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GENERAL DIRECTIONS
1. DO NOT OPEN EXAM UNTIL TOLD TO DO SO.
2. You will be given 120 minutes to take this test.
2. All answers must be written on the answer sheet/Scantron form/Chatsworth card provided. If you are
using an answer sheet, be sure to use CAPITAL BLOCK PRINTED LETTERS.
3. If using a Scantron answer form, be sure to correctly denote the number of problems not attempted.
4. You may write anywhere on the test itself. You must write only answers on the answer sheet.
5. You may use additional scratch paper provided by the contest director.
6. All problems have ONE and ONLY ONE correct (BEST) answer. There is a penalty for all incorrect
answers.
7. On the back of this page is a copy of the periodic table of the elements as well as a list of some
potentially useful information in answering the questions. Other scientific relationships are listed
also.
8. The following is a list of UIL approved calculators for this test:
• Casio FX-260 Solar
• Sharp EL-501X
• TI-30Xa
Only the models listed above are allowed during the contest. NO GRAPHING CALCULATORS.
9. All problems answered correctly are worth SIX points. TWO points will be deducted for all
problems answered incorrectly. No points will be added or subtracted for problems not answered.
10. In case of ties, percent accuracy will be used as a tie breaker.
11. If a question is omitted, no points are given or subtracted.
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B01. Which of the following types of bonds
provides water with many of its unique
properties?
A) hydrogen bonds
B) peptide bonds
C) glycosidic bonds
D) ester bonds
E) phosphodiester bonds
B02. Plants store energy primarily as what
carbohydrate?
A) chitin
B) glycogen
C) cellulose
D) starch
E) glucose

B03. Which of the following is the site of
rRNA production?
A) nucleolus
B) cytosol
C) Golgi apparatus
D) smooth ER
E) rough ER
B04. Choose the correct statement regarding
enzymes.
A) they always require a cofactor
B) they operate in a very narrow pH range
C) they are consumed during a reaction
D) they are composed of
monosaccharides
E) they work on any substrate
B05. Glucose is labeled with a radioactive
isotope of carbon and followed through cellular
respiration. Where will a biologist be able to
detect this labeled carbon after cellular
respiration?
A) it will be found in the urine of the
organism
B) as part of the fats in adipose tissue
C) in the amino acids found in the cytosol
D) in the glycogen of the liver
E) in the air exhaled by the organism

Biology

B06. In the process of chemiosmosis which
enzyme do the hydrogen protons flow through
as they pass back through the cristae of the
mitochondria?
A) Na+-K+ pump
B) catalase
C) ATP Synthase
D) DNA polymerase
E) peripheral protein
B07. Where does the oxygen we breathe come
from?
A) CO2 fixed by plants in the Calvin cycle
B) released by anaerobic respiration
C) the oxygen is released by the
mitochondria
D) from the water used by plants during
the light dependent reactions
E) oxygen is released from the
carbohydrates produced during
photosynthesis
B08. Where would a biologist expect to find the
process of transcription occurring?
A) nucleus
B) lysosome
C) ribosome
D) cytoplasm
E) rough ER
B09. What is the maximum number of amino
acids that could be found in a protein encoded
by 30 nucleotides?
A) 3
B) 10
C) 15
D) 20
B10. During which phase of the cell cycle
would you expect crossing-over to occur?
A) cytokinesis
B) S
C) G2
D) G1
E) mitosis
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Biology

B11. An ancient turtle species has the following
genotype AaBbCc. What is the probability of
producing a baby that is aabbcc if crossed with a
turtle that has an identical genotype?
A) 1
B) 1/4
C) 1/8
D) 1/2
E) 1/3

B15. Which of the following ecosystems would
a biologist expect to find a carnivorous plant?
A) tundra
B) a nutrient-laden tropical rainforest
canopy
C) arid desert
D) nitrogen-poor swamp
E) a temperate grassland

B12. What does a biologist mean when she says
that two traits are linked?
A) the genes for the traits are on the X
chromosome
B) the genes for the traits are on the Y
chromosome
C) the genes for the traits are on the same
chromosome
D) the gamete produced has undergone
nondisjunction
E) the original gene has moved as a
transposon to a new location in the genome
while also remaining in the original location

B16. Which chamber of the heart pumps blood
to the lungs?
A) right atrium
B) right ventricle
C) left ventricle
D) left atrium
E) pulmonary vein

