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Introduction:
This packet contains 20 tossups on computer engineering and adjacent topics. Each

tossup is 7-10 lines long in size 10 Times New Roman font, before power-marking. The intended
difficulty is Nats minus. Tossups are power-marked for 15 points and superpower-marked for 20
points. Please note that this packet was written hastily by college undergraduates, none of whom
are experts; if you find any factual errors or nonunique clues, please inform the authors by
emailing David at djb3ve@virginia.edu.

Distribution:
4 Electrical engineering
3 Applied mathematics
3 Electricity and magnetism
1 Other physics
3 Computer hardware
4 Other computer science
2 Other engineering
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1. Since the power-supply rejection ratio of these circuit elements decreases at higher frequencies, decoupling
capacitors are used to ground out high-frequency noise in their power supplies. In the block diagram of a 555
Timer, the threshold, control, and trigger signals connect directly to the inputs of these circuit elements whose
outputs connect to a (+) flip-flop. The lag-break frequency of this circuit element can be determined by a
compensation capacitor straddling the input and output of one of its intermediate stages. A triangle wave can
be generated when the constant output of one of these circuit elements is converted into a linear output by
another in an “integrator” configuration. This circuit element’s (*) inverting input is at a virtual ground when it
is connected by a resistor to its output, allowing this element to be used as a summing amplifier. Its ideal version can
be modeled as two voltage inputs separated by an infinite impedance whose difference controls a separate voltage
source with infinite gain and zero output impedance. For 10 points, name this circuit element depicted as a triangle
with plus and minus signs for inputs.
ANSWER: operational amplifiers [prompt on differential amplifier]
<Daniel Xue, Electrical engineering>

2. In regions of zero charge density, the method of relaxation can be used to numerically solve for this
quantity by starting with specified boundary conditions and then reassigning each point as the average of its
neighbors. In the Lorenz gauge, the d’Alembertian of this quantity in a given region is equal to the (+)
negative charge density divided by epsilon-nought. This quantity is effectively set to zero for a horizontally
infinite and perfectly conducting plane when the method of images is used to find the electric field about a
charge configuration above said plane. For a lossless transmission line, the (*) spatial derivative of this quantity
is equal to the negative product of the line’s inductance and the time derivative of its current. In the dynamic case,
the electric field is equal to the sum of the negative time derivative of magnetic potential and the negative gradient
of this scalar. In the static case, one of Kirchoff’s laws states that the sum of this quantity around a closed loop is
equal to zero. For 10 points, what quantity is given across a resistor by Ohm’s law as current times resistance?
ANSWER: voltage [or electric potential; prompt on V]
<Daniel Xue, Electricity and magnetism>

3. Suzanne Jenniches holds a patent for a form of this technique that can prevent asymmetrical
“tombstoning” by using a laser in order to limit physical contact. The “dip and look” method for assessing the
applicability of this technique is improved upon by (+) wetting balance analysis. Because of their ability to
melt and freeze at the same temperature, this technique employs eutectic alloys like tin⋅63/lead⋅37. An (*)
“acid core” material used in this technique requires manual removal of flux residue in order to prevent corrosion,
while a similar “rosin core” material also contains flux that removes oxidation. Attempts to reduce the toxicity of
performing this technique have largely replaced lead alloys with silver alloys. This technique is distinct from brazing
in that it does not exploit capillary action, and is distinct from welding in that it does not involve melting the work
pieces. For 10 points, name this technique of joining objects with a melted filler metal.
ANSWER: soldering [accept laser soldering]
<David Bass, Other engineering>



