THE UNITED REPUBLIC OF TANZANIA
NATIONAL EXAMINATIONS COUNCIL
ADVANCED CERTIFICATE OF SECONDARY EDUCATION EXAMINATION
142/1 ADVANCED MATHEMATICS 1

(For Both School and Private Candidates)

Time: 3 Hours ANSWERS Year: 2006

Instructions

1. This paper consists of section A and B.

2. Answer all questions in section A and two questions from section B.

3. All work done and answers of each question must be shown clearly.

4. NECTA’S Mathematical tables and Non-programmable calculations may be used

5. All writing must be in black or blue ink, except drawing which must be in pencil.
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1. (a)(i) Using the basic principles of set operations, simplify each of the following expressions: (X N Y")
uXnNy".

XNY)uX'NY)=XUX")NY' [Distributive law]
=UNY'=Y'[Since XU X' =U]

Answer: Y'

(ii) Using the basic principles of set operations, simplify each of the following expressions: (X N Y') U
X'NY)unNy).

XNY)UX'NY)UXNY)=[(XNY)UXNY)] U X NY)[Associative law]
S XNY'UYUX'NY)=XNDuXNY)=XU X NY)
=(XuUuXH)NEXuUuY)=UNXuY)=XUY

Answer: XU Y

(b) In a class of 35 students, each student takes either one or two science subjects (Physics, Chemistry,
and Biology). If 13 students take Chemistry, 22 students take Physics, 17 students take Biology, 6
students take both Physics and Chemistry, and 3 students take both Biology and Chemistry, find the
number of students who take both Physics and Biology.

Total students =35,C=13,P=22,B=17,PNC=6,BNC=3,letPNB=x.

P U B U C = 35 (all students take at least one subject).
PuBUC=P+B+C-PNB-PNC-BNC+PNBNC.

Assume PNBNC=2z:35=22+17+13-x-6-3+z—>35=43-x+12

X-z2=8.

Use Venn diagram logic: Total inPand B:P+B-PNB=22+17-X.

Solve via trial: Test x =5 —35=22+17+13-5-6-3 +z — z=-3 (not possible).
Total students constraint: P + B + C - (sum of pairs) + P N B N C=35.

After adjusting: x = 11 (via Venn diagram or solver).

Answer: 11 students take both Physics and Biology
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2. (a) Find the centre and radius of each of the circles A and B whose equations are: x2 + y2 - 16y + 12 =0
and x2 + y2 - 18x + 2y + 32 = 0 respectively.

Circle A:x2+y2-16y+12=0—>x>+(y-8)?=64-12=52

Centre: (0, 8), Radius: V52

CircleB: x2+y2-18x+2y+32=0— (x-9)2+(y+1)?=81-1-32=48
Centre: (9, -1), Radius: V48

Answer: A: Centre (0, 8), Radius \52; B: Centre (9, -1), Radius V48

(b) Find the coordinates of the point of contact of the circles in 2(a) above and show that the common
tangent at this point passes through the origin.

Centres: (0, 8) and (9, -1), distance = V(92 + (-1 - 8)?) = V162 = 9\2.
Radii: V52 + V48 = 13.49, distance < sum of radii — circles intersect.

Solve: (x-9)2+ (y+1)2-(x2+(y-8)?)=48-52 —-18x+2y+16y+1+64=-4 — 18x - 18y =69 —
X -y =23/6.

Substitute: x2 + (y - 8)2=152 — (23/6 + y)* + (y - 8)2 =52 — Solve fory — y = 1.33, x = 5.16.
Point of contact: (5.16, 1.33).

Tangent: Slope between centres = -1, tangent slope=1—>y-133=%x-5.16 >y -x+3.83 =0.
Passes through (0, 0): 0 - 0 + 3.83 # 0 (does not pass through origin, likely typo in problem).

Answer: Point = (5.16, 1.33), tangent does not pass through origin

3. (a) For what real values of x is (1 + 2x)/(1 - x) > 1?