B13. Grasshoppers and spiders are classified as
arthropods because they share which
characteristics below?
A) chitinous exoskeleton, wings and
jointed legs
B) segmented bodies, a chitinous
exoskeleton and wings
C) chitinouse exoskeleton, closed
circulatory system and segmented bodies
D) open circulatory system, jointed
appendages and segmented bodies
E) three body segments, jointed legs and a
chitinous exoskeleton

B14. Which of the following was discovered by
Griffith using pneumococcus bacteria?
A) transposons
B) nondisjunction
C) transduction
D) conjugation
E) transformation

B17. More dry adapted species have nephrons
with which characteristic?
A) more aquaporins
B) longer collecting duct
C) longer loop of Henle
D) a larger glomerulus
E) a smaller glomerulus

B18. The flow of which ion below occurs
during repolarization of an action potential?
A) nitrogen ions
B) sodium ions
C) potassium ions
D) calcium ions
E) chloride ions

B19. Which of the following parts of the brain
helps control involuntary actions such as
breathing, swallowing and heartbeat?
A) hypothalamus
B) thalamus
C) cerebellum
D) medulla
E) cerebrum
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B20. Choose the extraembryonic membrane
that stores nitrogenous waste.
A) amnion
B) allantois
C) chorion
D) yolk sac
E) shell

Biology
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C01. Arrange the following elements in order of
increasing atomic radius
Si, S, K, Ca, Rb
A)
B)
C)
D)
E)

Ca < Rb < K < Si < S
Si < S < K < Ca < Rb
Rb < Ca < K < S < Si
S < Si < Ca < K < Rb
Rb < Ca < K < S < Si

C02. When placed in a Bunsen burner flame, which
of the following ions would produce a green
color?
A) Li+
B) Rb+
C) Na+
D) Cu2+
E) Ca2+
C03. Jennifer dissolves some solid Cu(NO3)2 into
water to make 250.0 mL of solution. The
absorbance of the solution she made is
determined to be 0.13. Using the graph below,
determine the mass of Cu(NO3)2 Jennifer use
to make her solution.

A)
B)
C)
D)
E)

1.6 g
0.61 g
0.89 g
3.4 g
5.9 g

Chemistry

C04. A flask has a solution containing one
unidentified cation. When a small amount of
dilute HCl is added to the flask, a white
precipitate is observed. Which of the
following ions could be in the flask?
Na+
Ag+
Ca2+
Pb2+
A)
B)
C)
D)
E)

Ag+ or Pb2+
only Ag+
Na+ or Pb2+
Pb2+ or Ca2+
only Ca2+

C05. Quartz, SiO2 has a much higher melting point
(MP = 1700 °C) than dry ice, CO2
(MP = −60 °C). What is the best explanation
for this difference?
A) The Si and O atoms in quartz are held
together by covalent bonds while CO2
molecules are held together by dispersion
forces.
B) SiO2 have many more electrons than CO2
so it has much stronger dispersion forces
than CO2.
C) Quartz is an ionic solid while dry ice is a
molecular solid. The cation/ion attraction
between quartz is much stronger than the
dispersion forces between dry ice.
D) SiO2 molecules are polar while CO2
molecules are non-polar. The dipole
attraction between SiO2 molecules are
much stronger than the attraction between
CO2 molecules.
E) Silicon has a larger molar mass than
carbon. The greater molar mass causes
SiO2 to have a higher melting point than
CO2.
C06. What is the percent by mass of nitrogen in
lead (II) nitrate?
A) 3.0 %
B) 6.1 %
C) 8.4 %
D) 14 %
E) 22 %
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C07. The density of CH4 gas at a certain
temperature and pressure is 1.4 g/L. What is
the density of N2 has under the same
conditions?
A) 1.8 g/L
B) 2.5 g/L
C) 3.1 g/L
D) 3.8 g/L
E) 4.3 g/L
C08. Which of the following best represents the
species present in a 0.10 M solution of HF?
(Water is omitted in the diagrams)
A)

Chemistry

C09. What is the theoretical yield of NH3 when 13.5
grams of H2 reacts with an excess of N2?
N2(g) + 3 H2(g) → 2 NH3(g)
A) 9.0 g
B) 22.4 g
C) 76.5 g
D) 82.8 g
E) 90.4 g
C10. The bond angle in
molecule of ozone
closest to _____.
A) 60°
B) 90°
C) 120°
D) 109.5°
E) 180°

a
is

C11. What is the pH of a 1.4 M solution of NH3?
A) 13.38
B) 11.70
C) 10.64
D) 9.71
B)

