This Math Diagnostic was developed by the Carl Wieman Science
Education Initiative at UCB. Pat Burchat found it useful in
previous years for 130, so I am distributing it again this year.
Please take it seriously.

The main purpose of this exercise will be to inform the instructor
about what topics in math must be explained more carefully in the
lectures. However, it may also indicate what topics you will need
to review. Physics 130 will involve math beyond the level of this
quiz, but those topics will be developed from the beginning.

Please treat this as a closed-book test, to be done individually.
Do not spend more than 75 minutes on this exercise.

Major :

Year: 1 2 3 4 Grad student

Please list the number and title of the three math courses that you most recently
completed.

1

2

3




Closed- Book " Blease limit frme Fo «FSri .

1- What is the magnitudez| of the following complex number: z=3-4/?

1b- Did you learn about complex numbers in a previous course? Yes No

1C- Was problem 1 difficult? 1- Very hard 2- Somewhat hard 3- Avg 4- Somewhat easy 5- Very easy

2- What is the real part of the expression re‘®s® (where rand 8 are real constants)?

2b- Was problem 2 difficult? 1- Veryhard 2- Somewhathard 3- Avg 4- Somewhateasy 5- Very easy

2
3- Which of the following is a possible solution to 5 % + 4% +x=07
(a) Ae?t/5 4+ Be~2t/5
-2t/s Lt
(b) Ae cos (5)
t .t
{c) Acos (-g) + Bsin (-5-)
(d) Ae /5 + Bte 2/5

(e} Acosh (g) + Bsinh (é)

3b- Was problem 3 difficult? 1- Veryhard 2- Somewhathard 3- Avg 4- Somewhateasy S5- Very easy




4- What is the magnitude |f(2)] of the following complex function: f(z) = 5ize"™/3 7

4b- Was problem 4 difficult? 1- Very hard 2- Somewhathard 3- Avg 4- Somewhateasy 5- Very easy

5- Evaluate f)" 3el*+tan) gy

5b- Did you learn about this in a previous course? Yes No

5C- Was problem 5 difficult? 1-Veryhard 2- Somewhathard 3-Avg 4- Somewhateasy 5- Very easy

6- A new grocery store just opened in the middle of town. In order to attract customers
they hold an original promotion where each customer can save money on their purchase
by rolling a traditional six face die -- the higher the outcome, the larger the savings.

For instance, if the customer rolls a “6”or a “5”, he (or she) saves 4% of the total

purchase amount, a roll of “4” leads to a saving of 3%, a roll “3” or “2” leads to a
savings of 2%, while a roll of “1”, leads to a saving of 1%. Which of the following
percentages is closest to the expected average savings for the customer?”

() 1.5% (b) 20%  (c) 25% (d) 3.5% () 16.0%



6C- Was problem 6 difficult? 1- Very hard 2- Somewhathard 3- Avg 4- Somewhat easy 5- Very easy

7- Match the real part of the real function g(x)to the real part of its Fourier Transform,

denoted as Re( f(k,) ).
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7b- Did you learn about Fourier transforms in a previous course? Yes No

If YES, which course(s)?

7C- Was problem 7 difficult? 1- Very hard 2- Somewhathard 3- Avg 4- Somewhateasy 5- Very easy

8- Can you approximate f(x) = 5(1 — x)7 as a linear expression of the form
f(x) = a + bx (assuming |x| « 1)? If you can, what are the values for a and b?



-

8b- Did you learn about this in a previous course? Yes No

8C- Was problem 8 difficult? 1- Veryhard 2- Somewhathard 3-Avg 4- Somewhat easy 5- Very easy

af 1 &P
9- Evaluate — e 2 (o is a constant).

ax \ y2na?

9h- Was Q9 difficult?  1- Veryhard 2- Somewhathard 3- Avg 4- Somewhateasy 5- Very easy

10- Which Fourier series is the correct expansion for the function f(x)?