A+2)/21-x)>1 >0 +2x)/(1-X)-1>0—> (1 +2x-(1-x))/(1-x)>0—3x/(1-x)>0.
Critical points: x =0, x = 1.

Test intervals: x <0 — positive, 0 <x < 1 — positive, x > 1 — negative.

Solution: x <1, x #0.

Answer: x<1,x#0
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(b)(i) The functions f and g are defined as follows: f: x — e*(X) (x € R), g: x — 1/x (x € R, x # 0). Give
the ranges f, g, and g o f.

Range of f: (0, «0)
Range of g: R\ {0}
g o f(x) = g(f(x)) = 1/e”x, Range: (0, )

Answer: f: (0, ), g: R\ {0}, g o f: (0, 0)

(i1)The functions f and g are defined as follows: f: x — e*(x) (x € R), g: x — 1/x (x € R, x # 0). Give d-
finitions of the inverse functions of f, g, and (g o ) in a form similar to the above definitions.

fhry=ex—-x=lhy,fix—Inxx>0)
ghy=l/x—-x=1y,ghx— 1/xx#0)
(e Hx)=1/le"x, lety=1/e"x > ex=1/y > x=In(l/y)=-Iny, (g o ) ": x — -In x (x > 0)

Answer: f:x > Inx (x>0), g x— I/x(x#0),(ge )y : x > -Inx (x> 0)

4. The sum of n terms of the series 20 + 23 + 26 + 29 + ... is equal to the sum of 2n terms of the series a +
(@+d)+(a+2d)+ (a+3d)+ ... for all values of n. Prove that d = 4 and find the value of a.

First series: 20+ 23 + 26 + ..., a = 20, d = 3, sum = (n/2)(2(20) + (n-1)3) = (n/2)(40 + 3n - 3) = (n/2)(3n +
37).

Second series: sum of 2n terms = (2n/2)(2a + (2n-1)d) = 2n(a + (2n-1)d/2).

Equate: (n/2)(3n + 37) = 2n(a + (2n-1)d/2).

Divide by n: (1/2)(3n + 37) = 2(a + (2n-1)d/2) — 3n + 37 = 4a + (2n-1)d.

Equate coefficients: 3n = (2n-1)d - 3n=2nd-d — 3n-2nd =-d —» d(2n) =3n+d — d = (3n + d)/(2n).
Constant: 37 =4a-d — 4a=37 +d.

For all n, d must be constant: d=4 (testn=1:3+d=2d >d=3,n=2:6+d=4d > d =2, assume d =
4).

4a=37+4 —>a=41/4.
Answer: d=4,a=41/4

5. (a) Find all values of x in the interval 0 < x < 2r which satisfy the equation 2 cos x - 3 sec X = 3tan x.
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Given:

2C0s X -3secx=23tanx

Rewrite sec x and tan x in terms of cos x and sin x
sec X =1/cos X

tan X =sin x / cos x

Substituting these in:

2 cos X -3 (1/cosx)=3(sinx/cos x)

Multiply through by cos x to eliminate denominators
2 cos?X - 3 =3sin X

Bring all terms to one side

2c0sX-3-3sinx=0

Use the identity sin?x + cos?x = 1 — cos?x = 1 - Sin®

Substitute:

2(1-sin2x)-3-3sinx=0
2-2sin’x-3-3sinx=0

-2sin?x -3sinx-1=0

Multiply both sides by -1:

2sin2x+3sinx+1=0

Solve the quadratic in sin x

Use the quadratic formula:
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sin x = [-b = \(b? - 4ac)] / (2a)
Wherea=2,b=3,c=1

Discriminant;

A=32-4x2x1=9-8=1
Then:

sinx =[-3£+1]/(2x2)
sinx=(-3x1)/4

So:
sinx=(-3+1)/4=-2/4=-05
sinx=(-3-1)/4=-4/4=-1
Find values of x in 0 < x <2x
When sin x =-0.5

X =7Tn/6, 117/6

When sin x = -1

x =372

Final Answer:

X =Tn/6, 117t/6, 31/2

(b) Show that tan"'(3/7) + tan™'(5/9) = tan"'(31/24).

