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Answer all the questions.

The region bounded by the x-axis, the curve y = V2x® —15x> +36x—20 and the lines x = 1 and
x = 4 is rotated through 27 radians about the x-axis to form a uniform solid of revolution R.
The centre of mass of R is the point G (see diagram).

y
A
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(a) Explain why the y-coordinate of G is 0. 1]
(b) Find the x-coordinate of G. [4]

P is a point on the edge of the curved surface of R where x = 4. R is freely suspended from P and
hangs in equilibrium.

(¢) Find the angle between the axis of symmetry of R and the vertical. [3]

A solenoid is a device formed by winding a wire tightly around a hollow cylinder so that the wire
forms (approximately) circular loops along the cylinder (see diagram).

When the wire carries an electrical current a magnetic field is created inside the solenoid which can
cause a particle which is moving inside the solenoid to accelerate.

A student is carrying out experiments on particles moving inside solenoids. His professor
suggests that, for a particle of mass m moving with speed v inside a solenoid of length /4, the
acceleration a of the particle can be modelled by a relationship of the form a = km®vPh", where k
is a constant. The professor tells the student that [k] = MLT .

(a) Use dimensional analysis to find a, B and . [6]
(b) The mass of an electron is 9.11 x 10~>' kg and the mass of a proton is 1.67 x 10~ *" kg.

For an electron and a proton moving inside the same solenoid with the same speed, use the
model to find the ratio of the acceleration of the electron to the acceleration of the proton. [3]

(¢) The professor tells the student that a also depends on the number of turns or loops of wire, N,
that the solenoid has.

Explain why dimensional analysis cannot be used to determine the dependence of @ on N. [1]
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3  Anparticle Q of mass mkg is acted on by a single force so that it moves with constant acceleration

1 2
a= <2>ms_2 . Initially Q is at the point O and is moving with velocity u = (_ 5)ms_l.

After O has been moving for 5 seconds it reaches the point 4.

(a) Use the equation v.v = u.u+2a.x to show that at 4 the kinetic energy of Q is 37m J. [5]
(b) (i) Show that the power initially generated by the force is —8m W. 2]
(ii) The power in part (b)(i) is negative. Explain what this means about the initial motion

of 0. 1]

(¢) (i) Find the time at which the power generated by the force is instantaneously zero. [3]
(ii) Find the minimum kinetic energy of Q in terms of m. 2]

4  Aright circular cone C of height 4m and base radius 3 m has its base fixed to a horizontal plane.
One end of a light elastic string of natural length 2 m and modulus of elasticity 32N is fixed to the
vertex of C. The other end of the string is attached to a particle P of mass 2.5kg.

P moves in a horizontal circle with constant speed and in contact with the smooth curved surface
of C. The extension of the string is 1.5m.

(a) Find the tension in the string. [2]

(b) Find the speed of P. 7]

5 Aparticle P of mass 4.5kg is free to move along the x-axis. In a model of the motion it is assumed
that P is acted on by two forces:

* aconstant force of magnitude /N in the positive x direction;

* aresistance to motion, RN, whose magnitude is proportional to the speed of P.

At time ¢ seconds the velocity of P is vins~'. When ¢ = 0, P is at the origin O and is moving in the
positive direction with speed ums ™', and when v =5, R = 2.

dv  10f —4v

(b) (i) By solving the differential equation in part (a), show that v = %<5f —(5/— 2u)e_4;45’). [S]

(a) Show that, according to the model

(ii) Describe briefly how, according to the model, the speed of P varies over time in each of
the following cases.

o u<25f
e u=25f
o u>25 3]

(¢) In the case where u = 2f, find in terms of f'the exact displacement of P from O when = 9.

4]
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6 Two particles 4 and B, of masses mkg and 1kg respectively, are connected by a light inextensible
string of length dm and placed at rest on a smooth horizontal plane a distance of %d m apart. B is
then projected horizontally with speed vms™" in a direction perpendicular to 4B.

(a) Show that, at the instant that the string becomes taut, the magnitude of the instantaneous

\/§I71V

impulse in the string, / N's, is given by / = A +m) (4]

(b) Find, in terms of m and v, the kinetic energy of B at the instant after the string becomes taut.
Give your answer as a single algebraic fraction. [3]

(¢) In the case where m is very large, describe, with justification, the approximate motion of B
after the string becomes taut. [2]

The flat surface of a smooth solid hemisphere of radius r is fixed to a horizontal plane on a planet
where the acceleration due to gravity is denoted by y. O is the centre of the flat surface of the
hemisphere.

A particle P is held at a point on the surface of the hemisphere such that the angle between OP and
the upward vertical through O is o, where coso = %.

P is then released from rest. F is the point on the plane where P first hits the plane (see diagram).
(a) Find an exact expression for the distance OF. [11]
The acceleration due to gravity on and near the surface of the planet Earth is roughly 67.

(b) Explain whether OF would increase, decrease or remain unchanged if the action were repeated
on the planet Earth. 1]
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