JS) 4 sliu) AL bl gla &) 02 2 2 (1100
r G Jgaadl 85 pAY) i gia DAY B 4 gl Lgaladia S
Suppose that the average yearly cost'per item for producing x items of a business productis c(x) = 12 + % \

The three most recent yearly production figures are given in the table.

0 1 2 Azl
8.2 8.8 9.4 (x) Slalia
A) Estimate the value of X(2) ? $ X(2) dad 3B (A

B) Estimate the current (year 2) rate of change of the average co§t( pals) Al alal b AR Wi gia i Jina 8 ®
V(o) ¢ pladl 2 AAISH) Dol gia J
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83 Y adal s 1 A e 16 cm , 12 cm Ay 3N ald il B AulE) alia Yl (1S Le Aial B (120

b B Jiee 2a Al o Wblae Ay &l G duay 1 em/sec Jiay el A flal (S5 2 em/sec Jia
Salaall) Al e il day culial) dablica

At some point, the lengths of the two sides of a right triangle were 12 cm and 16 cm,

respectively. If the first'side'isincreasing at a rate of 2 cimm/sec and the secondside is

decreasing at a rate of 1 cm/sec so that the triangle remains in shape. Find the rate of

change of the area of the triangle after two seconds from that moment?

y=16cm

x=12cm

(X)) b Bl e Lgd 068y (AN Alaall) L3 A cillan) aa | x2 4 y2 = 20 Aadal) o A &ali (130

¢ 1 cm/sec (y) S B sl Jaay 2 cm/sec
A point moves on the curve x? + y? = 20. Find the coordinates of the point at the moment when the rate of change

of the x-coordinate is 2 cm/sec and the rate of change of the y-coordinate is 1 cm/sec ?
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100 mft3 /min S asbigh) Jun &4 658 sl (140
5 fitphill CiuaiJgh L (¢ s<y| AN Aalll aie ! ¢ glll) ki Chial A 3 de yu La (A

A spherical balloon is blowing up with helium gas at a rate of 100 nft3/min . A) How fast is the
balloon's radius increasing at the moment when the radius is 5 ft ?

B) How fast is its surface area increasing at this moment? falaall) oda die dpatalal) dlialus Al 35 de pu La (B

S 13 SN riaga s LaS Lash 18 4l ) 5 L) a5a8 (1 12 fit S o181 6 Alsh fly b Lk 3 G2 b e (150
fuaddl) Jb Job 4 il oAl Jhall ga Lab 2 ft/sec S 50 a3 (o iy (adldl)
Suppose a 6-ft-tall person is 12 ft away from an 18-ft-tall lamppost (see the figure). If the person is moving
away from the lamppost at a rate of 2 ft/sec, at what rate is the length of the shadow changing?

6 fi
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Jha led 53 /s cul Jinay Jalll i) 13) (AW kb Jolay Lge ) g JCAY Ada g jda dagS A Jall) Sy (160

incoming St ELYI 098 Ladie da gS!) gL ) 3yl 3
sand Sand is poured into a conical pile with the height of the pile equalling the diameter of

the pile. If the sand is poured at a constant rate of 5 m?3 /s, at what rate is the height

conical of the pile increasing when the hieightiis 2 meters?

pile

B) How fast is the radius changing at that moment? falaall) dlli e adl) Ciuai i de yu e (B

S il Jgh oS5 45880 aas 8y JiuY Al . 0.1 3 /min Jise; JSEN oy ia ol G135 (e slal (B85 (170
3m ?O_Smol:udié-&Qﬁuéb;w\chu@\ghuhykﬂh(A .5 m 4sldiylg 3m das®
i A water tank in the shape of a right circular cone of radius 3 m and height 5 m leaks

\ b / water from the vertex at a rate of 0.1 m3/min . Find the rate of change of the
\ ‘ y water level when the water is 0.5 m deep?

B) How fast is the radius of the water's surface changing at this  fdall) sda Jic glal) pdaw jlab Cial yad 4 i L (B
moment?
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Jdna y=32=2cx=4uabgﬂ\w\.\.ba§_%=1m/sec‘%=—2m/secc %zlm/sec
I__;\.ha_ﬁl.a__ ?a#djh(c ‘.’M” " | ddalus (B ?ég.ﬁ:&\e@a(A :géj.'ﬁ:d\

Assuming that x, y, z are.the dimensions of a box in the form of a cuboid, and

dt dt

I Y s e Find at the moment at whichx = 4,z = 2, y = 3 the rate of change in:
S=EyXTTYy Tz A) The volume of the box? B) its surface area? () its diameter length?

. . d d d
I rebaioiall (g ) gia yhad gk | their rates change as follows: d—f = 1m/sec , - _2 m/sec, 21 m/sec.

y

g e 5 il s Lasie | JRIL (a8 LaS 105 (368 5 pdlaa palg ¢ 7 i oo il gl o et 6 yila (19

eAdaall) o3 i 5 ithl) de i Le ,300 i /Ay S 85 s Alual) G N Gl NN e 10 i
An aircraft flying at a constant altitude of 7 mi, passes directly over a radar as

x % shown in the figure. When the aircraft was at a distance of 10 mi from the
radar, the radar indicated that the distance s was changing at a rate of

300 mi/hr. What is the plane's speed at this moment?
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B gl BAE Gl pad o JSAIL miage g LaS Lath 60 Lagins Abliaall g Lasd 40 9 Las 20 Legelii ) (laina (200w
.0 493 pa Gk i Gaal) ¢ Adina Adati

Adlusal) il b GadZll @08 Ladic @ S Jina W « 4 ft/sec Jina el ) csad) (a L (adid a3 13) (A
thydally Gadaal) G
Two buildings of height 20 feet and 40 feet, respectively, are 60 feet apart. Suppose
_ 40 that the intensity of light at a point between the buildings is proportional to the
1[]'II I‘\f*" angle 0 in the figure. (A) If a person is moving from right to left at 4 ft/sec, at what
rate is @ changing when the person is exactly halfway between the two buildings?

&l

B) Find the location at which the angle 8 is maximum? $0Say La ST @ 490 31 Guld (1985 o3 adgall 2260 (B
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