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Physics 200 marks

1.

Since both blocks move with the same acceleration, apply Newton's second law to the whole
system, subtracting the total friction.
f=(4+6)(0.20)9.8)=19.6 N

— 40-19.6 _
a= ¢ =2.04ms 2

For the 6 kg block, T —f, = 6a =T = 6(2.04) + 6(0.20)(9.8) =24.0N
The tension accelerates the 6 kg block to the right; subtracting its own friction and the tension
from the force applied to the 4 kg block gives the same acceleration.

First check the limit of static friction.

N =2gcos30°=16.97N, f; pax = 0.40N = 6.79N

The friction needed on the incline to stay at rest is 3g —2g sin 30° = 19.6 N, which exceeds f; max; S0
the 3 kg mass descends.

fi =0.25(16.97) =4.24N

a= E2EI0E 307 g2

T —2gsin30°—fy =2a=T =20.2N

The centrlfugal pseudo -force is Fcf = mQ X (Q X ;) mQ2r
Fcf = 0. 5(4)2(21) — 161N

The Coriolis pseudo -force i 1s Fcor = —2mé X ;rel

FCor = —=2(0. 5)(4k X 33) = 121 )

The Euler pseudo-force is FE =-m (%) X1

FE =—-0.5(1. 5k><21)——1 SJN
Total pseudo-force Fpseudo 281 - 1. 5J N

The centrifugal force points away from the axis, the Coriolis force is perpendicular to the relative
velocity, and the Euler force arises from the angular acceleration.

In the ground frame, the truck's velocity adds to the horizontal component, while the vertical
component is unchanged.

u, = 15+20c0s30°=32.32ms™!, uy; =20sin30° = 10 ms™

10+10t—4.9t2=0=1t=2.78s

X = uxt = 32.32(2.78) = 89.8 m

Energy conservation relates the speeds at the bottom and the top.
vfop =V iom — 48R =202 — 4(9.8)(5) = 204
Viop = 14.28 ms™!

Nbottom — g = mv%ﬁmm — Nbottom = mg + 1000 (420) = 89 8kN

Niop +mg = t°p=>Ntop—1ooo(2°4 9.8) =31.0kN

At both points, the normal force points toward the centre of the circle; at the bottom it is upward,
and at the top it is downward.

J m(ve - vi) = 0.20[(~ 10~ 15)i + (6~ 6)j] = —5iNs
Fyvg = L= % = —250iN
The wall changes only the perpendicular component; the tangential component's impulse and

average force are zero.
1J1 = 5N, IFaygl = 250N
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11.

12.

13.

14.

With no external horizontal force, the displacement of the centre of mass is zero. Let the boat's
displacement be x, taken in the opposite direction.

240x +80(x +2.5) = 0 = x = — 5023 — —0.625m

The person's displacement relative to the ground = 2.5 —0.625 = 1.875m
The boat's length does not affect the result; only the relative displacement the person walked
matters.

J = [S(6-2t)dt = [6t— 2]} = 9Ns

v(3)=1+4.5=5.5ms"! to the right
Although the force is zero at t = 3 s, the total impulse is not zero; it is the area under the force-
time curve over the whole interval.

w(t) = wo + [} 4t dt =2 + 2t
®(3)=2+2(9) = 20 rads "

0= [22+2t%)dt =2(3) + 2(27) = 24rad
a(3) = 4(3) = 12 rads >

a, = aR = 12(0.30) = 3.6 ms 2

ac = °R =20%(0.30) = 120 ms >

o

4

(=)

The distance of each mass from the axisisr =

I=dmr? = 4(1) (%4F) = 032kgm?

m

=

o = at = 6.25(5) = 31.25rads |
K = 1Iw?=156.25]

The moment of inertia of a solid cylinder is I = %mRz; for pure rolling, v = Ro.

2
mgh = b’ + 11 (3)° = Jmv?

v = \/igh = \/—4(9'83(1'4) =428 ms™!

w=3%=28=2]4rads”

a= %;70 =3.92ms >

f =mgsin37°—ma="7.84N

The friction acts up the incline and accelerates the cylinder's rotation; static friction is needed to
maintain pure rolling.

The wall's reaction R on the ladder is horizontal, and the floor's normal reaction is N = mg. Take
torques about the bottom end.
R(Lsin 60°) = mg (%) cos 60°

R = mg cos 60° _ mg
2 sin 60° 243

The floor's friction f = R and f < ysmg

. =R 1 _—
Bomin = & = 51= = 0289

Find the mass striking the plate per second from the cross-sectional area of the flow.

