Q Exercise 11.3

Qil. Find the maximum and minimum values of the
following functions.

i 3-sin3x
sol.  f(x)=3-sin3x

Here a=3, b=-1
Maximum value off(;x) =a+[b|=3+|(-1)| =3+1=4
Minimum value of f(x)=a—-|b|=3 —|(—1)l =3-1=2
ii. 3+sin2x
sol.  f(x)=3+sin2x

Here a=3, b=1
Maximum value of f(x)=a +‘b| - 3+[1| =3+1=4
Minimum value of f(x)=a—|b|=3-{1|=3-1=2

iil. %+ sin(5x + )
sol. f(x)=%+sin(5x+:r)
p §
S D=1
Here a 2
Maximum value off(x =a+b|= -—+]I|——--+-1—2
1
Minimum value of f(x)= —|l1 —fll_—r-1——-2-
. 3 b4
iv. -2~+cos{?—z}

“sol. flx)==+cos: ¥——
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Maximum value of f(x)=a+|b|= %+|l| =%+ 1= %

Minimum value of f(x)=a —|b| =§2._|‘1| =_3__1 =_;1?
v. 1-3cos2x
Sol.  f(x)=1-3cos2x
Here a=1, b=-3
Maximum value of f(x)=a+|b|= 1+|-3 =1+3=4

Minimum value of f(x) =a-|b| =1 —|-3l =1-3=-2

vi. 1+25in[x+..{)
6

Sol. f(x)= 1+25in[x+%)
Here a=1, b=2
Maximum value of f(x)=a+|b|=1+[2]

=1+2=3
Mlmmumval'ueoff(x)— —(bl 1- (q
=1-2=-1
: 1
Vi {0-2sin3x
1
), 9lx)= 10-2sin3x

_Here a=10, b=-"

1

Maximumvaiue of g{X}=—77= . e

a-et 10-i-¢ 10-2
s A g
a+| 10+}-2 10+2.

Mviinimum value of g(X) =

¢

8
5

12



1
7 +3cos(-2x)
1
sol.  9(x)= 7+3cos(—2x)
Here a=7, b=3

viil.

1 1 G .

Maximum value of g(x)= e = 7 ====12
Minimum value of g(x)= e S SHEL §
) a+b| 7+3 7+3 10

1
IX. 5—3“’8(3x—1)
1

Here a=5 b=-
1 1
- lue of g(x) = = ==
Maximum value of g(x) a-B| 5-]-3 5-3 2
1 | & S |

Zun f == B & ——
Minimum value o 9(-") a-l-]bl 5.,.|_3| 5+3 8

Q2. The temperature T in degrees Celsius of a
certain city varies throughout the day according
3., %
to the equation T (t)=—sin| —t —— |+ 15

where tis the time in hours, witht=0
corresponding to midnight.

Sol. T(t) -—51n(—-t—£)+15
6 9

Here a=15, b= %
a) Find the Maximum and Minimum temperature
during the day

Maximum temperature = a+|b|=15+|— 13

=15 +173 =15+6.5=21.5°

Minimum temperature =a —|b| =15 _}12_3’
=15-6.5=8.5"

b) Find the Temperature at t = Shours (9:00 a.m.)

4

T(9)=-J:2§Siﬂi _rr_.(g)_% 415

-¢in /351) +15 =8.89°

'.‘.\1

Q3

Q4

A man on the top of a 100 m high light-house is

" in line with two ships on the same side of it,

whose angles of depression from the man are

17°and 19° respectively. Find the distance
between the ships.
Let d, be the distance from the lighthouse to the

farther ship.
)_ 100

tan (1 7°)= o~
100
tan(17°)
d, ~327.10m
Let d, be the distance from the lighthouse to the
closer ship.

tan(19°)= 100
2
100
% (19°)

d, ~290.42m

Let D be the distance between the ships.
D=d, -d,

D=327.10-290.42

D =~36.68m

The distance between the two ships is
approximately 36.68m .

100

P and Q are two points in line with a tree. If the
distance between P and Q be30m and the
angles of elevation of the top of the tree at P
and Q be 12°and 15° respectively, find the
height of the tree, _

Let h be the height of the tree.