4. In the Graham scan method, this data structure is used to maintain the convex hull of a set of
two-dimensional points, and can find and remove concavities when new points are added to the hull. In
another method called the (+) SMAWK algorithm, this data structure can be used to find the location of every
minimum row value for an implicitly-defined totally monotone matrix. Malicious parties may provide
oversized data inputs to an example of this data structure in order to change the return addresses of
procedures in a type of (*) “smashing.” In x86 assembly language, the r⋅s⋅p register is a pointer to this structure.
This data structure may be used to compute expressions in reverse Polish notation, also known as postfix
expressions. Depth-first search is a backtracking algorithm that uses this data structure to find all nodes within a tree
or graph. Push, pop, and peek are operations that belong to, for 10 points, what data structure with a last-in, first-out
ordering property that is often contrasted with a queue?
ANSWER: stacks [accept stack smashing]
<Kenny Zhang, Other computer science>

5. The inner product of a Sobolev space is defined as the sum of this operation performed on increasing-order
derivative products of a function and another function’s complex conjugate. Glasser’s master theorem states
that this operation can be simplified in cases where it can be construed as (+) Cauchy principal values. Linear
combinations of indicator functions are used to construct one form of this operation on limits of sequences of
simple functions. For second-order linear differential equations, (*) Abel’s theorem states that the Wronskian
equals a constant times e to the negative of this operation on the coefficient function of the first derivative term. The
convolution of two functions is found by performing this technique on the product of the two functions, after one is
reversed and shifted. When two functions are multiplied together, the acronym ILATE can be used to perform this
technique by parts. U-substitution is used for computing, for 10 points, what operation that gives the area under a
curve and is the opposite of differentiation?
ANSWER: integration [accept integral, Lebesgue integration, Lebesgue integration, antiderivative, or
antidifferentiation]
<Kenny Zhang, Applied math>

6. In December 2020, the Swiss Federal Laboratories for Materials Science and Technology announced that
they had created a multilayer system for generating two types of these particles. Artificial Bloch lattices for
these particles at room temperature were first realized as arrays of magnetized cobalt discs, which generated
them through the competition between dipole interactions and the perpendicular magnetic anisotropy of an
underlying thin film of cobalt and palladium. The electric and magnetic fields inside of (+) ball lightning can
be modeled as a “Shankar” one of these particles. These particles can be generated at low temperatures in
non-centrosymmetric materials through the (*) Dzyaloshinskii–Moriya interaction. This particle’s “hedgehog”
configuration is cycloidal and achiral, while its vortex configuration is helical and chiral. For 10 points, name these
swirling quasiparticles whose namesake British nuclear physicist, Tony, first proposed their existence in 1961.
ANSWER: skyrmions
<Daniel Xue, Other physics>



7. One variant of these devices uses stacks of thin steel sheets called laminations to greatly reduce energy
losses. They are not transformers, but soft ferrites can be used in the core of these devices, which have low
coercivity and thus lead to low (+) hysteresis losses. A Twin-T notch filter is an example of a second order
band reject filter that can be constructed (emphasize) without any of these devices. For high frequency
applications where the skin effect and proximity effect are more pronounced, these devices may be made of a
special wire called a (*) Litz wire. Due to the absence of damping, infinite oscillation can occur when one of these
devices is connected with a capacitor. The complex impedance of these devices equals i times angular frequency
times their namesake constant. The energy stored is proportional to current squared in, for 10 points, what passive
circuit components that stores energy in a magnetic field when current flows through them?
ANSWER: inductors [accept equivalents such as chokes, coils, or reactors; anti-prompt on solenoids]
<Kenny Zhang, Electrical engineering>

8. Bradley’s method of local adaptive thresholding may be applied to these things in the absence of a uniform
background intensity. In (+) Otsu’s algorithm, an intensity threshold that minimizes the intra-class variance
can be used to produce binary types of these things. Polyphase FIR filters are often used to interpolate these
things first with respect to the (*) horizontal, then with respect to the vertical. In several techniques for processing
these things, a two-dimensional discrete convolution is performed across coordinates using a square, symmetric
matrix called the kernel. A Sobel operator can approximate the intensity gradient of these things within certain
edge-detection algorithms. A certain type of these things are often represented as n by m by 3 matrices of integers
between 0 and 255, indicating their red, green, and blue color channels. Pixels make up, for 10 points, what things
whose file formats include p⋅n⋅g and j⋅p⋅g?
ANSWER: images [prompt on photographs or pictures]
<Kenny Zhang, Other computer science>

