S/ unnemsS

Name (please print):
- Signature:
Student number:

FACULTY OF PURE AND APPLIED SCIENCE
YORK UNIVERSITY
DEPARTNIENT OF PHYSICS AND ASTRONOMY

PHYS 1420 06 — Physics with Applications to Life Sciences
F/W 2009-2010

Final examination

Instructions:

1. Print your name and student number on this page in the upper left comer.
2. Check that your exarn contains 7 questions.
3. The total number of marks is 84. -
" 4. Calculators are allowed as aid.
5. Answer all questions in the space provided on this test paper.
6. Formulae are provided on the last page of this paper.




1. (24 marks, 2 marks for each question).

Answer the following twelve multiple-choice questions. Circle the correct answer in the answer
table provided below.
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b. If three unequal capacitors are connected in series across a battery, which of the following
statements is true?

1. The equivalent capacitance is greater than any of the individual capacitances.
he largest voltage appears across the capacifor with the smallest capacitance.

3. The capacitor with the largest capacitance has the greatest charge.

4. The capacitor with the smallest capacitance has the smallest charge.

5. None of the statements is true.



" c. A constant current [ is passed through the straight wire shown below. In which direction should

a rectangular metal loop be pulled so that the induced current in it is clockwise?
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d. A negatively charged particle has velocity perpendicular to the page, into the page, when a
magnetic field (perpendicular to velocity) is switched on at the location of the particle. The
magnetic force on the particie is to the left of the page. The direction of the magnetic filed is
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5. the force is zero
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e. A proton (g = ¢, m = u) and an alpha particle (q = 2e, m = 4u) with the same kinetic energy |
enter a region of uniform magnetic field B, moving perpendicular to B. The ratio of the radji of
their circular paths, rp/r, , is
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f. Two fields, electric and magnetic, are applied in the same region of space. The electric field is in
the positive direction of the x-axis, while the magnetic field is in the positive direction of the y-
axis. An eleciron can move in a straight line in these two mutually perpendicular fields if its
velocity (of an appropriate magnitude) is '

@in the positive direction of the z -axis
2. in the negative direction of the z -axis
3. in the negative direction of the x -axis
4. in the positive direction of the y -axis
5. in any direction in the xz plane.

g. What happens to a light wave when it travels from air into glass?

1. Its speed remains the same.

2. Its speed increases.

3. s wavelength decreases

4. Its wavelength remains the same.
5. Its frequency decreases.



h. Unlike transvetse waves, longitudinal waves cannot

1. interfere.
2. diffract.
3. be reflceted.

@be polarized.
. produce beais.
i. Some materials are optically active. [t means that these materials;

1. absorb light completely.
2. absorb only electric field (but not the magnetic ﬁeld) of the electromagnetic wave.

rotate the plane of polanzatlon of the wave.

4, polarize light,
5. refract light.

j- A student sits in the park measuring sound intensity levels when one radio is playing alone and
when two identical radios are playing together (tuned to the same station). By how many dBs is the
intensity level larger when both radms are playing together as compared to the case when one

radio is on?
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k. A double slit is illuminated by light emitted by hydrogen gas contained in a discharge tube. The
pattern of colour fringes observed on the screen (taking as a reference the zero order fringe) is

1. red, green, blue, violet
2. violet, red, green, blue
3. green, red, blue, violet
4, blue, red, violet, green
@iolet, blue, green, red

1. When the nucleus of Kr-95 (Z = 36) undergoes beta decay, does the daughter nucleus (Rb)
contains

@5 8 neutrons and 37 protons 9 rK ) qjx + °€
2. 58 protons and 37 neuirons 26~ 2 |
3. 54 neutrons and 41 protons
4. 59 neutrons and 36 protons
5. 55 neutrons and 40 protons.



© 2. (10 marks).

a. Calculate the electric potential established by the nucleus of a hydrogen atom at the average
distance of the circulating electron (r = 5.29x10™" m).

b. What is the electric potential energy of the hydrogen atom (in J and in ¢V)?

c. Show that the kinetic energy of the hydrogen atom 1s KE = ke®/2r, where k is the Coulomb’s
constant and ¢ is the elementary charge e = 1 6x10°"7

d. What is the total energy (in eV) of the hydrogen atom?
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3. (10 marks).

For the circuit shown below calculate:

a. the current in all three branches ‘in the circuit.

b. the potential difference between points A and B.

¢. the amount of energy released in 4 Q resistor.
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4. (10 marks).

A neuron can be modeled as a as parallel plate capacitor, where the membranes serves as a e
dielectric (k = 3.0) and the oppositely charged ions are the charges on the “plates”, as shown :

below.
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a. Find the capacitance of neuron assuming that the
membrane is 10.0 nm thick and its area is 1.0x10™'% m?,
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b. How many jons (singly charged) are required to establish a potential difference of -70.0 mV
across this capacitor? .
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c. How much net positive charge must flow through the cell membrane (through ion channels) to
reach the excited state of +30 .0 mV (from the resting state of -70.0 mV)? How many singly

charged ions such as Na' is this charge equivalent to?
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d. If it takes 2.0 ms for the ions to enter the axon, what is the average current in the axon wall in
this process?
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5. (10 marks) ' !

A pair of speakers separated by 1.2 m are driven by the same signal generator at a frequency of
750 Hz. An observer originally positioned at one of the speakers begins to walk along a line

perpendicular to the line joining the speakers.

a. How far must the observer walk before reaching a maximum in sound intensity?
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'b. The observer stops at the position where the sound intensity is maximum, Then the frequency of
the sound is slowly increased. At what frequency will the observer hear sound of the minimum

intensity? S
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¢. Describe what the observer hears when the two speakers are driven by two different signal
generators at frequencies 750 Hz and 755 Hz.
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6. (10 marks).

Unpolarized red light is incident on a glass pla;e in the form of a rectangular prism at point A at
the Brewster angle of 61°.

a. Determine the index of refraction of the glas's plate.
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No=tlo & = qo-E = 29°

(oLl = g, cu 29"
l

|
b. What is the direction of the electric field in the reflected ray of light? Explain.
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¢. Is the Brewster angle for red light the same as for green light? Explain.
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d. If the reﬁ‘acted ray of light falls on the side of the prism at point B, will it undergo a total
internal reflection? Show calculations. .
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7. (10 marks).

A patient swallows a drug containing phosphorus-32 (A = 32, Z=15), which is an electron emitter
with half-life of 14.3 days. The initial activity ofthe sample is 1.31 x10° Bq. The kinetic energy of

the emitted electron is 700 keV. !
a. Determine the activity after 10-day period. |
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b. What was the initial number of phosporus-32 in the sample?
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c. Determme the number of electrons emitted in a 10-day period.
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d. What is the total energy absorbed by the patient?
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e. What is the dose (in rads and-in-rems) if the mass of the patient is 70.0 kg.
c . o(T
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THE END.
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