Let Xbe the distance from point Q to *he base of
the tree.

tan(15”) = v

tan(l" \=
\:+'1“
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Qs

h

“tan(15°)
RS S h
e il ke 30
tan(15°) =~
tan(12°)[t—a;(%-5:j+3o]=h
ﬂ-—)+30tan(12°) h
ta.n(lS")
_htan(12°) _30tan(12°)
tan(ls"
tan(12° =30tan(12°)
tan 15°

_ 30tan( 12°) _30tan(12")tan(15°)
tan(12°)  tan(15°)-tan(12°)

tan(15°)
_30x0.2126x0.2679 _ 1.705
~0.2679-0.2126  0.0553
h=~30.83m
The height of the tree is approximately 30.83m
S
h
12 15°
[ . Rl ¢ | X R

A gaint Ferris wheel has a diameter of 60feet.

The lowest point of the wheel is located 6 feet

above the ground. The wheel completes on full

revolution every 80 seconds.

(a)  Model an equation that represent the
height h(t) of rider on the Ferris wheel at
any given time t.

(b) Find the maximum height of a rider

(c) Find the height of the rider from the
ground after 35 seconds.

Radius=r = % =30 feet

To find the angular frequency B:

(b)
(c)

To find the vertical shift D:

D =30+6=236 feet

Write the equation for h(t):

h(t)=-30cos| =t |+36
(1) =30cos( 2t

The maximum height is the vertical shift plus the
radius:

B =36+30=66 feet

Substitute t = 35 into the equation:
h(35) = -30co§[%(35}J +36

h(35)=—30cos(7—;-(35))-_i-36

h(35) ~-30(—0.9239)+36
h(35)~27.717+36
h(35) ~63.717 feet

Model an equation that represent the height
h(t) of rider on the Ferris wheel at any given
timet.

The equation for the height of the rider is

h(t)= -30cos[—7r—t] +36
40

Find the maximum height of a rider

Tha maximum height of the rider is 66 feet.
Find the height of the rider from the ground
after 35 seconds.

The height of the rider after 35 seconds is
approximately 63.717 feet
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Q6.

(a).

Sol:

(b).
Sol;

(c).

Sol:

(d).

Sol:

A child is playing on a swing in playground. The
height h(t) of the swing seat above the ground
(in meters) at time t (in seconds) is modeled by
the function.

h(t)=1.5+1.2sin(3xt) |
what is the maximum height reached by the

swing seat?
The height function is given by

h(t)=1.5+1.2sin(3xt) . The sine function,
sin(37t), oscillates between -1 and 1. To find
the maximum height, we need to find the
maximum value of f(t) . This occurs when

sin(Bm‘) reaches its maximum value, which is 1.
So, the maximum height is:
hyo =1.5+1.2(1) =1.5+1.2=2.7 meters.

what is the minimum height reached by the
swing seat? ;
Similarly, the minimum height occurs when

sin(37t) reaches its minimum value, which is -1.
So, the minimum height is:
k., =1.5+1.2(-1)=1.5-1.2=0.3 meters.

How long does it take for the swing to complete
one full back-and-forth motion (period)?
The period of a sinusoidal function of the form

. 2
sm(Bt) isgivenby T = —f-. in our case,

|B|
B=3x.
Therefore, the period fo the swing is:
2n . 2n 2
= —=——==seconds.
[3z| 3z 3

2
This means it takes § seconds for the swing to

complete on full back-and-forth motion.

At what time (s) does the swing seat first reach a
height of 2.12 meters?

We wand to find the time(s) t when h(t)=2.12
meters. So we set up the equation

2.12=1.5+1.2sin(3xt)
Now, let’s solve for sin(37t)
2.12-1.5=1.2 sin(3xt)
0.62=1.2 sin(3xt)

0.62 31
m[3nt)=—i-;:—65

Q7.

Sol:

Now we need to find the values of t for which
sin(3xt). first, let’s find the principal value:

oo 31
3zt =arcsin| — |-
' (60]

1 . [31)
t =—aresin| —
3r 60
i Y gt § :
Using a calculator, arcsin oy =~ 0.5435 radians.

So, the first time the swing reaches 2.12 meters
is:

0.5435 0.535
t,= ~

37z 9.4248

Since the sine function is also positive in the
second quadrant, there is another solution within
the first period. The general solutions for

sin(s) =k Are x =arcsin (k +2n7) and

=~ 0,0577 Seconds.

x= :r—artsin(k+2mr)., where n is an integer.