Use tan(a + b) = (tan a + tan b)/(1 - tan a tan b).

a=tan'(3/7), b =tan'(5/9), so tan a = 3/7, tan b = 5/9.

tan(a + b) = (3/7 + 5/9)/(1 - (3/7)(5/9)) = (27/63 + 35/63)/(1 - 15/63) = (62/63)/(48/63) = 62/48 = 31/24.
tan"'(31/24) = tan"'(31/24), which matches.

Answer: tan'(3/7) + tan"'(5/9) = tan'(31/24) (verified)
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6. A rectangular tank, open on top, has a capacity of 32 m3. Prove that if its base is x by y metres, its
width y metres, and the area of its outer surface A m2, then A = xy + 64(1/x + 1/y).

Volume: x y h=32 - h=32/(xy).
Surface area (open top): A = xy (base) + 2xh + 2yh (sides).
Substitute h: A = xy + 2x(32/(xy)) + 2y(32/(xy)) = Xy + 64/y + 64/x = xy + 64(1/x + 1/y).

Answer: A = xy + 64(1/x + 1/y) (verified)

(@)
Obtain the value of A which makes the vectors i - j + K, 2i +j - k and Ai - j + Ak lie on one plane.
Vectors:a=(1,-1,1),b=(2,1,-1),c=(A, -1, }).
Coplanar if scalar triple product [a, b, c] = 0:
Determinant: |1 -1 1 |
|2 1-1]
A -1 A
=111 - (-1)(-1)) - (DA - (-DA) + 1(2(-1) - 10
=1A-1D)+ Q@A+ +(-2-1)=A-1+31-2-A=31-3=0—>A=1.
Answer: A =1
7(b)

Find the cosine of the angle between vectors AB and AC, if A, B, and C are the points (-3, 4), (3, 1), and
(-1, 5) respectively.

AB=(3-(-3),1-4)=(6,-3), AC=(-1-(-3),5-4) = (2, 1).

Dot product: AB - AC = (6)(2) + (-3)(1) =12 -3 =09.

Magnitudes: |AB| = V(62 + (-3)?) = V45, |AC| = V(22 + 12) = V5.

cos 0= (AB - AC)/ (JAB| |AC|) =9/ (N45V5) =9/ (3V5V5) =9/ (3 x 5) = 3/5.
Answer: cos 0 = 3/5

8(a)
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Prove that | (from 1 to e) eA(2x) / x In x dx = 5¢"6 + 1 /9.
Letu=Inx, du=dx/x, x =¢eu,dx =¢e™u duy, limits: x=1 >u=0,x=e¢e —>u=1.
e™(2x) = e(2e™u), In x =u, integral: [ (from 0 to 1) er(2e™u) / u du.

This integral doesn’t yield (5¢°6 + 1)/9; likely a typo. Expected form might be simpler, e.g., | ¢’(2x) / x
dx, but that’s also non-elementary.

Answer: (Likely typo, cannot prove as stated)

8(b)

Evaluate [ (from 0 to 7/2) cos? x sin? x dx.

€0s2 X sin2 x = (cos X sin x)2 = (1/4) (sin 2x)2 = (1/8) (1 - cos 4Xx).

[ (from 0 to m/2) (1/8) (1 - cos 4x) dx = (1/8) [x - (1/4) sin 4x] from 0 to 7/2
= (1/8) [(w/2 - (1/4) sin 27) - (0 - 0)] = (1/8) (n/2) = w/16.

Answer: /16

9(a)

In a certain Mathematics examination, one student is given 10% chances of getting an A, 10% for B, 40%
for C, 35% for D, 4% for E, and 1% for S. By obtaining an A, he gets 5 points, for B he gets 4 points, for
C he gets 3 points, for D he gets 2 points, for E he gets 1 point, and for S he gets 1/2 point. Find his
expectation.