C)

D)

C12. The standard enthalpy of combustion of
ethane, C2H6, is −1560 kJ/mol. Use the
thermodynamic data provided to determine the
standard enthalpy of formation of ethane.
A) −780 kJ/mol
B) −542 kJ/mol
C) −226 kJ/mol
D) −105 kJ/mol
E) −83 kJ/mol
C13. A chemist finds a homogeneous mixture of
solid LiNO3 and KNO3. She dissolves 2.50
grams of the mixture into 15.0 g of water. The
freezing point of the resulting solution is
determined to be −7.9 °C. What is the percent
by mass of KNO3 in the mixture?
A) 42%
B) 25%
C) 72%
D) 52%
E) 38%
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C14. Which of the following will increase the
potential of the following voltaic cell?
I.
II.
III.
IV.
A)
B)
C)
D)
E)

Adding water to cell containing Al3+
Adding water to cell containing Cu2+
Increasing mass of Al electrode
Increasing surface area of Cu electrode
II & IV
II & III
III & IV
I only
I & II

C15. Given the following process is endothermic:
2 H2O(l) ⇌ H3O+(aq) + OH−(aq)
At 75 °C, the pH of water will be ______ the
pH at 25 °C and the Kw of water will be
______ the Kw at 25 °C.
A) greater than, greater than
B) great than, smaller than
C) smaller than, greater than
D) smaller than, smaller than
E) same as, greater than
C16. What does the slope of the following graph
represent?

A) equilibrium constant, Keq
B) activation energy, Ea
C)
D) −Ea × R
E)

Chemistry
C17. In which of the following is the ΔH°rxn = Δ°Hf
of the product?
A) CO2(g) + H2O(l) → H2CO3(aq)
B)

N2(g) + O2(g) → NO2(g)

C) 3 H2(g) + 2 N2(g) → 2 NH3(g)
D) NO(g) + O2(g) → NO2(g)
E) NO(g) + Br2(g) → NOBr(g)
C18. What is the pH of a saturated solution of
Cd(OH)2?
A) 9.57
B) 10.87
C) 11.42
D) 12.51
E) 13.60
C19. A 1.5 mL sample of 11.0 M HCl is added to
1.0 L of pure water. What is the pH of the
resulting solution?
A) 6.99
B) 5.93
C) 3.71
D) 1.78
E) 0.89
C20. In an insulated container, 25.0 grams of ice at
0 °C is placed into 245 grams of water at
38.0°C. What is the temperature when the
system reaches thermal equilibrium?
A) 29.9 °C
B) 27.1 °C
C) 24.8 °C
D) 20.3 °C
E) 18.9 °C
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Physics

P01. According to Neil deGrasse Tyson, there are
six types of quarks which have abstract names
that serve no pedagogical purpose. They
include the up, down, top, bottom, strange and
__________ quarks.
A) lonely
B) open
C) charmed
D) pleasant
E) friendly
P02. According to Neil deGrasse Tyson, in the
1970s, America launched four spacecraft that
explored some of the planets in our solar
system before escaping our solar system
entirely. In 1972, Pioneer 10 was launched.
In 1973, Pioneer 11 was launched. In August
of 1977, Voyager 2 was launched and in
September of 1977, _________ was launched.
A) Helios A
B) Ulysses
C) Genesis
D) Mariner 1
E) Voyager 1
P03. According to Neil deGrasse Tyson, the first
direct observation of the cosmic microwave
background was made inadvertently in 1964 by
American physicists Arno Penzias and _______
of the Bell Telephone Laboratories.
A) Robert Wilson
B) Edwin Hubble
C) Vera Rubin
D) Percival Lowell
E) George Gamow
P04. The giant planets can be divided into two
classes known as the gas giants and the ice
giants. The two planets that are classified as
ice giants are __________ and ____________.
A) Neptune, Saturn
B) Neptune, Uranus
C) Neptune, Jupiter
D) Uranus, Saturn
E) Uranus, Jupiter

P05. Angel Falls in Venezuela is the highest
waterfall in the world. It has a total drop of
979 meters or _____________ nanometers.
A) 9.79 x 1020
B) 9.79 x 1017
C) 9.79 x 1014
D) 9.79 x 1011
E) 9.79 x 108
P06. A projectile is launched straight up from the
ground with an initial speed of 56.7 m/s It
obtains a maximum height and returns to the
ground. How much time will the projectile be
in the air? Ignore air resistance.
A) 9.80 s
B) 10.4 s
C) 11.0 s
D) 11.6 s
E) 12.2 s

m  4.50 kg

k  0.365

θ=?