A = (0.0075)* = 1.767 x 10*m?

m = pAv = 1000(1.767 x 10"*)(30) = 5.30kgs ™'

F = m(vi, — Vout) = 5.30[30 — (=30)] = 318N

Since the jet's momentum reverses completely, the rate of change of momentum is m multiplied
by 60 ms .

m(t) = 10 + 0.50t; since horizontal momentum is conserved, mv = movo = 20 kg ms !

_ 20 _ -
V(4) = WSOM) =1.667ms 1

dv _ __d _(0.50)(1.667) _ 5
my = -viy = a=———p— =—0.0694 ms

Horizontal momentum is conserved as the stationary sand joins the cart, but the increasing total
mass reduces the velocity.



15. For equal masses and a stationary target, apply momentum and Kinetic energy conservation
together.
u’ = V% + V%
From the y-component of momentum, 0 = v; sin30° — v, sin ¢
From the x-component and the energy equation, vi = ucos30° = 8.66ms !, vo = usin30° =
5.00ms™!
¢ = 60°; the two final velocities are perpendicular to each other.

16. Let A be the wedge's acceleration; work out the normal reaction on the block in the wedge's
frame.
N =m(gcos30°+ Asin30°)
For equilibrium along the incline, Im(g sin 30° — A cos 30°)I < pusN
At the lower limit (A mpin, friction at its maximum acting up the slope), m(g sin 30° — A cos 30°) =
usm(g cos 30° + A sin 30°)

~ — g(sin30°—p, cos30°) _ -2
Amm cos 30°+p sin 30° 3.32ms

At the upper limit (Apnax, friction at its maximum acting down the slope), m(A cos 30° —
g sin 30°) = yym(g cos 30° + A sin 30°)

— g(sin30°+y, cos 30°) _ -2
Amax cos 30°—ps sin 30° 8.62 ms

Since the wedge and block move together with the same acceleration, P = (M + m)A, where M +
m = 8 kg.

Poin =8(3.32) =26.5N, P = 8(8.62) = 68.9N

Within this range, friction can act in whichever direction is needed; outside it, the block slips
relative to the wedge.

17. v=%=6t>-6t = v(2)=12ms"

a=%=12t-6=a(2)=18ms™
F =ma=2(18)=36N

v(0) = 0; from the work-energy theorem, W, = AK = %(2)(122 —-0)=1441]

The work-energy theorem gives the work of the net force without needing a displacement-based
integration.

18. I=mr?=2(0.5)>=0.50kgm?,t = Fr = 4(0.5) = 2Nm

I 0.50
o = 6+4(3) = 18rads™’
AL =I(w — wg) = 0.50(12) = 6 kg m?s™!
0 = wot + at® = 18 + 18 = 36 rad
W =10=72]

— 2(0)+3(4H+5(0) _ 1.2m
10 ’

_ 20801560) _ ) 5

19.
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Fext =31+ (-1+2j)+4j =2i+6jN

o i AP A

e = Bt = 256 — 097+ 0.6] ms 2

The internal forces cancel each other out; the acceleration of the centre of mass depends only on
the total external force.

20. Initial momentum = (100 + 50)(2) = 300 kg ms ™"
Vperson — Vcart — 4, 5()Vperson + 100vas = 300
Solving the two equations, v, = 0.667 ms™!, Verson = 4.667 ms™!
K; = 2(150)(2)*> = 3001
K = 1(100)(0.667) + 1(50)(4.667)> = 566.7
Increase in Kinetic energy = 566.7 — 300 = 266.7J

Although horizontal momentum is conserved, the person's muscular energy input increases the
total Kinetic energy.

Mathematics 200 marks
21. Letz%=-729
We know, —1 = cos t+isinm = e

In general form, —1 = e®*™™ where k € Z
. 6 = 729iCkrrn) = 366i2knin)



22.

23.

24.

Raising both sides to the power %, by De Moivre's Theorem:
Qk+D)m

z = (36)tel™%

=7z =3 [cos (Zkgl J'E) +1isin (2k6“:rc)]

To get the 6 roots, puttingk =0,1,2,3,4,5:

k=O:>z1=3(cos%+isin1‘)=3(£+il)=#+

6 1

\] [O8)

k=1=2=3 (c0s3“+1s1n ) 3(0+1)=3i
k=2=>2;=3(cos 2Z +isin L) =3 §+i% =—¥+%i
k=3=124=3(cos E+isin X)) =3 (- —il) = -2 -3
k=4=25= (cos—+1sm%“)=3(0—i)=—31
k =5=2z4=3(cos ““+1s1n“7“)—3(3§—i%>=342§—%1

Letz =x+1y

Given equation: Ix +iy — 5l —Ix+iy + 51 =38

= G5y - x5y =8

= oS FyT =84/ GF 5P Ty

= (x5 +y =64+ 16/(x + 52 +y2 +(x+ 5> +y?
= x* — 10x +25 =64+ 16,/(x + 52 +y2 + x> + 10x + 25
= —20x— 64 = 164/(x + 52 +y2

= —5x— 16 =4,/(x + 52 +y2

= 25%% + 160x + 256 = 16(x> + 10x + 25 + y?)

