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1. SQUID

A SQUID (superconducting quantum interference device) is a very sensitive magnetometer used to measure extremely subtle magnetic fields, based on superconducting loops containing Josephson junctions. SQUIDs are sensitive enough to measure fields as low as 5 a

 HYPERLINK "http://en.wikipedia.org/wiki/Tesla_%28unit%29" \o "Tesla (unit)" T (5×10−18 T) within a few days of averaged measurements. Their noise levels are as low as 3 fT·Hz-½. For comparison, a typical refrigerator magnet produces 0.01 teslas (10−2 T), and some processes in animals produce very small magnetic fields between 10−9 T and 10−6 T. 
DC SQUID - It has two Josephson junctions in parallel in a superconducting loop. It is based on the DC Josephson effect. In the absence of any external magnetic field, the input current [image: image1.png]


splits into the two branches equally. If a small external magnetic field is applied to the superconducting loop, a screening current, [image: image2.png]


, begins circulating in the loop that generates a magnetic field canceling the applied external flux. The induced current is in the same direction as [image: image3.png]


in one of the branches of the superconducting loop, and is opposite to [image: image4.png]


in the other branch; the total current becomes [image: image5.png]


in one branch and [image: image6.png]


in the other. As soon as the current in either branch exceeds the critical current, [image: image7.png]


, of the Josephson junction, a voltage appears across the junction.

Now suppose the external flux is further increased until it exceeds [image: image8.png]Dy /2



, half the magnetic flux quantum. Since the flux enclosed by the superconducting loop must be an integral number of flux quanta, instead of screening the flux the SQUID now energetically prefers to increase it to [image: image9.png]


. The screening current now flows in the opposite direction. Thus the screening current changes direction every time the flux increases by half integer multiples of [image: image10.png]


. Thus the critical current oscillates as a function of the applied flux. If the input current is more than [image: image11.png]


, then the SQUID always operates in the resistive mode. The voltage in this case is thus a function of the applied magnetic field and the period equal to [image: image12.png]


. Since the current-voltage characteristics of the DC SQUID is hysteretic, a shunt resistance, [image: image13.png]


is connected across the junction to eliminate the hysteresis (in the case of copper oxide based high temperature superconductors the junction's own intrinsic resistance is usually sufficient). The screening current is the applied flux divided by the self-inductance of the ring. Thus [image: image14.png]


can be estimated as the function of [image: image15.png]


(flux to voltage converter) as follows:

∆V = R ∆I
2I = 2 ∆Φ/L, where L is the self inductance of the superconducting ring

∆V = (R/L) ∆Φ
The discussion in this Section assumed perfect flux quantization in the loop. However, this is only true for big loops with a large self-inductance. According to the relations, given above, this implies also small current and voltage variations. In practice the self-inductance L of the loop is not so large. The general case can be evaluated by introducing a parameter
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with ic the critical current of the SQUID. Usually λ is of order one. 
RF SQUID - It is based on the AC Josephson effect and uses only one Josephson junction. It is less sensitive compared to DC SQUID but is cheaper and easier to manufacture in smaller quantities. Most fundamental measurements in biomagnetism, even of extremely small signals, have been made using RF SQUIDS. The RF SQUID is inductively coupled to a resonant tank circuit. Depending on the external magnetic field, as the SQUID operates in the resistive mode, the effective inductance of the tank circuit changes, thus changing the resonant frequency of the tank circuit. These frequency measurements can be easily taken, and thus the losses which appear as the voltage across the load resistor in the circuit are a periodic function of the applied magnetic flux with a period of Φ0. For a precise mathematical description refer to the original paper by Erné et al.[5][10]
2.  1/f NOISE (pink noise)
 
A signal or process with a frequency spectrum such that the power spectral density (energy or power per Hz) is inversely proportional to the frequency. In pink noise, each octave carries an equal amount of noise power. The name arises from the pink appearance of visible light with this power spectrum.[1]
Within the scientific literature the term 1⁄f noise is sometimes used a little more loosely to refer to any noise with a power spectral density of the form
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where f is frequency and 0 < α < 2, with exponent α usually close to 1. These 1⁄f -like noises occur widely in nature and are a source of considerable interest in many fields. The distinction between the noises with α near 1 and those with a broad range of α approximately corresponds to a much more basic distinction. The former (narrow sense) generally come from condensed matter systems in quasi-equilibrium, as discussed below.[2] The latter (broader sense) generally correspond to wide range of non-equilibrium driven dynamical systems.

The term flicker noise is sometimes used to refer to 1⁄f noise, although this is more properly applied only to its occurrence in electronic devices due to a direct current.

3. Shunt
 
A device which allows electric current to pass around another point in the circuit by creating a low resistance path. Can be used for example as a protection for circuits, or as a "current meter" (which use the opposite phenomena), by using "shunt resistors" connected in series with the circuits but almost don’t affect it.
4. Circuit quantum electrodynamics

Circuit quantum electrodynamics (circuit QED) provides means to study the fundamental interaction between light and matter. As in the field of cavity quantum electrodynamics, a single photon within a single mode cavity coherently couples to a quantum object (atom). In contrast to cavity QED, the photon is stored in a one-dimensional on-chip resonator and the quantum object is no natural atom but an artificial one. These artificial atoms usually are mesoscopic devices which exhibit an atom-like energy spectrum. The field of circuit QED is a prominent example for quantum information processing and a promising candidate for future quantum computation.
5. Shot noise

Shot noise is a type of electronic noise which originates from the discrete nature of electric charge. The term also applies to photon counting in optical devices, where shot noise is associated with the particle nature of light. It is known that in a statistical experiment such as tossing a fair coin and counting the occurrences of heads and tails, the numbers of heads and tails after a great many throws will differ by only a tiny percentage, while after only a few throws outcomes with a significant excess of heads over tails or vice versa are common; if an experiment with a few throws is repeated over and over, the outcomes will fluctuate a lot. (It can be proven that the relative fluctuations reduce as the square root of the number of throws, a result valid for all statistical fluctuations, including shot noise.)

Shot noise exists because phenomena such as light and electric current consist of the movement of discrete (also called "quantized") 'packets'. Consider light—a stream of discrete photons—coming out of a laser pointer and hitting a wall to create a visible spot. The fundamental physical processes that govern light emission are such that these photons are emitted from the laser at random times; but the many billions of photons needed to create a spot are so many that the brightness, the number of photons per unit time, varies only infinitesimally with time. However, if the laser brightness is reduced until only a handful of photons hit the wall every second, the relative fluctuations in number of photons, i.e., brightness, will be significant, just as when tossing a coin a few times. These fluctuations are shot noise.
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