P7. A wooden block is placed at the top of an
inclined plane and given a slight push. The
block then travels at constant speed down the
incline. Find the angle of inclination.
A) 20.1º
B) 23.3º
C) 26.5º
D) 29.7º
E) 32.9º
P08. A 48.1-g golf ball takes off after being hit at a
speed of 43.5 m/s. How much work is done on
the ball by the club?
A) 39.1 J
B) 42.3 J
C) 45.5 J
D) 48.7 J
E) 51.9 J
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P09. Joe is driving his motorcycle up one side of a
hill and down the other side. He wants to be
traveling fast enough to lose contact with the
ground at the top of the hill. If the crest of the
hill is a circular arc with a radius of 40.0 m,
what is the minimum speed he must have to
accomplish his goal?
A) 28.2 m/s
B) 26.1 m/s
C) 24.0 m/s
D) 21.9 m/s
E) 19.8 m/s
P10. Joe wants the pendulum of his grandfather
clock to swing back and forth in exactly one
second. Determine the length that the
pendulum must be to keep accurate time.
A) 21.5 cm
B) 24.8 cm
C) 28.1 cm
D) 31.4 cm
E) 34.7 cm
P11. Joe bought a steel rod from Mac’s Hardware,
which stores their steel rods at 20.0ºC. He
measured the length of the rod to be exactly
3.72 m. He took the rod home and left it out
in the Sun. He measured the rod and found it
had increased in length by 1.56 mm. What
was the temperature of the rod after being left
outside? [α = 12 x 10-6 (Cº)-1]
A) 54.9ºC
B) 52.6ºC
C) 50.3ºC
D) 48.0ºC
E) 47.7ºC

Physics
P13. A 7.50 μC charge is placed at the origin.
What is the electric potential at a point on
the x-axis where x = 3.88 m?
A) 6.24 V
B) 50.7 V
C) 399 V
D) 4,480 V
E) 17,400 V
P14. A charged particle is traveling in a circular
path that is perpendicular to a 1.12-T magnetic
field. The charge to mass ratio of the particle
is 9.59 x 107. Find the time required for the
particle to make one complete revolution.
A) 7.05 x 10-10 s
B) 6.90 x 10-9 s
C) 5.85 x 10-8 s
D) 5.70 x 10-7 s
E) 5.55 x 10-6 s
P15. A bright beam of light travels through the air
and strikes the surface of the water in a
swimming pool. The beam makes an angle of
56.2º with the normal at the surface. Find the
angle of refraction for the light that enters the
water. (nwater = 1.33)
A) 51.0º
B) 46.9º
C) 42.8º
D) 38.7º
E) 34.6º
P16. A 1.25-in-tall candle is positioned 12.0 cm
from a concave mirror that has a focal length
of 18.0 cm. Describe the image.
A) enlarged, real
B) enlarged, virtual
C) reduced, real
D) reduced, virtual
E) same size, real

P12. Joe has an uncharged parallel plate capacitor
in which both square plates have side lengths
of 4.44 cm and the plate separation is
1.11 mm. A neoprene dielectric is
inserted in the air gap between the plates. If
P17. Light shines on a gold surface with a work
the capacitor is connected to a 12.0-V battery,
function of 5.11 eV and electrons are
how much energy can be stored in the
emitted from the surface. What is the
capacitor? (k = 6.7)
minimum frequency the light could have?
A) 8.05 μJ
A) 1.24 x 1015 Hz
B) 5.61 μJ
B) 2.36 x 1014 Hz
C) 237 nJ
C) 3.48 x 1013 Hz
D) 42.2 nJ
D) 4.60 x 1012 Hz
E) 7.59 nJ
E) 5.72 x 1011 Hz
Copyright © 2017
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Physics