= 25x + 160x + 256 = 16x? + 160x + 400 + 16y?>

= 9x2 —16y2=144

2

2 _y
=159 =1

This represents the standard equation of a hyperbola ;‘—j - %—i = 1. (Proved)
Here a> = 16 and b* = 9

] — b2_ 2: 2_5=§
Eccentricity, e = \/1“‘ 2= \/1+ 16 6 4

Given, (1 +x)" =cy+c;x+cox? + c3x° +egxt + ...

Putting x = i in this equation:

(1 +1)® = co + cji+ cai? + c3i + cuit + ...

We know, i* = —1,i3 =—i,i* = 1, etc.

(1 +i)n:C0+iC1 —Cp—iczt+tcg+ ...

= (1+i)"=(co—cptcg—...)FTi(c;—c3+Cs—...) eeens (i)
Modulus r = /12 + 12 = /2 and argument 0 = tan ' (1) = 2
o 1+i=+/2(cos Z +isin %)

Applying De Moivre's Theorem:

(1+1)" = (v/2)" (cos ZF +isin ZF) = 22 cos 2F +i2? sin 2F ......(Ji)
Comparing equations (i) and (ii) and equating real and imaginary parts:
Real part: ¢y — ¢, + ¢4 — -+ =22 cos (%) (Proved)

Imaginary part: ¢; —c3 +c¢s — -~ = 27 sin (%) (Proved)

Given equation: 1z — (4 + 3i)l =

This represents a circle on the Argand plane with centre C(4, 3) and radius R = 2.

The distance from any point z on the circle to the origin O(0, 0) is Izl.

By geometric property, if d is the distance from the centre of the circle to the origin,

Maximum distance =d + R

Minimum distance = Id — Rl

Distance from the centre C(4, 3) to the origin O(0, 0),
d=0C=v4+32=,/16+9=425=5

.". Maximum distance from the origin to a point on the circle =5 +2 = 7 units

and minimum distance = 5 — 2 = 3 units.



25.

26.

27.

Given,x+1 =2cos6

= ’% =2cos0

= x> —2xcosO+1=0

This is a quadratic equation in x. Solving it:

_ (208 0)+4/(~2 cos 0)2—4(1)(1)
x= 2(1)

= 2°°SGiV24°°SZ 04 = cos 0 + y/—(1 — cos? 0) = cos O + v/—sin’ O = cos O £ isin O
Let,x =cos0 +isin0

(If we take the negative sign, the proof works out the same way).
Applying De Moivre's Theorem:

x" =(cos0 +isin0)* = cosnO +isinn ...... (i)

and X—ln =x " =(cos0 +isin0)™ = cos(—n0O) +1isin(—n0O)
= % =cosnf —isinnd ...... (ii)

Adding (i) and (ii):

x" + Xin = (cosnBO +isinnO) + (cosnb —isinnoO)
=2cosnO (Proved)

Z177Z2

A complex number w is purely imaginary if and only if w = —w.

Given, Iz = 1 = |Z1|2= l=z1z1=1=2z = %

Similarly, 1z;/ =1 =z, = L

z2

Now we find the conjugate of w:

V_V — <z]+zz> — z_]+z_2

717 7) 7172y
- 141 2t7) S
— Zl 72 _— _Z2172) — 1 2
TVTITL T 24 T
B ] 212
- - _ Z1+Z2
=W <Z1_Z2
=Ww=—w
. - -+ . . .
Since w = —w, therefore 2=2 is a purely imaginary number. (Proved
s 7Z1—22
Letz =x+1y
. . .| xHY=3 |
Given equation: {755 =2

= |(x —3) +iyl = 2I(x + 3) + iyl

= (x—3)* +y> =4[(x+3)* +y°]

= x> - 6x+9+y?=4(x>+6x+9+y?)

= x? — 6x+ 9 +y? = 4x* + 24x + 36 + 4y*?