9. Methods named for Gear and Rosenbrock were early attempts to address this phenomenon. For an
equation with coefficient matrix A, the ratio of the supremum to the infimum of the absolute values of the real
parts of the eigenvalues of A equals this phenomenon’s namesake ratio. Robustness against this phenomenon
can be obtained by (+) absolute stability in the left half-plane, which is known as A-stability. Methods that
account for the current state of a system in addition to later ones perform better in the presence of this
phenomenon than (*) explicit methods. This phenomenon causes step size to be dictated by stability requirements
rather than accuracy requirements. This phenomenon is common when modeling relaxation oscillations of the Van
der Pol equation because it features distinct regions with vastly different partial derivative values. Functions like
“o⋅d⋅e⋅15⋅s” and “o⋅d⋅e⋅23⋅s” address, for 10 points, what phenomenon in which a numerical solving method is
unstable for a given differential equation?
ANSWER: stiffness [or stiff equation]
<David Bass, Applied math>

10. In one standard, a power supply unit supplies five volts of standby power to this computer component to
power the circuitry within it that produces the power on signal for the rest of the supply. The enhanced (+)
Serial Peripheral Interface bus was created to reduce the number of traces on this component compared to
the Low Pin Count bus, which are both typically controlled by this component’s southbridge chip.
Fully-buffered dual in-line memory modules require less wires to be placed on this component at the cost of
(*) increased latency, since they use a serial data link to this component’s memory controller. A voltage regulator
module may be soldered onto this component for supplying low-voltage power to the central processing unit. To
maintain a small form factor, daughter boards are used to allow for expansion cards to fit parallel to this parent
component. For 10 points, name this printed circuit board that connects a computer’s CPU and memory, in addition
to other peripheral devices.
ANSWER: motherboard [accept main board, system board, logic board, or mobo]
<Daniel Xue, Computer hardware>



11. Because the eigenvalues and modes of the data matrix are invariant under right multiplication by unitary
matrices, this technique can be emulated post-hoc in dynamic mode decomposition. In 2007, researchers at
Rice University used this technique to take pictures with a “single-pixel camera.” The restricted isometry
property was developed in order to characterize data matrices suitable for the application of this technique.
This technique involves (+) basis pursuit of a solution to the undetermined system of equations: s equals
inverse Fourier basis matrix times x. This technique exploits the fact that most signals are (*) sparse in some
transform basis in order to undercut the Nyquist frequency. For 10 points, name this technique for efficient signal
reconstruction that involves sampling a small number of times at randomly selected points.
ANSWER: compressed sensing [or compressive sensing; prompt on sampling before read; prompt on compression
with “What technique is being performed on compressed data?”]
<David Bass, Electrical engineering>

12. NIOS II is an architecture based on the MIPS 4 instruction set that contains a total of 39 of these
components. Within the SPARC architecture, the first and last of the “integer” type of these components are
hardwired to always return zero and cannot be (+) overwritten. The status types of these components hold
truth values that determine whether a given instruction should be executed. In a namesake “file” of these
components, multiple of them are arranged in parallel with separate (*) read and write ports controlled by
decoders. For a standard CPU datapath, one of these components is responsible for storing both the address to which
data will be stored and the address from which data will be fetched. These components can be constructed using a
series of D flip-flops that load in bits at a rising clock edge. An array of these components lies directly above the L1
cache in the memory hierarchy, and each one is typically a few kilobytes in size. For 10 points, name these devices
found in a computer’s processor that allow for fast, but limited storage.
ANSWER: registers [or integer registers; anti-prompt on register files until “file” is read]
<Kenny Zhang, Computer hardware>