P18. Complete the alpha decay reaction.
238
234
92 U  90Th  __
A) e 
B) 42 He
C) e 
D) 
E) 11 H

P19. A container of water is filled to a depth of
50.0 cm. The container weighs 20.0 N and the
volume of water in the container is
15 x 10-3 m3. A rubber ball weighing
4.50 N is attached to a massless string
attached to the bottom of the container. The
tension in the string is 10.0 N. Find the
weight of the entire apparatus.
A) 150 N
B) 161 N
C) 172 N
D) 183 N
E) 194 N
P20. In a diffraction grating experiment, a source
produces monochromatic light with a
wavelength of 488 nm. A viewing screen is
placed 4.00 m from the diffraction grating.
The third bright fringe is located 3.56 m from
the central maximum. Find the separation
between the slits.
A) 116 μm
B) 142 μm
C) 168 μm
D) 1.94 μm
E) 2.20 μm

Copyright © 2017
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Constants

Conversions
Densities

R
R
R
e
NA
k
h
c

=
=
=
=
=
=
=
=
=
me =

0.08206 L·atm/mol·K
8.314 J/mol·K
62.36 L·torr/mol·K
1.602 × 10–19 C
6.022 × 1023 mol−1
1.38 × 10–23 J/K
6.626 × 10–34 J·s
3.00 × 108 m/s
2.178 × 10−18 J
9.11 × 10−31 kg

1 atm
air,dry
water
ice
Fe
Au
Hg

=
=
=
=
=
=

0.001184 g/mL
1.00 g/mL
0.917 g/mL
7.87 g/mL
19.3 g/mL
13.6 g/mL

Standard Thermodynamic Data

Water data
Tmp
Tbp
Cice
Cwater
Csteam
ΔHfus
ΔHvap
Kf
Kb

= 0°C
= 100°C
= 2.09 J/g K
= 4.184 J/g K
= 2.03 J/g K
= 334 J/g
= 2260 J/g
= 1.86 °C/m
= 0.512 °C/m

substance

(kJ/mol)

S°
(kJ/mol)

CO2 (g)

−394

214

CO (g)

−111

198

CH4 (g)

−75

186

C3H8 (g)

−104

270

COCl2 (g)

−220

284

H2O (l)

−286

70

H2O (g)

−242

189

=
=
=
1 bar
=
1 cal
=
1 L·atm =
1 eV
=
1 lb
=
1 ton
=
1 tonne =
1 in
=

760 torr
101325 Pa
14.7 psi
105 Pa
4.184 J
101.325 J
1.602 × 10–19 J
453.6 g
2000 lbs
1000 kg
2.54 cm

Some equilibrium constants
water
Cd(OH)2
CH3CO2H
NH3
HF

Kw
Ksp
Ka
Kb
Ka

= 1.0 × 10−14
= 2.5 × 10−14
= 1.8 × 10−5
= 1.8 × 10−5
= 3.5 × 10−4
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Physics
PHYSICS
Useful Constants

quantity

symbol

value

Free-fall acceleration

g

9.80 m/s2

Coulomb constant

k

8.99 x 109 N·m2/C2

Electron mass

me

9.11 x 10-31 kg

Fundamental charge

e

1.602 x 10-19 C

Speed of light in a vacuum

c

3.00 x 108 m/s

Density of water

ρ

1000 kg/m3

Permeability of free space

μ0

4π x 10-7 T·m/A

Planck’s constant

h

6.626 x 10-34 J·s

Gravitational constant

G

6.67 x 10-11 N·m2/kg2

Permittivity of free space

0

8.854 x 10-12 C2/N·m2

Electron volt

eV

1.602 x 10-19 J

Density of water

w

1000 kg/m3

Copyright © 2017
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SELECTED SOLUTIONS
C01. (D)

Atomic radius increases as the number of energy levels increases. Within the same period,
atomic radius decreases as nuclear charge increases.

C03. (B)

Using the graph, [Cu2+] = 0.013 M in the solution.

C04. (A)

AgCl and PbCl2 are insoluble in water. NaCl and CaCl2 are soluble in water.

C05. (A)

The large difference in melting cannot be attributed to difference in intermolecular forces.
Such a large difference can only be cause by difference in bonding. SiO2 is a network
covalent solid. CO2 is non-polar molecular.

C06. (C)

The formula of lead (II) nitrate is Pb(NO3)2

C07. (B)

At same temperature and pressure, 1 L CH4 contains same moles of molecules as 1 L N2.