= 3x° +3y? +30x+27=0

=x>+y2+10x+9=0

This is of the general form of a circle x> +y? + 2gx + 2fy + ¢ = 0. (Proved)
y

R=4
C(-5,0)

.

Centre (—g,—f) = (-5,0)
Radius R = /g2 +f2 —c = /(=52 + 02— 9 = /25 -9 = /16 = 4 units.
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29.

30.

Let the complex number be z = r(cos 0 +isin 0)

. ]
Given, 6 = 7

.‘.z=r(cos%+isin%) = % \Lf
Given, Iz — 61 = 34/2
- ‘(L—6>+1L2 =342

= (3-9) () -
:ﬁ—6ﬁr+36+%
=12 -6/2r+18=0
= (r—3v2)?=0
=1 =232

Now putting the value of r into z:

7= 22 432 =343,

V2 V2
_ x*—2xt4
Let Y = X4

= y(x*+2x+4)=x>—-2x+4

= yx’>+2yx+4y —x>+2x—-4=0

= (y-Dx*+2(y+ Dx+4(y—1)=0.... (i)

Since x is real, considering equation (i) as a quadratic in x, its discriminant D > 0.
D=b>—-4ac>0

= 2y + D} —4(y - D{4y -1} =20

=4y +1 —16(y —1)>* >0

= (y+ 1) —4@y—1>>0

= (y+ 1)’ -2y - D}*20

= {y+D-Qy -2+ +Q2y-2);} 20

= B3-y)3y—1)=>0

= (y—3)3y—1)<0

By the rule of inequalities, the solution is: % <y<3
.". The value of f(x) lies between % and 3. (Shown)

The given points are: A(z), B(iz) and C(z +iz).

Now, we find the lengths of the sides of the triangle:

AB =1z —izl = 1z(1 — i)l = Izl - /12 4+ (—1)2 = 2zl

BC =liz — (z +iz)l =1 —zl = Izl

CA=I(z+iz)—zl=lizl =il -1zl =1 - Izl = Izl

Here, BC = CA = 1zl

So, the triangle is isosceles.

Also, considering the squares of the sides:

BC2+CA2 = 121> + 1z = 2iz/?

AB? = (v21z1)? = 21z?

That is, BC? + CA? = AB?, which supports the Pythagorean theorem.

So, ABC is a right triangle with £C = 90°.

.. ABC is an isosceles right triangle. (Proved)

Area of a right triangle = % x base x height

=>A=%><BC XCAZ%X|Z|X|Z|=%IZ|2

According to the question, the area of the triangle is 18 square units.
11717 = 18

= 1zI> = 36

=> |z| = 6 (since the modulus is always non-negative)

Given, the argument of z, 0 = ¥

Using polar form we can write:

z = 1zl(cos O +isin 0)

=z =6 (cos £ +isin ¥)

=7z=06 (? + 1%)

= 7 =33 +3i.



31. Given equation: x> +2x>—3x+4=0
Since the roots of the equation are o, {3, v, the sum of the roots:
oa=a+p+y=-2
Expressing the roots of the required equation using the variable y,

Y=y

We know, § +y=-2—«

LY = o

Now we express o in terms of y:
y(—2—-a)=a

= 2y —ay =a

= o+tay =2y

= ol +y)=""2y
-2y

Since o is a root of the original equation, it satisfies x> +2x> —3x +4 = 0.
That is, putting x = _2731' into the equation:
y

(—2¥)3+2 (—2¥)2—3 (—ZX) +4=0

y+1 y+1 y+1

Multiplying both sides by (y + 1)3:

=8y’ +2(4yH)(y + )= 3(2y)(y + 1)* +4(y + 1)’ =0

= -8y’ +8y3(y+ D+ 6y(y+1)>+4(y +1) =0

= -8y} + 8y} +8y? + 6y(y? +2y + )+ 4(y> +3y*>+3y+1)=0
= 8y2 +6y° + 12y2 + 6y +4y> + 12y* + 12y +4 =0

= (6+4)y’ +(8+12+12)y*>+(6+12)y+4=0

= 10y3+32y2+ 18y +4=0

53+ 16x2+9x+2=0.