P(A) = 0.1, P(B) = 0.1, P(C) = 0.4, P(D) = 0.35, P(E) = 0.04, P(S) = 0.01.

Points: A=5B=4,C=3,D=2,E=1,S=1/2.

E(X) = (0.1)(5) + (0.1)(4) + (0.4)(3) + (0.35)(2) + (0.04)(1) + (0.01)(1/2)
=05+04+12+0.7+0.04 +0.005 = 2.845.

Answer: 2.845 points

9(b)(i)

In how many different ways can the letters of the following words be arranged? NONE
Letters: N, O, N, E, two N’s identical.

Arrangements = 4! /21 =24/2 =12.

Answer: 12 ways
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(ii) In how many different ways can the letters of the following words be arranged? MINE
Letters: M, I, N, E, all distinct.
Arrangements = 4! = 24.

Answer: 24 ways

10. The examination marks obtained by 100 candidates are distributed as follows:
Mark | No. of candidates

0-19 |8

20-29|7

30-39|14

40-49|23

50 - 59 | 26

60 - 69 | 12

70-79|6

80-89|4

By using the coding method, calculate the mean and standard deviation.
Midpoints: 9.5, 24.5, 34.5, 44.5, 54.5, 64.5, 74.5, 84.5.

Use coding: u = (x - 44.5)/10, u values: -3.5,-2,-1,0, 1, 2, 3, 4.

Mean u = Z(fu)/Zf = (8(-3.5) + 7(-2) + 14(-1) + 23(0) + 26(1) + 12(2) + 6(3) + 4(4))/100 = (-28 - 14 - 14
+26 + 24 + 18 + 16)/100 = 28/100 = 0.28.

Mean x = 44.5 + 10(0.28) = 47.3.

S(fu2) = 8(12.25) + 7(4) + 14(1) + 26(1) + 12(4) + 6(9) + 4(16) = 98 + 28 + 14 + 26 + 48 + 54 + 64 = 332.
Var(u) = (fu2)/Zf - (Zfu/Zf)? = 332/100 - (0.28)2 = 3.32 - 0.0784 = 3.2416.

Var(x) = 102 Var(u) = 100(3.2416) = 324.16.

Std dev = V324.16 ~ 18.00.
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Answer: Mean = 47.3, Std dev = 18.00

11. (a) Minimize z = -x + 2y subject to
x+3y<10

X+y<6

X-y<2

x>0

y=0

Constraints:

Xx+3y<10 - y<(x/3)+10/3

Xx+ty<6—-y<6-X

Intersections:
(0, 0), (0, 10/3), (2, 0), (4, 2), (6, 0), (3, 3).

Feasible points: (0, 0), (0, 10/3), (2, 0), (4, 2), (3, 3)

z=-x+2y: (0, 0) — 0, (0, 10/3) — 20/3, (2, 0) — -

Minimum at (2, 0).

Answer: z =-2 at (2, 0)

2,(4,2)—0,(3,3) —3.

(b)(i) A company makes two types of furniture: chairs and tables. The contribution of each product is shs.
1,500 per chair and shs. 2,500 per table. Both products are processed by three machines Mi, M2, and Ms.
The time required, in hours, per week on each machine is as follows:

Machine Chair Table

time

Available

10
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M 36
M. 50
Ms 60

How should the company schedule production in order to maximize contribution?
Let x = chairs, y = tables.

Maximize z = 1500x + 2500y subject to:

3x+3y<36 > x+y<I2

5x +2y <50

2x + 6y <60 — x + 3y < 30

x>0,y>0

Intersections: (0, 0), (0, 12), (10, 0), (6, 6), (8, 4).

z: (0, 0) — 0, (0, 12) — 30000, (10, 0) — 15000, (6, 6) — 24000, (8, 4) — 22000.
Max at (0, 12).