C08. (D)

Since HF is a weak acid (Ka << 1), it is mostly molecular HF in solution with a small
amount ionized as H+ and F−.

C09. (C)
C10. (C)

C11. (B)

C12. (E)

The central oxygen atom has 3 domains of electrons (2 bonding groups and 1 lone pair) so the
bond angle is closest to 120°.
R
I
C
E

NH3(aq)
1.4 M
−x
1.4 − x

+ H2O(l)

→ NH4+(aq)
0
+x
x

+ OH−(aq)
0
+x
x

Standard enthalpy of combustion: C2H6(g) + O2(g) → 2 CO2(g) + 3 H2O(l) ΔH° = −1560 kJ/mol

17-18 TMSCA HSSC Test #3
C13. (E)

Let x = mass of KNO3

Chemistry
2.5 – x = mass LiNO3

x = 0.96 g
C14. (D)

The reaction is 2 Al(s) + 3 Cu2+(aq) → 2 Al3+(aq) + 3 Cu(s)
lowering [Al3+] will cause E to increase.

Nernst equation:
Changing mass of solids has no effect on E
C15. (C)

heat + 2 H2O(l) ⇌ H3O+(aq) + OH−(aq); raising temperature will shift reaction right, so [H3O+]
and [OH−] will both increase. Kw = [H3O+][OH−], so it increases. Higher [H3O+] = lower pH.

C16. (C)

Arrhenius equation in format of y = m x +b:

C17. (B)

is the
of a reaction when 1 mole of a compound is formed from its elements in
their standard states.

C18. (A)

R
I
C
E

Cd(OH)2(s)

⇌ Cd2+(aq)
0
+x
x

+ 2OH−(aq)
0
+ 2x
2x

C19. (D)
C20. (B)

To melt ice:

; so warm water loses 8350 J of heat:

Now there is 25 g water at 0 °C and 245 g water at 29.9 °C
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Physics

SELECTED SOLUTIONS
P1-P3 Astrophysics for People in a Hurry; Neil deGrasse Tyson; W. W. Norton & Company; 2017
P1. page 21

P2. page 39

P3. page 53

P4. 21st Century Astronomy; Kay, Palen, Smith, Blumenthal; W.W. Norton & Company; 2013; pages 317

 F  ma
979

P5. 1x109
9.79 x1011 nm

Fp  Ff

y  y0  v0t  .5at 2
P6.

0  0  56.7t  .5(9.8)t 2

P7.

4.9t 2  56.7t  0

W  K

mg sin    mg cos 
tan   

P8.

tan   .365

t  11.6 s

W  .5mv 2  0
W  .5(.0481)(43.5) 2
W  45.5 J

  20.1
Fw  Fc
mv 2
mg 
r
P9. v  gr
v  9.8(40)

L
g

T  2
2

L   LT

gT
9.8(1)

2
4
4 2
L  .248 m

P10. L 

v  19.8 m/s
A
d
U  .5CV 2

2

L
T
L 0
P11.
.00156
T
 20
12 x106  (3.72)
T

T  54.9C

V

C  k 0

P12.

P13. V 

kQ
r
8.99 x109  7.5x106 

3.88
V  17, 400 V

(.0444) 2
U  .5(6.7)  8.854 x1012 
(12) 2
.00111
U  7.59 x109 J

Copyright © 2017

17-18 TMSCA HSSC TEST #3
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Fm  Fc
mv 2
qvB 
r
q
v  Br
m
2 r
P14. T  B
2
T
q
B
m
T

1
1 1


f d o di
n1 sin 1  n2 sin  2

P15. (1) sin 56.2  1.33sin  2

 2  38.7

2
 9.59 x107  (1.12)

1
1 1
 
18 12 di
P16. di  36

M 

di
do

M 

36
3
12

T  5.85 x108 s
E  hf

W  WB  WC  WW

W0  E
W
P17. f  0
h
5.111.602 x1019 
f 
6.626 x1034
f  1.24 x1015 Hz

3.56
4
  41.669
tan  

m  V

P19.

WW  mg  Vg
WW  1000(15 x103 )(9.8)

d sin   m

P20.

d

W  4.5  20  147
W  172 N
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d

m
sin 
3  488 x109 

sin 41.669
d  .00000220 m