32. Let the common root of the two equations be a
Then,
a0’ +bo+c=0..(i)
ba? +ca+a =0 .....(ii)

Solving by the cross-multiplication method:
2

o — o — 1
ab—c>  bc-a?  ca—b?
From this we get:
bc—a? 2 _ ab—c?

o= ca—b? and o ca—b?
Squaring the first relation and equating it with the second:
(bc—a2 )2 _ ab—¢?

ca—b? ca—b?
= (bc — a?)? = (ab — c?)(ca— b?)
= b2c? —2a’bc +a* = a’bc —ab’ —ac® + b?c?
= a*+ab’ +ac’ —3a’bc=0
Assuming a =0 and dividing by a:
a’+b’>+c>—3abc=0
= (a+b+c)a?+b’>+c?—ab—bc—ca)=0
Eithera+b+c=0
Or,a’+b’>+c?—ab—bc—ca=0
= {(a—b)*+(b-c)*+(c—a)’} =0
which is possible only when a = b = c. (Proved)




33. Given equation x> +2x> +3x+4 =0
From the relations between the roots of the equation:
>Yoa=atpty=-2
d.af=af+By+ya=3
afy =—4
We know, > o? = (- a)* -2 af
=(-2)>-23)=4-6=-2
By the algebraic identity, we know,
o’ +p* +y° =3afy = (a+ B +y) o’ + B2 +yP —ap — By —vya)
= > =3afy = )X o — > ap)
Substituting values:
o’ =3(-4) = (-2)(2-3)
= Y o} +12=(-2)(-5)
=Y o} +12=10
=Y ad=10-12=-2
S) ol =2,

34. Since the roots are in the ratio m : n, let the roots of the equation be ma and no

Sum of roots:

-b
a

mo +no =

:a(m+n)=—§

_ _-b .
= 0 = m ...... (l)
Product of roots:
(ma)(na) = £
= mno’ = = e (ii)
Putting the value of o from (i) into (ii):
2
~b _
mn <a,(m+n)) o g
mnb>  _ ¢
a’(m-+n)? a

.. mnb? = ac(m + n)* (Proved)

35. Since the three roots of the cubic equation are in arithmetic progression (A.P),
let the three roots be: a—d,a,a+d
Sum of the roots:
(a—d)+a+(a+d)=-12
= 3a =12
=a=4
Since a = 4 is a root of the equation, it satisfies it.
Putting 4 in place of x:
(4 —12(42?+39(4)+k =0
= 64—-12(16)+ 156 +k =0
= 64—-192+156+k =0
=28+k=0=k=-28
Now, from the sum of products of roots taken two at a time:
(a—d)a+a(a+d)+(a-d)a+d) =2
—a’—ad+a’+ad+a’—d*>=39

= 3a?—-d?=39
Putting a = 4:
3(4)>—d*>=39

= 3(16)—d? =39
= 48 —-d*> =39

= d>=48-39=9
=d=4=3

Whether d is positive or negative, the roots are the same.
For d = 3, the roots are:

4-3,4,4+3

Thatis, 1,4,7

.". The value of k is —28 and the required roots are: 1,4,7.



. We know that, in an equation with real coefficients, complex roots always occur in conjugate

pairs.

Since one root of the equation is 2 — iﬁ, another root must be 2 +iy/3.
Let the third root of the cubic equation be o.

According to the question, sum of roots = 5

S 2-1V3)+2+1V3)+a=5

=4+a=5

=aoa=1

So the three roots of the equation are: 1,2 — iv/3 and 2 +iV/3.
Quadratic factor formed by the complex conjugate roots:

x? — (sum of roots)x + (product of roots) = 0

= x> - (4)x+ 2>+ (/3)?) =0

=x*—4x+7=0

The factor for the root oo = 1is (x— 1).

.". The complete cubic equation will be:
x—-DE>—4x+7)=0

=3 —4x2+7x—x*+4x—-7=0

=x3-5x2+11x—7=0.

. Given, the roots of x> —3x+5 =0 are o, 3
satPp=3andof =5

Let the first root of the new equation be r;:

1 = o2 +B% = (a+p)—20p
=32-2(5=9-10=-1

Let the second root of the new equation be r;:
I‘2=(172+ﬁ72= %—i—i _ owip?

ﬁz - 0(2[32
= -1 __1
@py ~ 32 25
Sum of roots of the new equation:
_ 1 _ 1 __26
S =TI +I'2 =—1] 75 55
Product of roots of the new equation:
= o =(—1)- (—L) = 1
P=r 1= (3%) =53
Required equation: x> —Sx+P =0
2 (_26 L
= x> = (-53) x+ 35 =
2,26 L _
= 25x> +26x+ 1 = 0.