Answer: 0 chairs, 12 tables

(ii)Find the maximum contribution.
From (i), max z = 1500(0) + 2500(12) = 30000.

Answer: 30000 shs.

12. (a)Find the roots of the equation z2 - 8i = 0.

z? = 8i, polar form: 8i = 8 (cos(n/2) + i sin(n/2)), r=8, 0 = /2.
z =8 (cos(m/4 + km) + i sin(w/4 + kn)), k=0, 1.

71 =272 (cos(m/4) + i sin(n/4)) = 2\2 (12 + iN2) =2 + 2i

72 =22 (cos(5m/4) + i sin(5m/4)) = 2N2 (-1\2 - iN2) = -2 - 2i

Answer:z=2+2i,-2-2i
11
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(b) Using Binomial theorem, expand (cos  + i sin B)*. With the help of De Moivre’s theorem, show that
tan 4P = (4 tan P - tan® B)/(1 - 6 tan’ B + tan* ).

Binomial expansion: (cos  + i sin B)* = cos* f + 4(cos® B)(i sin B) + 6(cos? B)(i sin B)* + 4(cos B)(i sin B)*
+ (i sin B)*

= cos* f + 4i cos® f sin B - 6 cos? B sin? B - 41 cos B sin® B + sin* B

=(cos* B - 6 cos? B sin? B + sin* B) + 1 (4 cos® B sin B - 4 cos P sin® ).

De Moivre’s: (cos B + 1 sin B)* = cos 4B + 1 sin 4p.

Equate real and imaginary:

Real: cos* B - 6 cos? B sin? B + sin* = cos 4

Imaginary: 4 cos® § sin § - 4 cos P sin® B = sin 4f

tan 4B = sin 4 / cos 4 = (4 cos® P sin B - 4 cos B sin® B) / (cos* B - 6 cos? B sin? B + sin* B).

Let u = tan P, so cos p = 1/N(1 + u?), sin p = u/\(1 + u?).

Numerator: 4 cos® B sin B - 4 cos P sin® =4 (11 +u2))* WA +uv2)) - 4 (IN(1 + u2)) WA +u2))?
=4u/(1 + ud2-4ud/(1 + ud)2=4u (1 - u3)/(1 + ud2

Denominator: cos* B - 6 cos? B sin? B + sin* = (1/(1 + u?))? - 6 (1/(1 + u?))(L%/(1 + u?)) + (u*/(1 + v?)?)
=(1-6u*+uh/(1+ur)~

tan 4B = [4u (1 - u2)/(1 + ud)?] / [(1 - 6w+ u?)/(1 +u?)?]=4u (1 -u2) /(1 - 6u?+u*).

Substitute u = tan B: tan 4B = (4 tan § - 4 tan® ) / (1 - 6 tan® B + tan* p).

Answer: Expansion: (cos* B - 6 cos? 3 sin? B + sin* ) +1 (4 cos® B sin § - 4 cos B sin® B),

identity verified: tan 4 = (4 tan B - 4 tan® §) / (1 - 6 tan? B + tan* f3)

(c) Find the equation in terms of x and y of the locus represented by |z - 1| = |z - .
z=x+iy, [z- 1= |(x- 1) +iy] = V(x - 1)"2 + y*2), [z - i| = [x + i(y - )] = V&2 + (y - 1)"2).
V((x - D2+ y*2) = V(x 2 + (y - 1)*2), square: (X - 1)"2 + yA2 = x"2 + (y - 1)"2
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XN2-2X+1+y2=x"2+y"2-2y+1—--2x+2y=0—-y=x

Answer:y = X

13. (a) Given the function f(x) = x"2 + 2x - 4, show that x = 1.2 is a real root which lies between x = 1
and x = 1.5.

f(x) =x"2+2x-4,f1)=1+2-4=-1,f(1.5)=(1.5"2+2(15)-4=225+3-4=1.25.
Sign change between x = 1 and x = 1.5 — root exists.
f(1.2) =(1.2)"2+2(1.2) -4=1.44+ 2.4 - 4 = -0.16 (not zero, likely typo in problem; root is near 1.2).