For 3zt = x —arcsin [%%], we get:

2 - amin(gn = l(;r -0.5435)
60 3

t. =—
$ 3n b4
1

(3.1416-0.5435)

~

9.4248
2.5981

9.4248
The question asks for the first tie the swing seat
reaches a height of 2.12 meters.
Comparing t, and t, , the first time is £, .
Therefore, the swing seat first reaches a height of
approximately 0.577 seconds.
A carnival ride consist of a vertical wheel with a
diameter of 40 feet. The centre of the wheel is
28 feet above the ground. The wheel rotates at a
constant speed and takes 120 seconds to make
one complete revolution. Model an equation
that describes the height h(t) of a rider on the
wheel as a function of time t. how high is the
rider from the ground after 90 seconds? At what
times will the rider be 36 feet above the
ground? '

let’s model the equation: i(t) =acos(bt)+d
Where:
=amplitude=radius=20 feet (half of diameter)

D=vertical shift =28 feet (center of wheel above
ground)

~(0.2757 Seconds.

~
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Period =120 seconds, so b=27/120=rx /60
h(t) =—20cos(nt / 60)+28 '

Note the negative sign, as the cosine function
starts at its maximum value, but we want it to

start at the minimum value (lowest point).
Height after 90 seconds:

h(90).=-20cos(7(90)/60)+28
=-20cos(37 / 2)+28 =-20(0) +28 =28 feet
Time when rider is 36 feet above ground:
36=—20cos (7t /60)+28

8=-20cos(xt / 60)

cos(nt /60)=—8/20

cos (7t / 60) =—0.4

at [ 60=arccos(—0.4)

nt /60~1.159(0r113.58°)

t~1.159x60/ 7

t ~22.12seconds

Since cosine is negative in the seconds quadrant:
t ~22.12seconds

Since cosine is negative in the second quadrant:
xt/60=27r-1.159 _
t~(27-1.159)x60/ 7 ~97.88seconds
Given the periodic nature, these values repeat
every 120 seconds. .

The equation is h(t) = —20cos (7t / 60) +28.
Height after 90 seconds: 28 feet

Times when rider is 36 feet above ground:
Approximately 22.12 seconds and 97.88 seconds

189482

Qs.

(a)

“ll

(b)

Suppose the temperature T in = degrees
Fahrenheit' of Lahore city in a month of
December throughout the day can'be modeled
by the equation:

T =64+ Bsin[%(t —'8)], where t is the time

in hours. The température oscillates 8 degrees

“above and below and average temperature of 64

degrees.
(a) Find the temperature at{ =9hours?
(b) At what time the temperature will be
maximum?

(c) Calculate the maximum temperature.
Temperature att = 9 hours:
Start with tl'ile equation:
T= 64+8$in(%(t —8)]
Substitute? =9: :
T=64+Ssin[%(9-—8_))
Simplify inside the sine function:

/4
T =64+8sin| —(I

(70)

/4

T =64+8sin| —
e (12)
e
Calculate sm(—]:
12

sin [i] ~0.2588
12

Multiply by 8: -

8x0.2588 ~ 2.0704

T ~64+2.0704 ~66.07

The temperature at =9 hours is approximately

66.07 degrees Fahrenheit.
Time. at which the temperature will be
maximum :

sin [%(! - 8)) reaches its maximum value

which is 1.
Set the sine term equal to 1.

/3

sin| —(1-8) |=1

(e-9)
Find the angle for which sine is 1.
The first such angle is %
l(z -8)= =
12 i
Solve for (t —8):
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Q9.

1—8-=—;,)£xE =6

Solve fort :

! =_6 +8= 14

The temperature will be maximum atf =14 hours
Maximum temperature:

The maximum temperature occurs when the sine
termis 1.

Substitute the maximum value of the sine term
into the temperature equation:

T .. =64+8 (l)
Calculate the maximum temperature:
I..=64+8=72

The maximum temperature is 72 degrees
Fahrenheit

Suppose the population of a coastal city follows |

a sinusoidal pattern due to seasonal migration,
The population of the city over the course of a
year can be modeled by the equation:

P(t)=70000+ 10000[%:--%),1’(:) is the

population at time t (t is the time in months,

with t = 0 corresponding to January 1%). Where t

denoted the months in a year.

(a) - Find.the populationof acityat t=7
months

(b) Find the maximum population

(a) Calculate the populationat t=7
Substitute ¢ =7 into the population model:

P(7)=70000+ 10000cos(%(7) _%)

P(7)=70000+10000cos I _3x
6 6

: 4
P(7)=7oooo+10000cos(—6’5]

i - 2
P(7)=70000+ 10000cos(-§]

P(7)= 70000+10000[—%J

P(?) =70000-5000

P(?) =65000

(b) Calculate the maximum populatio

The maximum value of cos(x)is 1. '

The maximum population is found by substituting

1 for cos[-?-r—t ——f-)
5=

P, =70000+10000(1)

P_ .. =70000+10000

max

P,,. =80000
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