. Given equation: px>+qx+1r=0
With roots a, b:
Sum of roots, a +b =—

Product of roots, ab =
Let the roots of the new equation be A =a>+aand B =b’+b
Sum of the new roots:
A+B=(a?+b?)+(a+b)=(atb)’—2ab+(at+b)
- (_g)z _7 (L) + (—ﬂ) —¢ 2z _a_d2mpg

P P P P P P P
Product of the new roots:
AB = (a’ + a)(b’> + b) = a’b? + a’b +ab? + ab

= (ab)? +ab(a+b) +ab = (§)2+§ (—%) +1

TIm oo

_qr N rz—qr+pr
P D P’
.. Required equation: x> — (A + B)x + AB =0

2 2
—pq—2pr r°—qr+pr
:X2_<q p§p>x+ gp:O

= p’x?> —(q> —pq —2pr)x + (r> —qr + pr) =0

Finding the ratio of discriminants:

For an equation of the form Ax? + Bx + C = 0 with roots r|, >, the discriminant A = B2 —4AC =
Az(rl - 1'2)2.

For the given equation, Ay = p*>(a —b)?

For the new equation (whose leading coefficient is p?), A, = (p?)?(A —B)? = p*(A — B)?

o DAnew _— p4(A7B)2 — 2. (A,B)Z
" Ao p’(a—b)’ (a—b)

Now, A—B =(a’+a)—(b*+b)=(a’~b*)+(a—b)=(a—b)a+b+1)

_ 2
e =(atb+ 1)
éﬁ: =pla+b+1)?

Sincea+b=—%,wehavea+b+lZI—%

p—q
p

2
G = p? - (L = (p—q).



39. Let the three roots of the equation be o, o and [ (since two roots are equal).

40.

Sum of roots: o+ o+ =—3p = P = —3p — 20 ......(i)

Sum of products of roots taken two at a time: o.- o + off + aff = 3q = o +2af = 3q

Product of roots: o.- 0. - f = —1 = o?f = T ......(iii)
Putting the value of § from (i) into (ii):

a? +2a(-3p —2a) = 3q

= o — 6pa — 40’ = 3q

= —302 — 6pa = 3q

= 02 +2pa+q =0 ......(iv)

Also, putting the value of 3 from (i) into (iii):
o’(-3p—20)=-1

= —3pa’ —20° =-r

=203 +3pa’ =1

From (iv) we know, 0> = —2pa. — q. So o = a(—2pa — q) = —2pa? — qa
Substituting these values:

2(—2po? —qa)+3po? =r

= —4pa’ —2qa +3pa’ =r

= —po’ —2qa =T

Substituting o = —2pa. — q again:
—p(—2pa—q)—2qo=r

= 2p’a+pq—2qa=r

= 2(p* —q)a=r—pq

= Q= % ...... v)

Since o is a root of equation (iv), putting the value from (v) into (iv):

2
_Ipg_ _Ipgq_ =

<2(p2—q)> +2p (2(p2—q)) tq=0

= (r—pq)’ +4p(r — pa)(p’ — @) +4q(p’ — @)’ =0

This is the required condition.

The roots of the given equation are x = o, 3,y

Expressing the roots of the required equation using the variable y,
1+x

D
Now we express x in terms of y:
y(l—-x)=1+x

=y-yx=1+x

=xtyx=y—1

=x(y+1)=y—-1
—yl

3X—m

Since x is a root of the original equation, it satisfies x> —x— 1 =0.
Putting x = % into the equation:
y

3
(57) - (1) 10
=@y -@G-Dy+1’-F+1)*=0
=’ =3y 3y - D-(y - DE*+2y + D - +3y* +3y + 1) =0

= -3y A3y - D=2y ry -y 2y -~ D (P 3y 3y + 1) =0

=y -3y’ +3y—1-y —y*+y+1-y =3y’ =3y -1=0
= -y ~Ty’+y—1=0

=y’ +7y*—y+1=0

Replacing y with x, the required equation is:

x> +7x>—x+1=0.

Chemistry

41.

CaCO3 +2HCI — CaCl, + H,O + CO

n(CO,y) = % =0.0750 mol

HCI consumed by CaCO; =2 x 0.0750 = 0.150 mol
Total HCI supplied = 0.100 x 2.0 = 0.200 mol
Excess HC1 = 0.200 — 0.150 = 0.0500 mol

V (NaOH) = 2950 = 0.0500 L = 50.0 mL

200 marks



42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

n(H") =2 x(0.100 x 0.15) +(0.050 x 0.2) = 0.0300 + 0.0100 = 0.0400 mol

n(OH™) =2 x(0.100 x 0.2) = 0.0400 mol

Since the moles of H" and OH ™ are equal (0.0400 mol), the acid and base are exactly neutralized.
Removing the BaSO, precipitate does not affect this balance, since Ba>" and SO?{ acted as
spectator ions.