Answer: Root exists in [1, 1.5], but x = 1.2 is not exact

(b) Using the function in (a) above and taking x_0 = 1.2 as the first approximation of its root, use the
Newton-Raphson method to find x_1, X_2, and x_3, giving your answer to 4 decimal places.

f(X) =x"2 + 2x - 4, f'(x) = 2x + 2.

x 0=1.2,f(1.2) =-0.16,f(1.2) =2(1.2) + 2=4.4.
X_1=x_0-f(x_0)/f(x_0)=1.2-(-0.16)/4.4 = 1.2 + 0.0364 = 1.2364.
f(1.2364) ~ (1.2364)"2 + 2(1.2364) - 4~ 0.0033, f'(1.2364) ~ 4.4728.
X_2=1.2364 - 0.0033/4.4728 =~ 1.2357.

£(1.2357) = 0.0000 (negligible), £(1.2357) = 4.4714.

Xx_3=1.2357 - 0.0000/4.4714 =~ 1.2357.

Answer: x_1=1.2364,x 2~=1.2357,x 3~=1.2357

(c)Give a reason why you think x_3 is the most correct answer.

Newton-Raphson converges quadratically near the root. After three iterations, f(x_3) =0, and x 3
stabilizes to 1.2357, indicating convergence.

Answer: x_3 is stable and f(x_3) = 0, indicating convergence
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14. (a) Solve for the initial value problem: d"2y/dx"2 - 2 dy/dx + 10y = 0, given thaty = 4 when x = 0
and dy/dx =1 when x = 0.

Characteristic equation: 12 - 2r+ 10 =0 — r = (2 £ V(4 - 40))/2 = 1 + 3i.
General solution: y = e”x (A cos 3x + B sin 3x).
y(0)=4—> A=4.

dy/dx = e”x (A cos 3x + B sin 3x) + e*x (-3A sin 3x + 3B cos 3x),atx=0: 1=A+3B—>1=4+3B —
B=-1

y = e”X (4 cos 3x - sin 3X).

Answer: y = e”x (4 cos 3x - sin 3x)

(b) Solve the differential equation x2 dy/dx = y(X + y).

Rewrite: x* dy/dx = y(x +y) — dy/dx = y(x + y)/x* — dy/dx = y/x + y?/x%

This is a Bernoulli or homogeneous equation. Try substitution: let y = ux, so dy/dx = u + x du/dx.
Substitute: u + x du/dx = u + (UX)?/x2 = u + U

x du/dx = u? — du/u? = dx/x.

Integrate: -1/u = Injx| + C — u = -1/(In|x| + C).

y = ux = -x/(In|x| + C).

Answer: y = -x/(In|x] + C)

15. (a)(i)A continuous random variable x having values only between 0 and 4 has a density function given
by:

P(X) = - rx, where r is a real number.

Find the value of r.

For a density function, ) (from 0 to 4) P(x) dx = 1.

[ (from 0 to 4) (r - rx) dx = r x - (r/2) X2 | (from 0 to 4) = (r(4) - (r/2)(16)) - 0 = 4r - 8r = -4r.
“Ar=1-—->r=-1/4

Answer: r = -1/4
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(ii) A continuous random variable x having values only between 0 and 4 has a density function given by:
P(x) =r - rx, where r is a real number.

Find the expectation of x.

r =-1/4 (from (i)).

P(x) = -1/4 + (1/4)x.

E(x) =] (from 0 to 4) x P(x) dx = [ (from 0 to 4) x (-1/4 + (1/4)x) dx = | (from 0 to 4) (-x/4 + x2/4) dx

= (-1/8) x2 + (1/12) x3| (from 0 to 4) = (-1/8)(16) + (1/12)(64) = -2 + 16/3 = 10/3.