Fe1

e

(@ fx) =1+ i—simtx + ;’:—cosnx + f;sin31tx +

4 . 4 .o 4 . 4 .
®) f(x) = —sinmx + 3—"sm31tx + ;smSmc + ;strﬂnx +



4 . 4 . 4 .
© f(x)=1+_sinnx + 55 Sin3mx + oo SinSmx + -+
4 . 4 4 . 4
@ f(x) = —sinnx +—cosmx + ;sman + 37:0083”" + -

4 4 4
@ fx)=1+ —cosmx + 3—nco.s'31tx +;’-;cos51rx + e

10b- Did you learn about Fourier series in & previous course? Yes No

10¢- Was Q10 difficult?  1-Veryhard 2-Somewhathard 3-Avg 4-Somewhateasy 5-Veryeasy

11- What is the shortest distance x over which the function f(x) = cos [3 ’ZL: - g)]
repeats itself (i.e. wavelength) ?

(@ p/6 ®) () p/3
(d) 4p/3 (e) p/3n ® p/6m

11b- was Q11 difficult?  1-Veryhard 2-Somewhathard 3-Avg 4- Somewhat easy 5-Very easy

d3y dy

12- How many linearly independent solutions does 5-5— gz ty=0 have,
(i.e. y1(8), y2(t), y3(t), ¥5(t), ...) ?
(a) It depends on the initial conditions: y(0), y'(0)... (d 1
{b) 2 {e) 3

© 4

12b- Did you learn about this in a previous course? Yes No

12¢- Was Q12 difficult?  1- Veryhard 2- Somewhathard 3- Avg 4- Somewhateasy 5- Very easy

13- Two traveling waves are described by the equations: Y, (x,t) = 8cos(4kx + 2wt)
and Y,(x,t) = 2cos(2kx + wt). Which wave has the highest propagation speed?



(a) Wavel
(b) Wave2

(c) Both waves have the same speed
13b- Was QI3 difficult?  1- Veryhard 2-Somewhathard 3- Avg 4- Somewhateasy 5-Very easy

14- Given the solution to a linedr differential equation y(x) = Asinh(kx) + Bcosh(kx) ,
the boundary condition y’(0) = 0 implies:

(@ A=0 ) B=0
) k=0 d k=nmr,n=123..

() A trivial solution for all x (i.e. y(x) = 0)

14b- Was Q14 difficult?  1- Veryhard 2- Somewhathard 3- Avg 4- Somewhateasy 5- Very easy

15- The velocity of a particle is given by T(£) = ve(sin(t) I + cos(t)f) . Express the
velocity B(t) in terms of the unit vectors 2, and &; :

¥
A 4

15b- Was Q15 difficult?  1- Veryhard 2- Somewhathard 3-Avg 4- Somewhateasy 5-Very easy

16- Evaluate f::: ;’:: e [2) 2z dxdydz:



16b- Did you learn about this in a previous course? Yes No

16C- Was Q16 difficult?  1- Veryhard 2- Somewhat hard 3- Avg 4- Somewhateasy 5- Very easy

17- Large forest fires (or any latge fire for that matter) are known to produce hurricane force
winds in their vicinity. Large temperature gradients drive air masses at spectacular speeds.

What mathematical expression is appropriate to describe the density of air (kg/m®) in and

around the fire?
(a) A scalar field p = p(x,y,2,t)
(b) A vector field p = (px(x, v, 2, t),py(x, ¥:2,0),p,(x,9,2, t))

(c) In this particular case, the density p cannot be expressed as a scalar 0r a vector field.

Please comment on your choice:

17b- Did you learn about this in a previous course? Yes No

17¢- Was Q17 difficult?  1- Veryhard 2- Somewhathard 3- Avg 4- Somewhat easy 5- Very easy

cos(®) 0O sin(9)

18- The matrix R = ( 0 1 0 ) takes a vector r = (r,,r,,7,) and rotates it by
—sin(@) 0 cos(@)

an angle @ about an axis. What is the axis of rotation? (assume that we are looking down

the positive axis of rofation toward the origin)

(a) x-axis -- clockwise (b) x-axis -- counterclockwise

(c) y-axis - clockwise (d) y-axis -- counterclockwise

(e) z-axis -- clockwise (f) z-axis -- counterclockwise

18b- Did you learn about this in a previous course? Yes No

18c- Was Q18 difficult?  1- Veryhard 2- Somewhat hard 3- Avg 4- Somewhat easy 5- Very easy




19- The vector v = (v, v,,»,) I8 an eigenvector of the matrix

cos(@) O sin(@)
R =( 0 1 0 ) (same rotation matrix as in Prob. 18).