Since the final solution is exactly neutralized, pH = 7.00.

The molarity of the original concentrated solution is S| = W =6.0M
From the dilution formula, V, x 6.0 =500 x 0.1 = V; =8.33mL

Concentration of the diluted solution: ppm = 0.1 M X 40 gmolf1 x 1000 = 4000 ppm

Principle: In acidic medium, KMnQj, acts as a strong oxidizing agent and oxidizes F ¢*>* to F e**.
KMnOy; itself acts as a self-indicator.

Oxidation half-reaction: 5 x (Fe?" — Fe’' +e")

Reduction half-reaction: MnO, + 8H"* + 5¢- — Mn?" +4H,0

Overall equation: MnO, + 5Fe*" + 8H'" — Mn?" + 5F *" + 4H,0

. — 10x15x1.10 _
Molarity, M = ——— = 1.684 M

In 100 g of solution, mass of solute = 15 g, mass of solvent = 85 g = 0.085 kg
Moles of solute = % = 0.153 mol

. _ 0153 _
Molality, m = g5== = 1.80m

Cr 0% +6Fe*' + 14H'" — 2Cr>" + 6F " + TH,0

n(K,Cr,07) = 0.120 x 0.02 = 2.40 x 107> mol

Since 1 mol Cr,03” = 6 mol Fe?", n(FeCO3) = 6 x 2.40 x 1073 = 0.0144 mol
Mass of pure FeCO; =0.0144 x 115.85 =1.668 g

Percentage purity = 15 x 100 = 83.40%

Total moles of H" =2 x (0.100 x 0.2) +(0.200 x 0.1) = 0.0400 + 0.0200 = 0.0600 mol

The required final total volume is V, = % =1.200L = 1200 mL

Initial total volume = 100 + 200 = 300 mL
Additional water to be added = 1200 — 300 = 900 mL

2MnOj + 10I" + 16H" — 2Mn?" + 51, + 8H,0, I, + 25,03 — 21" + S,0%"

n(KMnO,) = 0.050 x 0.02 = 1.00 x 107 mol

From the equivalence relation, 2 mol KMnO, = 5molI, = 10 molNa,;S,03, i.e. 1 molKMnO, =
5molNayS,03

n(NaxS;03) =5x%1.00 x 107 =5.00 x 10> mol

V (NasS,03) = 300102 — 3 0500 L = 50.0 mL
0.1

n(H Cl)yra = 0.050 x 0.20 = 0.0100 mol

(H C1)yeese = 0.0164 % 0.15 = 2.46 x 1073 mol

HCI1 consumed by Mg(OH), = 0.0100 —2.46 x 107> = 7.54 x 1073 mol
Mg(OH), + 2HCl — MgCl + 2H,0

n(Mg(OH),) = L3810 — 3 77 x 1073 mol

m(Mg(OH),) =3.77 x 1073 x 58.32 = 0.220¢g

Percentage purity = % x 100 = 44.0%

n(H") =2 x(0.025 x 0.10) = 5.0 x 1073 mol

n(OH™) = (0.035 x0.12) +2 x (0.010 x 0.05) = 4.2 x 10> + 1.0 x 1073 = 5.2 x 107> mol
Removing the BaSO, precipitate does not affect the total amounts of H" and OH ", since Ba>*
and SO are spectator ions here.

Excess OH =5.2x 1072 —5.0x 1073 =2.0 x 10~* mol

_ <1074 _
[OH ] =20 =20x10"M
pOH = —log(2.0 x 1073) = 2.70

pH=14-2.70=11.30

2Cu*" +41" — 2Cul +1,, 1, +28,03” — 21" +S4,0%

n(NaxS,03) = 0.03240 x 0.100 = 3.24 x 10> mol

From the overall stoichiometry, 1 mol Cu?* = 1 molNa,S,03, so n(Cu) = 3.24 x 10~ mol
m(Cu) =324 %1073 x63.55=0.2059¢g

Percentage = 2232 x 100 = 10.30%




52.

53.

54.

5sS.

56.

57.

S8.

59.