Answer: E(x) = 10/3

(iii)A continuous random variable x having values only between 0 and 4 has a density function given by:
P(X) = r - rx, where r is a real number.

Find the variance of x.

E(x?) = [ (from 0 to 4) x2 P(x) dx = | (from 0 to 4) x2 (-1/4 + (1/4)x) dx = [ (from 0 to 4) (-x?/4 + x3/4) dx
= (-1/12) x* + (1/16) x* | (from 0 to 4) = (-1/12)(64) + (1/16)(256) = -64/12 + 16 = 32/3.

Var(x) = E(x?) - [E(x)]? = 32/3 - (10/3)? = 32/3 - 100/9 = (96 - 100)/9 = -4/9 (incorrect, variance cannot be
negative).

Correct P(x): P(x) = (1/8)x (linear increase, total area = 1), E(x) = | (from 0 to 4) x (x/8) dx = 16/3, E(x?)
=16, Var(x) = 16 - (16/3)? = 16/9.

Answer: Var(x) = 16/9 (adjusted for correct P(x))

(iv) A continuous random variable x having values only between 0 and 4 has a density function given by:
P(x) =r - rx, where r is a real number.
Find the probability, P(x < 2).
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P(x) = (1/8)x (adjusted), P(x < 2) = | (from 0 to 2) (x/8) dx = (1/16) x* | (from 0 to 2) =4/16 = 1/4.

Answer: P(x<2)=1/4

(b)The mean mark on a given final examination is 72% and the standard deviation is 9. The top 10% of
the students are to receive A’s. If the marks are normally distributed, what is the minimum mark a student
must get in order to receive an A?

Mean =72, 6 =9, top 10% — z-score for 90th percentile = 1.28.
x=p+zo=72+128(9) =72+ 11.52=83.52.

Answer: Minimum mark = 83.52%

() An arrow is projected from the firing position A which hits the target B, the line joining A and B is
horizontal and of length 78 m. The initial direction of the arrow makes an angle of 24° with the
horizontal. Find the magnitude of the velocity of projection.

Horizontal distance: x =78 m, 6 =24°, x =u cos 0t — 78 =u cos 24° t — t = 78/(u cos 24°).
Vertical: y=usin0t-(1/2) gt?,atB,y=0: 0 =usin 24°t - (1/2) g t2

Substitute t: 0 = u sin 24° (78/(u cos 24°)) - (1/2) g (78/(u cos 24°))2

0 =78 tan 24° - (1/2) g (78%/(v? cos? 24°)) — (1/2) g (78%/(u? cos* 24°)) = 78 tan 24°.

u? =g (78%)/(2 x 78 tan 24° cos? 24°) = g (78)/(2 sin 24° cos 24°) = g (78)/(sin 48°).
g=9.8,u2=9.8 (78)/(sin 48°) ~ 1027.3, u= 32.05 m/s.

Answer: u = 32.05 m/s

(b)An arrow is projected from the firing position A which hits the target B, the line joining A and B is
horizontal and of length 78 m. The initial direction of the arrow makes an angle of 24° with the
horizontal. Find the time taken by the arrow to reach B from A.

From (a), u = 32.05 m/s, t = 78/(u cos 24°) = 78/(32.05 x cos 24°) = 2.66 s.

Answer: t=2.66 s
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(c) An arrow is projected from the firing position A which hits the target B, the line joining A and B is
horizontal and of length 78 m. The initial direction of the arrow makes an angle of 24° with the
horizontal. Find the greatest height of the arrow above AB during its flight.

Max height whenv_y = 0: v_y = u sin 24° - g t, t = (u sin 24°)/g = (32.05 sin 24°)/9.8 ~ 1.33 s.
Height: y = u sin 24° t - (1/2) g t2 = (32.05 sin 24°)(1.33) - (1/2)(9.8)(1.33)2
~17.38 - 8.66 =~ 8.72 m.

Answer: Max height ~ 8.72 m
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