—sin(@) 0 cos(9)

Which of the vectors below is a candidate for v?

(@ v= (0,0, -1) ® v= (—1:0:1)
(c) v= (111'1) (d) v= (0, —1,0)
© v=(Q0-1) ® v=(-100)

19b- Did you learn about this in a previous course? Yes No

19¢- Was Q19 difficult?  1- Veryhard 2- Somewhathard 3-Avg 4- Somewhat easy 5- Very easy

20- We have two scenarios where we want to compute the components of the velocity vector v
in a rotated coordinate system (i.e. green primedframe, rotated by 30 degrees ). In scenario 1,
the origins of both frames happen to coincide whereas in scenario 2, they do not. Will scenarios

1 and 2 have different coordinate transformation matrices ¥ , where 3’ = Mv = ‘c‘ Z)B ?

(for full marks, explain your answer)



y ()

(a) = Yes
(b) = No
Explain

20b- Did you learn about this in a previous course? Yes No

20¢- Was Q20 difficult?  1- Veryhard 2-Somewhathard 3- Avg 4- Somewhateasy 5-Very easy

21- The function £(x), shown below, is Taylor expanded to second order in x about x = 0:

f(x) = ag + ayx + a,x*. Which set of expressions best describes the values of ay,a,, and
ay?



(a) ao>0,a1>o,az>0 (b) ao<0,a1<0,a2<0
(c) ao>0,a1<0,a2<0 (d) ao<0,a1>0,az=0

(e} ap<0,a;,<0,a,=0

21b- Did you learn about this in a previous course? Yes No

21c- Was Q21 difficult?  1- Veryhard 2- Somewhat hard 3- Avg 4- Somewhat easy 5- Very easy

22- The plot below represents a 2 dimensional cross section of the vector field
F= (Fe(x,¥), E(x,3), 0), where the length of the arrow is proportional to the magmtude 0

the field at that point. What can you say about the divergence of the vector field (V - - Fatthe
center of the target sign in the lower left corner?

(@ V-F=0
®V-F>0

© V-F<o



(d) There is not enough information

Please explain your reasoning in choosing your answer:
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22b- Did you learn about this in a previous course? Yes No

22¢- Was Q22 difficult?

1- Veryhard 2- Somewhathard 3- Avg 4- Somewhat easy 5- Very easy

23- The plot below represents a vector field B = (B.(x,¥), B,(x,y),0), where the

length of the arrow is proportional to the field magnitude at that point. What can you say
about the z-component of V X B at the center of the target sign in the lower left coner?

(The positive z direction is toward you, out of the page)




(a) The z-component of V X B is zero
(b) The z-component of V X B is greater than zero

(c) The z-component of V X B is less than zero

(d) There is not enough information

Please explain your reasoning in choosing your answer:
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23b- Please explain your reasoning in choosing your previous answer:




23¢- Was Q23 difficult?  1- Veryhard 2- Somewhat hard 3- Avg 4- Somewhat easy 5- Very easy

24 What is the divergence of the vector field A=xzX+xy y+yz 2?

24b- Was Q24 difficult?  1- Veryhard 2- Somewhathard 3- Avg 4- Somewhat easy 5- Very easy

o5. What is the curl of the vector field B=y®2—x9+ 527

25b- Was Q25 difficult?  1- Veryhard 2- Somewhat hard 3- Avg 4- Somewhat easy 5- Very easy

How seriously did you just take this diagnostic exam?

(a) 1 pretty much blew it off, didn't think much about a lot of the answers.

(b) 1 took it sort of seriously, but when | didn't know an answer | didn't think very
hard about it.

(c) 1took it seriously, and thought about my answers.

if you imagine getting a letter grade on this test, what do you think that grade would
be?

————