Note to players: All clues in this tossup assume an ordinary least squares regression model.
13. Studentization of the DFFIT of an observation x-sub-i is achieved by dividing the DFFIT by a form of the
MSE and the square root of this quantity for x-sub-i. The “partial” type of this quantity measures the
contribution of a predictor to the value of this quantity for all observations. This quantity takes on values
between (+) one over the sample size and one. Cook’s distance can be plotted on the same axis as this quantity
because it increases with residual value and this quantity. The ith diagonal entry of the (*) orthogonal
projection “hat” matrix equals this quantity for the ith observation. Observations with high values for this quantity
are outliers, but are not necessarily influential points. For 10 points, name this quantity that measures the distance of
the predictor values of an observation from those of other observations in a sample, symbolized h-sub-i.
ANSWER: leverage [or leverage score; prompt on h-sub-i before read]
<David Bass, Applied math>



14. A 2019 paper by Blazejewski et al. describes a form of “entanglement” that “augments stability” of the
products of this academic field. One of four “lessons” for this field outlined in a 2009 paper by Skerker et al.
is to “minimize disruption of ecologies” caused by the products of this field. Cello is a framework in this field
for designing (+) “circuits” that can emulate Boolean logic from Verilog. A negative feedback loop consisting
of lambda c⋅I, Tet⋅R, and Lac⋅I is described in one of the earliest publications in this field, Elowitz and
Leibler’s “repressilator paper.” RCF 10 standards in this field prohibit the use of (all “I”s here are pronounced
“one”) Eco⋅R⋅I, X⋅ba⋅I, Spe⋅I, Pst⋅I, and Not⋅I sites inside of (*) BioBrick parts in order to regulate restriction
enzyme-based assembly. Twist Bioscience primarily manufactures materials used in this field. A central practice in
this field is transforming non-natural plasmids into a namesake “chassis,” which is most often E. coli. The iGEM
Foundation hosts annual competitions in this field. For 10 points, name this field of engineering concerned with the
design and construction of novel genetic systems.
ANSWER: synthetic biology [prompt on genetics, genetic engineering, bioengineering, biomedical engineering,
BME, biotechnology, molecular biology, metabolic engineering]
<David Bass, Other engineering>

15. For high-frequency magnetic effects, this quantity can be expressed as a phasor, the ratio of whose
imaginary to real parts describes how much power is lost versus stored in a material. For ferrimagnetic
materials, this quantity can be described by the (+) Polder tensor, which is diagonal when the material is in a
demagnetized state. The length of a uniform magnetic circuit divided by the product of its cross-sectional area
and this quantity gives its reluctance. Since (*) superconductors have zero resistance, persistent screening currents
at their surfaces can cancel out any externally applied magnetic field, effectively setting this quantity to zero. The
intrinsic impedance of a lossless medium is equal to the square root of this quantity divided by its permittivity. The
magnetic flux density B equals the magnetic field density H times this quantity. For 10 points, name this quantity
equal to 4⋅pi times ten to the negative-seventh henries per meter for nonmagnetic materials.
ANSWER: permeability [accept permeability of free space or permeability of vacuum; prompt on mu-nought]
<Daniel Xue, Electricity and magnetism>

16. Certain types of these sets are partitioned into finitely many equivalence classes by the equivalence
relation of having no distinguishing extension according to the Myhill–Nerode theorem. A property p of one
of these sets is nontrivial if there exists a choice of two elements of the (+) RE class such that one has p and the
other does not have p. Via a result generalized by Ogden’s lemma, the “regular” type of these sets are closed
under arbitrary repetition of a certain middle section of any sufficiently large element. That repetition in
elements of these sets is known as (*) pumping. An algorithm can be considered as a function between these sets.
One of these sets is “recursive” if there exists an algorithm that decides whether an input sequence belongs to it. The
“empty” one of these sets is invariant under concatenation with each of these sets. The Kleene star of a given
alphabet A is the maximal one of these sets that can be constructed from A because it contains all finite
concatenations of symbols in A. For 10 points, name these sets of words over a given alphabet.
ANSWER: formal languages [accept regular formal languages, recursively enumerable formal languages, or
complement recursively enumerable formal languages; prompt on any type of decision problem with “Of what type
of set does a decision problem decide membership?”; prompt on any type of function with “What is the domain of
such a function?”]
<David Bass, Other computer science>