The molarity of the concentrated acid is S; = 1108142 = 1577 M
From the dilution formula V,S; =V,S,, V; x 15.77=2.50 x 0.10

— 0250 _ =
V) =920 - 0.01585L = 15.85mL

Concentration of the diluted solution: ppm = 0.10M X 63.01 gmol_1 X 1000 = 6301 ppm

The volume absorbed by KOH is the volume of CO2, V (CO;) = 60.0 —30.0 = 30.0 mL

__V(C0) _ 300 _
For CxHy7 X = V (hydrocarbon) 10.0 3

Volume contraction = (10.0 +75.0) — 60.0 = 25.0 mL

From C,H, + (x+¥) O, — xCO, + $H,0, contraction = V (hydrocarbon) (1 + ¥)
10(1+3)=25=>1+¥=25=y=6

The molecular formula is C;Hg (propene).

n(HCl)pa = 0.0400 x 0.50 = 0.0200 mol

n(HCl)excess = 0.0280 x 0.20 = 5.6 x 10> mol

HCl reacted = 0.0200 — 5.6 x 107> = 0.0144 mol

M,CO; +2HCl — 2MCl1 +H,0 + CO,

Il(MzCO3) = 0()2& =7.2x 1073 mol

Molar mass M(M,CO;) = —L%- = 138.89 gmol '

2M +12+48 = 138.89 = 2M =78.89 = M = 39.45 gmol_l; the metal is potassium (K).

Milliequivalents of H,SO,4, mEq = 50.0 x 0.20 x 2 = 20.0 mEq

Milliequivalents of NaOH, mEq = 24.0 x 0.25 x 1 = 6.0 mEq

Acid consumed by NH; =20.0 - 6.0 = 14.0mEq

Using the equivalent mass of nitrogen 14 gmol™' (one N atom reacts with one H"),

%N = 140:0.014 » 100 = 24.5%

The HCI used in the methyl orange stage equals the original Na, CO; amount, so n(Na,CO;) =
0.10 x 0.006 = 6.0 x 10~* mol

In the phenolphthalein stage, n(NaOH) + n(Na,CO3) = 0.10 x 0.018 = 1.8 x 10> mol
n(NaOH)=1.8x1073-6.0x10*= 1.2 x 107> mol

In 250 mL (10x scale-up), W (Na,CO3) = (6.0 x 107* x 10) x 106 = 0.636 g

W (NaOH)=(1.2x1073x10)x40=0.480g

Balanced equation: Cr,02™ + 6F e?" + 14H" — 2Cr*" + 6F &*" + 7TH,0
n(K,Cr,07) = 0.040 x 0.05 = 2.0 x 10> mol

n(FeSO, - 7TH,0) =6 x2.0 x 1073 = 0.0120 mol

m(FeSO, - 7H,0) = 0.0120 x 278.01 =3.336 ¢

n(H,) = 2% = 2.480 mol, n(0,) = 320 = 1.250 mol
2H, + O, — 2H,0; fully consuming 1.250 mol O, would need 2.50 mol H,

The given H; (2.480 mol) is less than this requirement, so H, is the limiting reactant.
H,O produced = 2.480 mol x 18.016 gmol ' =44.68 g

O, used = %80 = 1.240 mol, remaining O, = 1.250 — 1.240 = 0.010 mol

STP volume of remaining O, = 0.010 x 22.4 =0.224L

The F e’ -equivalent oxidizing capacity of K,Cr,0; is n =6 x (0.050 x 0.04) = 0.0120 mol

The F e?*-equivalent oxidizing capacity of KMnQOy, is n = 5 x (0.030 x 0.10) = 0.0150 mol

Total oxidizing capacity = 0.0120 + 0.0150 = 0.0270 mol of F e**-equivalents.

But the total F e** available is = 0.100 x 0.20 = 0.0200 mol, which is less than the oxidizing
capacity.

So the reductant (F e**) is completely used up, while some oxidizer (Cr,03 or MnO;) remains
unreacted.

Since no reductant remains in the solution (all F e>* has been oxidized to F e*"), no oxalic acid is
needed to 'oxidize the remaining reductant.'

Oxalic acid is itself a reductant; two reductants do not react with each other.

The mass of oxalic acid required = 0 g.



60. The gas absorbed by pyrogallol is the unreacted O, V (O5)excess = 85 — 75 = 10mL
O, used =50—-10=40mL
From 2CO + O; — 2C0,, V (CO) =2 x40 = 80mL
Since the original mixture was only 100 mL, if CO = 80 mL, the remaining CO, and N, together
total 20 mL.
Total CO, absorbed by KOH = 135 — 85 = 50 mL, which is less than the 80 mL expected from CO
oxidation alone.
This discrepancy arises because some CO, was partially liquefied/dissolved during cooling and
escaped measurement.
The remaining 20 mL (original CO, and N,) is taken to be split evenly.
Composition of the original mixture: CO = 80mL, CO, = 10mL, N, = 10 mL.