17. In a flash memory architecture named for this component, one end of each memory cell connects directly
to the source line while the other connects to the bit line, allowing for random access. The (+) C⋅MOS
implementation of this component features two p⋅MOS transistors in series connecting the output to a drain
voltage, while two n⋅MOS transistors in parallel connect it to ground. The Block I Apollo Guidance
Computer was built using about 4,100 of the (*) three-input version of this logic gate. Two of these logic gates
whose outputs feed into one of the inputs of the other form an SR latch. This logic gate can be only used to
implement a NAND gate since running the same signal into both of its inputs will produce its negation at its output.
Thus, a NAND gate can be formed by first inverting both of its inputs, running them through this gate, and then
inverting the output signal. For 10 points, name this universal logic gate that only outputs a logic “one” when both
of its outputs are logic “zeros,” the inverse of an OR gate.
ANSWER: NOR gate
<Daniel Xue, Computer hardware>

18. Varactor types of these devices are used over mechanically adjustable capacitors due to their smaller size
and ability to rapidly change capacitance. Dark current reduces the effective dynamic range of one of these
devices in the photoconductive mode, which acts as a current source. In 1968, (+) G. Weckler proposed
arranging one type of this device in an array to form the basis for a passive-pixel sensor, predating CCDs.
Four of these devices are connected in a diamond pattern in a configuration that produces a purely DC
output known as a (*) full-wave rectifier. The Shockley equation describes the I-V characteristic of the ideal
version of these devices. One type of these devices has a “rectifying,” or “ohmic,” effect, has low forward bias
voltage, and is named for Walter Schottky. Though both operate in reverse bias, the Avalanche and Zener types of
this device differ in what causes breakdown behavior. It’s not a battery, but these devices have two terminals that
allow for cathode and anode sides. For 10 points, name these devices that only allow current to flow in one
direction, the “D” in “LED.”
ANSWER: diodes [accept light-emitting diodes; accept photodiodes; prompt on LEDs]
<Nima Razavi, Electrical engineering>

19. In ArcMap, Map Algebra expressions typically return a type of object named for this task. The painter’s
algorithm solves the visibility problem associated with this task. In contrast to the Cycles engine, the Eevee
engine relies on this task. (+) Xiaolin Wu improved upon an algorithm that performs this task with an
increment of two times d⋅y. Floating point arithmetic is avoided when performing this task via incremental
error algorithms. The (*) midpoint circle algorithm performs this action on all eight octants of a circle
simultaneously. Font hinting improves results of this task. Rendering primitives serve as immediate precursors to
this task. Bresenham’s line algorithm suffers from aliasing, causing images created by this task to appear jagged. For
10 points, name this task of converting vector graphics to pixels.
ANSWER: rasterization [accept Raster object; prompt on rendering]
<David Bass, Other computer science>



20. A February 2014 Nature article reported high densities of these particles transforming into liquid-like
dropletons. Especially cold gasses of these particles can be achieved when individual instances of these
particles simultaneously occupy separate quantum wells in their (+) “indirect” form.  Quenching and
subsequent dissociation of these particles is facilitated by ED–EA interfaces at which the namesake layers act
as the HTL and the ETL, respectively. (*) Trions are also known as the “charged” type of these particles. These
particles form upon absorption of a photon with energy greater than the bandgap of a certain particle and subsequent
repulsion of that particle by the Coulomb force. The “Frenkel” type of these particles appear in insulators, while the
“Wannier–Mott” type of these quasiparticles appear in semiconductors. For 10 points, name these hydrogen-like
bound states of an electron and a hole.
ANSWER: excitons [accept indirect excitons or Frenkel excitons or Wannier–Mott excitons or Mott–Wannier
excitons; prompt on answers mentioning both electrons and electron holes with “What quasiparticle are these
particles forming?”]
<David Bass, Electricity and magnetism>


